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The  principal  objects  wliich  tlie  author  proposed  to  him- 
self in  the  present  treatise  will  probably  be  best  explained 
by  the  fullowing  extracts  from  the  Prefuce  to  the  first 
,  eiiitioD, 

'  In  the  work  of  which  the  present  volume  forms  the 
[tiurd  and  concluding  portion,  it  has  been  t)ic  aim  of  the 
author  to  give  the  leading  facts  and  doctrines  of  chemical 
eteuce,  in  as  concise  a  form  as  possible,  without  sacrific- 
clearness  and  accuracy  to  brevity.     But  in  order  tlitit 
reader  may  be  enabled  to  refer  to  original  sources 
[then  further  information  is  needed,  references  have  bcci 
;iTen  to  the  papers  from  which  the  more  important  details 
■TV  been  obtained,  particuhirly  to  the  recent  memoirs  on 
lie  chemistry. 

*It  will  be  observed  that  in  the  arrangement  of  the 
present  volume,  free  use  hiis  been  made  of  the  system  of 
dassilication  in  homologous  series,  which  was  employed 
with  such  admirable  results  by  the  late  highly  gifted 
31.  Gerhardt,  whose  early  removal  from  the  scene  of  his 
indefatigable  and  successful  labours  the  scientific  com- 
munity have  had  so  recently  to  deplore. 

*The  general  method  of  clasaificntion  adopted  by  that 
eminent  chemist  in  his  Traite  de  Chimie  Organique,  excel- 
lent as  it  i:i  in  many  respects  for  the  advanced  cultivator 
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of  the  science,  is  not,  however,  well  adapted  to  the  plan  9 
a  didactic  work  like  the  present ;  and  it  was  judged  pra 
I'cniblc,  after  a  prcliniinaiy  sketch  of  tlic  methods  of  inveM 
tif^ation  and  classification  employed,  to  commence  ttfl 
detailed  description  of  the  products  of  organic  chemlstifl 
with  that  of  a  few  of  the  tiest  known  and  most  familid 
compounds  derived  from  tlic  vegetable  kingdom,  althouM 
their  composition  is  less  simple  than  that  of  mnny  otha 
organic  substances:  for  this  reason  sugar,  starch,  uofl 
vegetable  fibre  were  ninde  the  starting  point;  atM 
from  tliem  the  transition  was  cosy  to  the  proccaaa 
of  fenuentalion,  and  the  compreliensivc  group  of 
alcohols,  and  their  derivatives  the  ethers  and  allied 
comjwunds. 

*  In  treating  these  various  classes  of  compounds,  the 
author  preferred  to  examine  successively  the  different 
members  of  each  homologouB  group,  before  passing  to  the 
COTisideration  of  the  derivatives  from  the  typical  or  lead- 
ing member  of  each  group.  For  instance,  in  the  case  of 
ordinary  alcohol,  instcail  of  describing  ether,  alilchyd, 
and  acetic  acid  in  auccession, — the  different  varieties  of 
alcohol,  such  as  wood  spirit,  foui«l  oil,  Sec,  are  first 
described;  then  the  series  of  the  vinic  acids,  and  then 
tliat  of  the  ethers.  By  thus  presenting  the  different 
members  of  the  same  homologous  series  iu  succesiiion  to 
the  student  (sec  p.  3+)  he  is  enabled  to  trace  more  readily 
their  similarities  and  their  differences,  and  to  note  the 
general  method  adopted  in  their  preparation,  than  if  his 
attention  were  distracted  by  passing  to  other  bodies  of 
totally  different  character  and  properties.  This  plan  con- 
duces to  brevity  as  well  as  to  clearness,  and  facilitates  the 
description  of  the  various  series  fmm  a  more  gencnd  polut 
of  view,  than  would  be  readily  jjracticable,  if  the  arrango- 
ment  followed  by  most  writers  since  the  appearance  of 
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-iebig'B  classical  work  on  organic  chemistry  were  fol- 

'The  lioiQologous  and  the  collateral  scries  may  be  com- 
pared to  a  number  of  ladders  placed  side  by  side  against  u 
house.  The  terms  of  a  homologous  serica  succeed  each 
other  like  the  rounds  of  a  ladder,  whilst  the  tcims  of  the 
derived  and  collateral  series  are  like  tliose  of  a  second  or  a 
third  hidder  placed  by  the  side  of  the  first.  It  is  safer  and 
eadcr  to  ascend  or  to  descend  the  steps  of  each  ladder 
b  succession,  than  to  step  across  from  one  ladder  to  the 
other. 

'  In  the  nomenclature  of  the  alcohols  and  their  deriva^ 
Tux'S,  tlie  principle  introduced  in  the  case  of  the  hydrocar- 
bons by  Bcrzelius,  and  more  fully  carried  out  by  Gerhardt, 
las  been  followed,  ■with  the  view  of  avoiding  the  confusion 
rhich  would  have  been  introduced  into  tliia  [wrtion  of  the 
Mibjcct,  had  the  names  which  arc  frequently  employed  to 
designate  them  been  retained ;  for  example  :^ 
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(Im:  lower  series  of  terms   being  those  adopted  in    the 

present  work;   and   in   order  to  escajK;  tlie   confusion 

between  butyl  the  radicle  of  the  alcohol,  and  buUjryl  the 

radicle  of  butyric  acid,  the  Greek  term  tetryl  has  been  sub- 

Etituted  for  that  of  hutffl;  tlie  series  derived  from  the  alcohol 

htiug  thus  distinguished  from  that  derived  from  the  acid. 

Names  formed  upon  this  principle,  it  is  true,  are  often  less 

keophonioua  than  those  which  they  arc  designed  to  displace; 

^^■i  it  18  better  to  sacrifice  euphony  than  precision,  and  the 

^^ew  terms  have  the  advantage  of  distinctly  recalling  the 

proportions  of  carboa  which  are  present  in  the  respective 

compounds  indicated. 
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'  It  18  necessarjfto  remark  that  certain  a<ads,particulai 
the  carlwnic,  the  sulphuric,  and  the  sxilphurous,  are  t 
in  the  first  and  second  portions  of  the  work  as  though 
were  monobasic ;  whilst  in  tlie  tliird  part  they  are  vi 
as  dibasic.  At  tho  same  time  it  vaa  stated  (Pai 
pp.  58,  )$a,  173,  866)  that  there  are  many  circums 
which  render  it  probable  that  the  latter  bypotb 
the  more  correct  one.  It  appeared  to  be  convenie: 
retain  in  the  elementary  portion  of  tlic  work,  the  older 
which  regards  these  acids  as  monobasic,  and  which  has 
hitherto  assumed  in  all  treatises  puhlislicd  previous  to 
of  Gerhardt.  The  necessi^  for  theoretical  explanations 
an  early  point  in  the  work  was  thus  obviated,  and  theai 
plicity  in  the  fonnulse  usually  adopted  was  preserved, 
the  complicated  phenomena  of  organic  chcniistry,  howe' 
the  results  of  experiment  are  more  readily  interj>reted 
assuming  that  these  acids  are  dibasic 

*  In  the  closing  chapter  of  the  work,  a  careful  review 
Sopp's  researches  upon  atomic  volumes  and  the  boili 
point  of  organic  Uquids,  is  given:  and  it  is  hoped  that 
comparisou  of  the  results  of  Andrews  upon  the  beat 
combination  with  those  obtained  by  Fa^Te  and  Silbenn 
upon  the  same  subject,  will  be  found  of  value  and  of  in 
to  others  besides  the  student.'  .... 

It  is  unnecessary  to  specify  minutely  the  alterati 
which  have  been  made  in  the  second  part  of  this  work, 
itliat  volume  has  already  been  in  the  bands  of  the  publ 
for  twelve  months.  Besides  the  numerous  additions 
femeodations  rendered  necessary  by  the  progress  of  ucien 
the  volume  has  been  rendered  more  complete  as  a  man 
for  reference  by  the  introduction  of  statcmeuta  of 
centesimal  composition  uf  t)ie  different  gusus,  as  well 
of  the  more  iniporiaut  comixiund  bodies  generally. 

The  alterations  in  the  pre&uut  volume  are  more 
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fcdereble.     During  the  past  four  yc&rs  the  theor}'  of  poly- 
iuoiaic  combinations  has  acquired  rapid  and  important 
loperimental  illustration.     It  has  therefore  Ueen  carefully 
BdtKussed  and  exemplified  in  the  present  edition ;  hs  will 
lie  seen  by  reference  to  the  theory  of  types  in  the  prelimi- 
I  nary  chapter,  as  well  as  to  the  aections  on  the  diatomic 
and  polyatomic  alcohols,  and  to  those  on  the  amidea  and 
the  compound  ammonias. 
I      The  views  of  Gerhardt  on  the  polybasic  or  multequiva- 
r  lent  character  of  certain  elements,  and  their  important 
ezteiuions  in  the  hands  of  his  successors,  arc  also  con- 
,  iidered  at  some  length  in  the  pretiminar)'  chapter. 
I     The  interesting  relations  which  have  been  discovered 
■between  many  of  the  organic  acids,  such  as  the  succinic, 
'midic  and  tartaric,  the  gallic  and  salicylic,  the  lactic  and 
propionic,  are  also  indicated.  Amongst  the  most  important 
Lfldditious  in  the  descriptive  part  of  this  volume  nmy  be 
paDtntioned  the  investigations  of  Berthelot  on  tlie  saccha- 
ndes  and  mannidea;  those  by  the  same  chemist  on  acety- 
lene (which  is  identical  with  the  klumene  described  in 
1936  by  Edmund  Davj-);  the  glycols  and  their  ethers; 
the  amidic  acids^  the  study  of  which  has  explained  the 
Mtnn:  of  glycocine  and  its  homologucs;  the  organic  per- 
oxides of  Brodie;  the  nitroaulphides  of  Roussin;  the  re- 
searches of  Strecker  on  guanine  and  the  Ijiises  allied  to  it ; 
bvstdes  numberless  other  additions  to  our  knowledge  which 
are  incorporated  in  their  respective  places  in  the  body  of 
the  work. 

Since  the  appearance  of  the  second  volume  of  this  trca- 
tiBe,  Bunsen  and  Kirchhofi^  have  pubUshed  their  remarkable 
dtacorery  of  the  two  new  alkalies  Cicsia  and  nibidia,  to 
which  they  were  led  by  the  application  of  the  method  of 
spectrum  analysis;  and  the  observations  of  Mr.  Crookes 
by  the  same   method   have   rendered   it   probable    that 
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new  element  more  or  leaa  analogoas  to  sulphur 
:ists. 

The  author  has  again  to  acknowledge  the  Undnt 
3  friend  Mr.  Hadow,  who  haa  undergone  the  irk 
hour  of  reading  the  proof  sheets  of  the  entire  work 
IS  aided  materially  in  reducing  the  number  of  e 
Inch  are  almost  unavoidable  in  a  work  of  this  m 
id  extent. 

lkl^G'S  COLIXOS,  LOHDOK, 

November,  iStii. 
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PART    III, 
ORGANIC    CHEMISTRY, 


CHAPTER  I. 

IKTBODUCTOSY. 

}!.  Analysis  of  Organic  Compounds; — §  II.  Principles  of  Clasai- 
jiealion ; — §  III.  Metamorphoses  of  Organic  Compounds. 

{897)  Oroanic  Chemistry^  in  its  primary  signification,  is  tbat 
division  of  the  science  which  treats  of  the  chemistry  of  organized 
beings,  and  of  the  products  of  their  chemical  actions  upon  matter 
in  its  various  forms. 

It  is  important  in  limine  to  draw  a  clear  distinction  between 
organic  comjwunds  and  organi;:ed  bodies. 

Organic  componnds,  like  those  derived  from  the  mineral  king- 
dom, possess  a  delinitc  composition,  and  in  many  cases  exhibit  a 
perfectly  definite  crystalline  structure.  Bodies,  such  aa  sugar, 
oialic  acid,  urea,  taurin,  and  quinia,  belong  to  this  class ;  such 
substances  are  often  spoken  of  as  the  proximate  principles  of  ani- 
mals and  vegetables :  many  of  them  may  be  obtained  from  inor- 
ganic bodies  by  synthesis. 

On  the  other  hand,  organized  bodies,  such  as  muscular  tissue, 
nervous  structure,  ccIluHUj  and  ligneous  fibre,  never  exhibit  any 
tendency  to  crystalline  structure,  but  show  a  rounded,  vesicular,  or 
fibrous  configuration  ;  and  are  so  connected  with  eac)i  other  as  to 
form  parts  of  a  system,  each  of  which  is  incomplete  if  severed  from 
tlie  remainder.  Bodies  such  as  these  cannot  be  prepared  syntheti- 
cally :  they  are  the  result  of  the  action  of  living  bodies  upon  inani- 
mate matter;  a  living  body  having  the  power  of  assimilating  fresh 
particles,  acid  of  arranging  them  in  the  special  form  wiiich  charac- 
terizes the  class  to  which  the  individual  organism  belongs. 

The  study  of  the  chemical  changes  that  occur  during  these 
transformations,  constitutes  physiological  chemistry,  the  most  diffi- 
cnlt  branch  of  the  science.      Its  difficulty  depends,  however,  not 
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upou  the  obscurity  which  cmltronda  the  nature  of  life  iu^lf; 
iIjc  €s«cntiftl  nature  oicvcrj  dcscriplioii  of  fon-c.  antl  of  tlic  id| 
teriouH  ti<!  wliicli  exist"  betni-fii  matter  ami  force,   hiw  baffled 
peuutrution  uf  tlic  profuuudL-st  pbiloaoiihcre,  and  bc1otig«  to 
order  of  truths  to  vhich  the   human  intellect  pi-o1»hlT  may 
lie  [icriiiitU-d  in  tlii»  )i.j)tterc  of  ilM  existence  to  ntUiin. 

The  (lillicultv  iu  the  ritudy  of  tiie  chemical  changcft  thst 
in  the  liviDg  animal  or  plant  depends  rattier  uimii  tlio  exti 
delicacy  »f  the  iiirnugunivntH  tiv   nhioh  tlicnc  iiictiiinoq>liof>c* 
eOtiCtttd  ;  and  iit>oo  thu  cuoiplicatL'd  iialuro  of  those  arrangcmt 
whidi  are  liahle  to  ii^nry  from  a  multiplicity  of  causen  that  hi 
hitherto  diidi-cl  scrutiny.     Other  (UfliculticK  arise  from  the  facH 
with  which  importAnt  changes  arc  effcctnd  in   the  organism  it 
without  hcitig  appreciable  to  hnmsn  unise,  save  in  their  rc9nl| 
althutigb  (hey  mny  even  proceed  to  fur  as  to  occasion  death, 
ligature  of  a  lai-go  artery  or  the  acctiou  of  a  ncrrc  cGTccts  an  alt 
tion  which  can  he  at  once  appreciated;  but  when  an  animal  | 
poivoned  hy  r  fmction  of  a  grain  of  aconitina  or  hy  a  fen  drop«j 
hydrocyanic  acid,  thci-e  ta  nothing  to  indicate  to  the  anatouiat,! 
tlie  niicroocopic  observer,  or  tu  the  chemist,  the  mode  in  wl 
thc»c  hodii-M  operate  iu  Kuddculy  cuttiug  short  tlic  tifo  of 
auiiual.       The  orgnuisutiou   i*till  uj][h<ju«  to    he    [icrfect,  yvt 
liviug  iulioratory  no  longer  oontiiiuvs  to  perform  itx  wonted 
tious,  and  the  inauimate  mass  ftpcedily  falls  under  the  dotnini^ 
of  unlinury  chemical  law9<.      Iu  the  living  body,  orrliiinry  cbcmii 
&ffiuili(»  arc  susiKmded,  and  coupuuuda  are  prudticpd,  which, 
released  from  the  iiiHucnccA  under  utiich  thcj  originated,  qui 
undergo  fi-c»h  changes,  which  arc  mnnifi-iiti-d  hy  the  occurrciioei 
putreractioii  aud  decay,  to  which  both  animal  and  Tcgctable 
are  liable  nlieu  they  no  longer  form  part»  of  the    liting  frac 
Occauoiial  iuBt.niiecs  of  iti«tabtlity,  «omcvrhat  analogous  to  thtj 
exhibited  hy  organised  bodies,  are  Keen  in  some  nf  the  compot 
of  itiorganic  chcmutcry  ;  but  thi»  perpetual  tendency  to  chanj 
one  of  tbe   disliiiguJEliing  nud  csMriitial  characteristics  of  lii 
bodies.      When  the  plant  or  the  animal  is  prrfimiing  its  functit 
ill  a  hcidtby  raaiiiicr,  tlieae  changes  suoceai  iM-n.  ■  :h<-r  in  a 
and   regular  order;  hut   if  thia  sequence    '        :-  IiSmI.  cvcti   ■" 
slight  degree,  dbease  generally  cnitues,  e  1 1  i 
nocheii  a  certain  amount  or  degree,  dcatl 
orituhlc  eotucqiicDcc. 

In  the  pretM^Qt  work  tlie  ait^ntinn  Ot    d  i 
mciilcutally  dircctrd  tt)  thn  pbi,  - 
maio  olgevl  being  to  exhibit  ttn.  ,„^.,u^ 


111  u   tlie  a!t<  I 
.  .J  s|io«dy  nail 

'^  «W  will  hft  (ml 
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^^^^peraical  cxituponiifb  Itcar  to  earli  other,  nnil  to  Ince  the  lairu 
PPHV  fonnatioii.  £vcii  with  thi-»c  limitatioDs  the  subject  of 
pUmic  diemUtrjr  is  one  of  great  extent  aiid  oimplexity. 

yii^)  Orgttnic  protfacte  arc  composed  of  a  Hnmll  uambi:r  of 
ekovtit*  :  yti  audi  proilnrts  prcitciit  properties  as  much  oppuntti 
RH  (adt  other  u  it  U  possible  to  imagine;  soiae  conntituting  tJui 
4ai],T  fiioil  of  initii,  nllu-n  nctiug  as  direct  ami  violeut  poisons  :  yet 
iImvc  Tcry  differeot  Ijodics  rarx-lj-  consist  of  more  than  font  clc- 
■KBts,  riiL.  CArbon,  lij-drogun,  nitrogdt,  ami  oxvgeii ;  et  few  contain 
mir  <a9  of  snliihur  and  phoKphorus,  nith  certain  earthy 

.""'         -;  1 .cn. 

I  pn.'Mnuw  of  eaH»ii  it  so  aniforia  in  organic  bodies,  that 

^Bcnkll;r  one  of  the  must  cfmienicot  meaDS  of  aHCt'rtaiDiug  if  an 
PKnown  budj*  be  of  oi^anic  origin,  ia  to  heat  a  fragment  of  it  in  a 
tmiuw  test  tube ;  the  carbon  Is  tha«  ecpnrntcd,  and  the  substance 
pcoitics  charred  uud  lilai^keni-'d,  cxrfpt  iu  a  fev  caies  wheri! 
'"  r<^^:vrial  may  l>c  wholly  Tolatilizcti  without  undergoing  decom* 
SeviTol  of  the  cwcDtio]  oils,  *ucli  a»  tliosc  of  turpentine, 
*.(iji.  j'inijaT,  find  attar  of  roses,  consint  of  i-arhon  and  hydrogen 
iljr;  the  samu  may  be  ^aid  of  naphlbarui,  benzol,  and  the  illunii- 
tttDjf  eOD&titacnt4  of  coal  gas :  but  tlic  larger  number  of  organic 
xlies  ro»tain  Kirboii,  hydrogen,  and  oxygen  ;  this  occiiri!,  for 
unijilc,  in  Uio  cum:  of  Biigur,  acetic  a<;id,  alcuhol,  the  tUi:il  oils, 
id  lltir  greater  part  of  the  proximate  principles  of  rcgctablea. 
■dkch  is  Bupertdded  to  tliow  elementi>  in  many  iiistnncev, 
^kIi  Hich  cooipoandn  arc  of  less  froiucut  occurreucc,  except  in 
^mw  onfC^MteA  portioua  of  the  plant  or  auirosl,  such  as  the  seed, 
K-  iilar  and  other  animal  tissues;  nibnmcn,  fibrin,  indigo, 

B»,  ^.■..  ilie  >(.*gctaLlc  alkalies  gcnemllr,  contain  nitrogen  na  on 
Bttinl  i*o(nponcnt.  The  preacoco  of  nitrogen  may  in  most  cases 
K  I  d  rearlily  by  beating  n  «mnll  fragment  of  the  8ub«tnnc« 

K  >'— -  -'  itb  hydrate  of  potash,  vlica  a  distinct  odoar  of  ammonia 
l«rcci«cd. 

The  Organs  by  trhtch  these  v&rious  comi>onndj  are  produced 
ftp  contain  small  qaanlities  of  salb>  of  the  olkolicji  and  earths, 
■liMg  which  tlio  compounds  of  jwtaiiviiim,  aodlum,  calcium,  ami 
famiain,  in  oiimbinatiou  with  chhtrinc,  and  with  sulphuric, 
bhoric.  and  silicic  8£id.t,  arc  the  mo^t  frequent :  in  rarer  cases 
|pi  of  iron  am)  miugancsc  arc  met  with,  and  iu  still  rarer 
Aanres,  duarinc^  iodine,  and  bromine.  The  presence  of  ccrlnin 
'.;  .^..  ...1.,^  Iitxlire.  »;i|H;ar«  to  be  a  condition  as  essential  to  the 
'  iTty  of  the  groning  plant  or  animal  as  that  of  carbon, 
I ,  or  of  oxygva;  for  no  org&utx*^  tissue  lias  cTer  bWtt 


■sa^5 li^ 

Kdf  Atse  saline  subHt&iicrj.     Besides  tli 
«f  MBBBK  {inKluctH,  tlic  clicmlftt  otlea 
^K.«ki»«nts  for  tlie  purpose  or  dissecting,  m; 
of  Asccrlaiiiing  tlie  probable  rstic 
ij»  hmtf  swler  cxpcrinicut.     With  tbU  new 
lui^H  rontaiu  auli>liur,  |>lio«>^i1ioi 
nitKHis  acid,  or  sulpliuric  acid;  or 
..■b  umhh:,  aotirooriy,  zitic,  autt  a  rarictj 
-Ooccd  into  tlie  oripnnl  siiltsUnce. 
._      .,  imMyMit  Compounflg. — Miiriy  dwtinguieh< 
^>;w»  <*w  •i*«»i>ti'd  t»  draw   the  tine  which  sej 

Mw^v  clM'niii'try.     Thiu,  T^iirutit  )\an  termed  o% 
•  ■  .4i«»Utrr  of  carbou,'  and  Liebig  hs<i  deJiti^ 
.  ..miioiiud  rodiclca.'     Fcir  (lerMitiii,  bowe 
Uauietit,  to  coii«ii)er  coj-bonic  acid  as 
„.  .1  maiir  cboiui^U  ivgard  itulphurous 
"l  raBllriik— *•-  X  romiKmad  iiiof^anic  aubatanoe,  as  tbe  d 
rK\n>.  n:riv»  of  Iwdira  of  inorganic  orif  * 

.     ^^  .^  __^  ,,..  .iclinite  liuc  of  dcm&rcatioa  betn'een  ic 

CA^   Mm ir  MudnctK.     Amongst  the  productiouBoTorgiots 
-^ijj^H  mJo,  sod  ollirr  liixlicN  nrc  mtrt  ffitIi,itiiDil 
*4a«^MMM  to  Oi&Ki  durivwl  from  itiiuiimate  nntiipc; 
nbcn  once  formei],  arc  subject  to  prccia 
;tw>  a*  tboM  wbich  irgulatc  tie  coiubiuatit 
..r  o/boilics  eoiife4*edly  iuorganic  ;  but  tlic  COD 
fk>m>rr  being  geuerally  much  more  complic 
-   r,  tbc  balance  of  nflinity  in  orjjariic  bodil 
l,;^r  callow;  and  thi-re  arc,  coiinOfniirntly, 
af  [trciducta  gciicrnit«d  by  sUgbt  moilificatic 
.    ^  ti)  wtiiub  orgaoic  »uWtanoes  are  subjected, 
.ioiice  B&kc,  it  i»  AilriKable  to  classify  cliviuk 
lupanuru  accurdiug  la  Ibeir  origio  ;  since  tb 
f  utorgauiv  world,  from   tlic   grmtci'  tinitiltcity 
'     alTonl  to  tlio  stiiclciit  tbu  must   f:t>    '    "'<U' 
;•  liie  fundammtnl  laHRof  cliumii 
ds  to  itic  inrcstigatiou  of  tlic  K 
.,  .,.1111  operation*  of  tbc  lining  rc^f.-      .  -lu 

<Mt.  (if  iir^anie  comjiauHda  knonn  to  cIu^d    ■!■  a  rt 

i:  ■■■;ii!ly  iiiriiiT;;!.'!!!^  iiiat" 

:.    ,,   ll     .t:ili>llj^nt     ibflll     lill'l"' 

.'im,  ntid  polymcritini  ^41  v 
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Kmcd,  can  ovXf  lie  accounted  Tor  tijr  supposing  tliat  differences  of 

ifc«iMaI  amHigvincnt  oocur  iu  tJicee  tiiflcieut  ciwcs,      It»  iome 

niTiiiicn  »  mCioiinl  tioii  of  the  cnusc  nf  Jiffcrcucc  may  bo 

gimi,     A  familiar  i  .— ^j  .■,    in  alToriiefJ  in  the  case  of  tho  tbreo 

BKtiiaiCTidCT,  propionic  aciil,  acetate  of  mctliji,  aail  formx  clher. 

i-s  «rc   liquids,  racli   of  which  contains   0|,llgt  ^  they 

_    _,  _  _!_id  of  the  same  ilensitv,  the  latter  two  even  hate  nearly 

(iwnmt:  boiliug  poiiit  aud  epecillc  gravity;  but  there  cau  be  uo 

l&ialit  tliftt  tlir<r  arc  nil  (iiffvruutly  ci>DBtitute<l.      FfO|iioiiic  ncid    is 

law  of  the  nciiis  of  the  stearic  sftrie*.     The  ncctate  of  methyl  is 

pvporei  by  lUe  action  of  acetic  acid  upon  wowl  spirit,  and  acetic 

\tai  nav  he  r\trs(-trd    froiD  it  by  tucans  of  an  alcoLolic  solution 
jtash,  wluUt  wwd  sjiirit  ia  lilieratoJ  ;  formic  ether  is  the  result 
''aa  actiou  of  fonnic  acid  upou  oriliiiary  alcohol,  and  when  treated 
iih  putub   in  the  same  way  as  the  acetate  of  motbyl,   h<rtTay» 
urigin  by  yielding  formic  acid   and  nicohol.      Kacb   of  these 
iba  niunt  therefore  be  rcpnjsentul  us  pocwcissiiig  a  different 
Bolecnlar  cottsdtudaa,  thus: — 

TonmUttOitr. 

c;h.o.cw=c.h,o,. 

In  other  cut*,  »ucli  for  example  aa  tbe  ordinary  sugar  of 
'  ■  <  .),  no  reasonable  hypothesis  of  iu  composition 
..  -■.]«.. til ;  yet  we  kooff  of  the  existence  of  several  bodies 
wtncnc  witb  it,  such  a*  liydmtod  lactic  and  acetic  acids,  for  which 
ntltmal  formulie  (iSi)  are  in  common  tiee. 

'■>fu  ia  mbstancs*  of  comparatively  simple  composition,  the 

V    of    framing    a    conelnvive    theory    of   tJieir    molecular 

kXcmcnt   ia  very  (treat,  as  may  be    seen    by  inspecting    the 

ring    table,    whicli    represents  a  few    of  the    views    which 

bccD  tiikcD  nwpceting  the  nature  of  hydra  ted  acetic  acid: — 

*','*i'^.  ■  •  Hydrated  Acetic  Acid.     {Empirical  formula.) 

lljjO,      nydratcofTerosidc  of  Acetyl.  (Liebig.) 


^t"i- 3J0, .     .  Watei-  type  theory  . 

nO,tC,HJG,0,  Methyloxalic  Aciil  . 

HO,t\[CjH0O,  Mettylformlc  Acid  . 

■  *     .  Biliary  theory 

.  Nudcua  theory. 


.  (Gerbardt.) 

.  (Kolbe.) 
((Wiirlj.) 
"(lOcrhanlt, 


09  oUANic  coumcxus. 


'AiM^Br  bn  bonie  iu  mtuil,  Uitt  ooajccturcs  eudi 
ixoal  UTaiigeiDcat  of  organic  bodies  do 
iJM^'"'"—      ^^'c  CDUQot,  indeed,  sfsert  jicmiUvel^f 
•^f  *dttf  actaal  groupiug  of  tbc  compoiiimt  atoi 
•y  ntfer,  with  rensoDabte  conlidetiRe,  tltat 
•iUA  d  BMkf,  h  similar  in  ftllicd  or  homnlogc 
.-jf.     Tke  lalioiuJ   formula:  which   cmlxMiy  ihc 
t^MvAvV  be  rcgu-ilod  simply-  in  the  light  of 
^^  'if  wkieb  (uts  m&f  be  riveted  upon  Uic  mnmor 
Uut  othcnrisv  would  r9Ca|)c  the  notice 
BHU  W   cncvtl  i  aiid,  alxive   all,  as   iiiKtrnmcuts 
w^begirento  our  idtas,  which  ts  »o  cs»eiit 
tdroooeincDt  of  aolid  philosophical  kuowle 


^  t  t>v 
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AmaLtsm  or  Oroanic  Coupocmds. 


AnmlgfU. — III  the  onslj-Ms  of  organic 
ifuAtfWT  "^  prv*ealcd  to  the  cheiui^t  for  »uluttoa> 
fMAf  itS  t^  Bi^'  "•  '°  separate  the  proxiinst«  compouent 
'    <.v  unimal  product  rram  each  otiier  ;  whilst  tT 
i«lo  dciiTtiiinc  the  olernvnUr}'  coRi|x)sition 
.'••  ihtu  isolnted.     The  separation  of  whi 
,  gluten,  ligueous  fibre,  and  oily  mat 
li^^ia^KV  i»("  p***^"*"'^  analysii" ;  hut  the  dctcrminatioD 
hirh  t]ic  carl)oii,  hj*drogt?ii,  and  oxygen 


i^f  ^fr  *<^(^a** 


«&«>> 


nw  if«vN\iMwi«~ 


r»*4»* 


,.iiit  >ureh,  w^T,  or  fibre,  furnislics  an  iUt 

■  hr  uftiiniite  orgnnic  aanly&ie. 
u,.^U<iji  of  an  nrgiiuic  Mimpouiid   ia  ofteu 
uatler  of  ^rcat  dilEfulty.     Tho  first 
«as    gtiicrally    consists    in     the    coDQpl 
dt^icctitiau  of  u  given  weight  uf  the  subj 
atancc  under  examiuatiou,  by  exposing  U 
tu  a  temperature  of  from  1 1  i"  to  250*  in 
U'otrr  ui-cN  or   hox   of  nhui-t  coppt-r,  ma 
(](Mihlo,  M  shown  in  fig.  3,i;i ;  a  being 
njKTturc  for  the  iotroiluctioii  of  ail  or 
«iiit.-r  into  llie  intcnal  between  tbecxle 
•lid  iiit«ninl  plaLc«,  the  lemperntiirc 
rt'gulntcd  by  u  ihcrmoturU'r  iulnidua^ 
A,      Tito  luM  of  weight  which  the  euhi^l 
uiidcj'  examination  cxpcricnoc*  during 
drying  cau  he  nocuriitfly  asccrtainal  whf 
'^tfi"!*       ^f^  ^^  Hi*tcrial  U  thco  putverinij,  aijd  anbjectwl 
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llfac  acttou  of  Kincnil  aolTCnts  in  succcuion,  sucli  as  etlier,  alooliol, 

water.      A  cotiv«uieiit  u]i|Kiratiin  Tor  tlic  digestion  of  llic 

iCCfl  for  AiiAlvsis  in  tlicse  mf^ustrua,  li  sliown  iu  fig.  3J3  : 

IS  M  glnu  llfisk  containing  the 

lifind    to   be   einjiloyetl  ait   the  hoI- 

Vtet :   lliie  can  be   kept    to     steady 

ebolUttoD    liy  meAiiR  of    the  lamp 

Uoatli.     »,  is  «  tutM!  of  glass  or  of 

lin-plxtv,  in   the  eoiilraclrd  portion 

lOf  «tuch  is  a  plug  of  cotton  wool, 
;  in   thh  tube  the  aubstaiurc  for 
If  ns    is  to   be   placml ;    d,   la   a 
lateral    tube    to    which    tlic 
e,    of    glus    or    of    flexible 

inrtal    ifl    attache*!.     The    tube    e 

iboald  be  kept  warni,  by  enveloping 
in  flanarl,  with  a  view  to  prevent 

tiie  premature  coiKleiisatinn  of  tlic 

npoiir  wbich  riiics  from   the  Hksk. 

II   it  A   Citwplatc  oonilcuser,  vliicli 

QUI  t)c    (lllci3   nith   water;   hy   i*  a 

fimnel  for  couTcyitip;  cold  water  tu 

the    bottom    of    thin    Tcfrigerator, 

wluUt   the   hot   water   tIoii«5  off    "C 

(tie   spout  above ;   tliroiigh  the  asJs 

of  H  pastes  a  tube,  g,  open 

U.   boLb    cdiIm  ;    the    lower 

[nrajeeliii^  ettfeniity  of  tliis 

tatic  U  fitted  by  a  cork  to 

the  top  of  the  tube  a.    /is 

s   worm    tube,    tlte    upper 

ntrctnity  uf  «bicli  pasfcs 

Enough  the   aide    of    the 

nb\^rr»ior^  and  lit  aiUpted 

by  a  oirk   to  the   tube  e, 

tkil«  it»  lower  csirmiity  is 

uU«t«d  to  the  tubu  g,  into  which  its  contents  flow  after  they  have 

boni  condeiucd  in  tb«r  passage  through   the  refrigerator.      It  is 

dlffioQK   that  \iy  this  nrrangemcnt  a  {)erpclual  distillntiou  of  the 

liquid  iu  the  flaxk  a,  may  be  readily  maintained  ;  the  vapour  which 

fSMc*  thniugh  the  tiilic  i",  beeomes  coiiilenticd  in  the  «piral  tubfi/, 

tod  peroolates,  in  the  liquid  form,  through  the  material  contuincd 

CD  B,  carrying  the  soluble  matters  into   the  fla«k  a,  where  they 


-*&^ 


a  BOLTENTS    V8KD    IN    PROXtUATE   AMLT8IS.  ^^^H 

graduall]*  accnoiiilate.     If  the  cnnptofmvat  of  metal  be  iiuB 
eaM  o1fjcctionn1>1c,  glnfts  ycmcIx   may  be  UKcd,  bin  thcjr  aro  mol 

[Ingilc  «nd  more  costly  tlmn  tlioso  madcof  tueUl. 

ElUer  is  particularly  raUiahlc  as  a  solrcnt  for  fatty  auliKtnncd 
and  fnr  caoatcbouc  and  cainplior ;  nlcoliol^  for  tlic  solulioo  of  ntu 
ftrystallizahle  organic  principles,  aiicli  as  tlic  ve^ctalilc  nlkalia 
Triiilst  water  diKM)lve8  ^^S^^i  gii<n>  ttarcb,  and  otlicr  liigbly  oxidial 
bodies,  whicb  arc  nearly  ioiiolulilc  in  alcohol  and  in  cthor.     1 

Laome  casi-n  l>cn9col,  In  otberi*  clilorofonii.  Is  a  valtiablc  solvent,  u 

'may  be  iubntituteil  for  ctber,  wliicb  tbey  mo«t  resemble  in  tbd 
wlvcDt  action.     In  particular  case*  dilute  adds^  and  in  QtlM 

,  dilute  atkalifit  mny  lx>  cmploycil,  hut  they  miut  be  uftd  ml 
CBUtiou,  since  tlit-y  arc  liable  to  act  uot  merely  a»  BoKeuts,  U 
also  to  produce  itnporLant  cbcmical  cbno^a  upou  the  couipooiil 
i>ubni]tte<l  to  tbc-m.  No  gcnerid  rule  can  be  laid  dotfo  for  11 
extraction  of  the  dllTerenl  [imximfttc  principles ;  each  class  \ 
aubntancen  requii-ing  special  modilicatioas,  icliicli  upcricnce  aki 
can  ludlcnte.  I 

lu  all  cases  of  proximatA  analysis,  the  employment  of  tl 
microscope  niti  aObrd  invaluable  aid  irhilst  watching  the  prograi 
of  iht  ^vpnintlou  of  tlic  vnrioiit  pr!iirl|>]«t,  nnd  in  enabling  tl 
operator  tn  riMertain  whcthw  or  not  the  fiubstaneca  which  \ 
has  isoliitcd  arc  mixed  with  other  bodies  which  may  rt-wmU 

L  them   In  chcDiioal    hfibitudpB.     AVbcn   n    BuWliince  or   ■■ 
«»iime3  the  cry«talliac  state,   each  an.  examiaatioii,   b;     _   -j 
ing  the  similarity  or  difference  in   fonu  of  its  compoueut  paj 
tides,  is    often   more  valuable  for  iiscertjiiiiiTijj  the  purity  ofl 
Kubfttaiicc  than  the  ukc  uf  onlhiary  ehemicul  reiigents.  | 

\  It  fntiaratly  happens  tliat  two  or  more  lubstaiioes,  of  diSera 
degrees  of  solubility  in  the  same  racnstrniim,  occur  i- 
in  such  a  nisc,  if  crystal lizablc,  they  may  often  ho  ±.,^._l;! 
by  rqN'Ateil  rrvtttallixalioiiH,  <»irt!  Iieing  taken  always  to  scpon 
those  frystnlB  nbieli  ore  first  deposited  from  tho«j  i»hich  s 
furiuvd  sMb»e<|iiL'ntly  :  by  succuwivc  rocryMlalliziitiunci  of  the  fin 
portions  from  each  erop,  tbo  least  soluble  cumjMUUil  tnay  J 
tihtwned  in  a  state  of  purity.  In  other  cases,  if  the  difiert'iit^Mfl 
prniods  yield  precipitates  with  the  same  rcngvtitj  hut  dill^H 
the  degree  of  their  nlRnity  for  it,  a  separation  may  be  cnH 
by  adding  a  i|Uiuitity  of  the  prccipitunl  luxiillicitiit  (o  Con 
down,  for  example,  more  than  nuc-hnir  of  the  nmntint  of  the  wtt 
staneea  that  may  he  pn-«eiit.  Tbc  Miti  of  silver  or  of  lead  o'i 
ihiut  be  added  to  tnixturcs  of  Tnrious  orj^attic  acids,  pnrticflll 
to  such   ss^  like   the  fatty  or  (be  rcsmoos  acids,  greatly  r<->^M 
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Other  in  properties.     Ttie  precipitate  is  theu  tuspcDclcd  in 

r,  nud  dccompoecd  liy  means  of  sulphuretted    lydrogcn,  or 

dilute  niiiieriLl  tic-id,  in  nnler  to  ■cpAnitv  the  inctnl,  and  liberate 

tbe  acid,  wliicli  U  agaiu  aubiuitli^d  tu  n  similar  iucomplctc  pre- 

cipitotioD ;    aitd   this  (iroo^ss  is  re|>eatcd  until    the  fusing  point 

Wcome*  ronstant,  or  till   wiiic  otbcr  guarantuo  of  tlie  puntj  of 

i«  body  is  obtained. 

la  the  rectifiration  of  mixtures  of  volatile  liquids,  analogous 

rinople*  are  uct^l  upon;  iit  tlicso  cases  the  hoiliiig  point  is  tbe 

idff.     "nif  liquid   is  placed  in  n  retort,  into  the  tubiihire  of 

bich  a  thenuointter  is  rut«:d,  and  the  tiimpcrnturc  ia  raised  till 

V  Iinni<l  boil».      So  long  as  the  tcmpcralure  of  tbe  I)olli»g  liquid 

ottuuc^  to  n««,  tlie  suliatanoc  which  distils  mu»t  consist  of  a 

nuture  ;  bnt  as  soon  w*  the  point  of  chnllition  Itccoines  nciirljc 

«tal)cnuirT,  the  dislitlatc  mB.y  I>e  auppOt»ed  to  bnvc  a  coraposilton 

rly  imiform  ;  and  by   rectifying  again  thoac    portions    which 

mil  at  tlie  same  fixed  temperatures,  the  ditferent  componfuls  of 

a  mixed  liquid  may  be  obtained  iu  a  state  of  purity.     Tliia  pro- 

rCeu  a^  fractional  ditttillntion  ts  wdU   ailaptcd  to  the  separation  of 

nids.  tbe  boiling  poinU  of  which  ditt'er  considerably  from  vnch 

other:  but  it  vt  muck  less  Bnti^factory  itheii  they  are  within  20" 

y>^  of  wifh  other. 

Lifbig  has  npjilicd  a  modification  of  this  method  to  tbe  sepa- 

ntiou  of  ccrtnin  Tolatile  actds  frum  each  other ;  and  tt  may  be 

employed  generally  !u  awib  ea,»e*  with  advantage.     This  process 

coBonu  tu  saturating  3  portion  of  the  acid  liquid  with  potash  or 

vitli  toda,  and  then  proceeding  uitb  the  distillation ;  the  more 

■oUtUo  add   passes  o*cr  with  the  distillate.      Siipposo  that  it  be 

deured   (o  effcet  the  separation  of  butyric  from  valeric  acid ; — a 

certain  amount  of  [lotash  is  added,  and  if  this*  be  more  than  sufU- 

tieut  isi  «inratc  the  yalcric  acid,  the  distillate  will  cousist  of 

butyric  a^id  Didy,  nliile  tbe  residue  will  be  a  mixture  of  valerate 

and  hutyrate  of  potash.     If,  ou  the  other  band,  tlie  valeric  acid 

banore  thiin  sullieicnt  to  saturate  the  potash,  the  roidue  in  tbo 

retort  will  coitsiHt  of  pure    vulcratc  of  [>»ta»h,  and  the  distillate 

riU  be  a  mixture  of  butyric  and   valeric  acids,  nliicb  may  be 

M^arstcd  by  a  repetition  of  tbe  »ainc  ppoccas. 

(501)  VUita^ile  Anaiygi*.- — Before  proeeodlng  to  the  ultimate 
ualysU  of  ft  body,  it  is  necessary  first  to  dry  it  carefully,  either  in 
tile  «sC«r  oTcn  (900),  or  by  uieanii  of  an  apparatus  similar  to  that 
•howa  iit  fi{j.  3jj^,  in  wliich  a  rcprew-nt*  a  bent  glass  tube,  for  the 
meption  of  the  saitttanoe  to  he  dried  ;  b,  is  n  vessel  of  gla*s  or 
rf  metoi,  coatainiug  iraler,  or  some  saline  imlntion  j  c,  an  aspi- 
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I i-v  wliich  a  current  of  itmodplicric  air  cau  be  main 

I.  ,  tlio  Bitiiaralus i  aud  v,  a  beul  tube  filUd  wiOi  rragmcnU 

pumice  •  »' 
Fio-354.  soaked  io  oil) 

Tilriol,  for  df 
iu^  ia  the 
as    it    ent 
Tbe  dtttiL 
tni»t    1)e    Ml 
tinucd  H3 
as  tbc  taW 
ccaaes    to  k 
weiglit.    ir 
dcfticcation 
cfleeted   in   tl 
water  uven, 
cajwale  or 
ciblcwliichi 
tains  the 

Htiiittl  liiMst  tin  allowt-<l  to  raol  nuilcr  a  lirll  glon,  over  a  dish 
\\i\    lif  TlMlt'l,  nml   nmst  Iw   kt-pt  covered    wliilsl  being   «cif*  " 
\n  inilfl'  <••  |>vi<tt<iil  tlip  nhMqition  of  moisture. 

(ytii)  lirh'rmination  qf  iht  Mineral  Components.— If 
\n\mn\  •illMdUin'*  lio  pifftent  in  the  con"i«mnd  under  rx&mra 
UitMi  Hit*  iiiniiiMil  uf  thvav  must  be  ascertained  \ty  the  inciiicrall^ 
til  H  «cli<)»-d  iiiiAiility  of  tbe  material.  Tfais  operation,  simple! 
11  ,  ,  .ir,  U  Hiir,  the  c*act  jierformaucc  of  which  16  aiicr 

g„l, , ..I,'i'«lilf>  diRtiMilty,  whieli  aiii-cs  from  llie  partial  volntilil 

M\M  nf  Itit'  alUlltio  nbloridcs  at  a  red  heat,  nnd  tlie  reiluctionj 
|lti.  ail  I  idi  II 1 1  •'I  In  lli<^  f"rm  uf  sutpliidc$.     The  incineration  &hi; 
1)1,  r   ■   <      <itviii}«  \ni  iivrforiucd  at  a  low  temjicratare,  which 
m,,  I   It  imrrly  i-lniblo  red,  but  tuust  be  proUmgwl  for 

luHl*"  ''  ''"•  '"*'"  ^'^^  i'uniicratiou  be  coimiiiL-rablc.     C':i 
H     ' 

\\W  Kl  ' 
III!     Il 

iiiiniiMly 

Utiii*.  n<i> 


■■  in  a  llfKii  tiumlicr  ufcaaco,  bi:forc  ini^ini.^.-:^..! 
.Lin>ii  Willi  liilaU]  nitric  acid,  hy  which  means  al 
-  insy  li(-  cstmctfil  lu  tlie  w)luWe  tor 

i„    1         -      .'ililu   porlion,   scarcely   anytliing  i» 

k>>a  anil  a  aunall   quuittity  of  |»roiide  of  iron, 
iif  anlinp  ninttcra  tliua   obtained    always   vn- 
tiy   (hv   fnnniir   met  bod  ;  linet;  in    the   digc.';-i.i. 
I    iha  lou  ori-iutiuned  by  rodttctinn  of  tbc  anlphatu 
llir  (inrtiiil  '  11  of  mlphnr  fTom  Ihr  i-   ' 

(.■atniitin   "o  fi>rn)ed,   is   _..:...i_.lj  the  pi-^i-Hfilrm  of  Mijjii.,.;.^. 
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lahaineil  is  therefore  ajw&ye  biglier  wbeu  nitric  acid  is  used  a»  a 
inarj   to  mcioentioa    lliaa    nlieu    simple    tticinerotiau    is 

(yoj)  Siuce  tlic  four  elements,  carbon,  hj'clrogeiij  oxvgen,  and 
constitiiU)  the  bulk  of  most  orgauic  iubstouces,  the 
ioo  of  organic  nnaljrsis  resolves  iteeif  oauiulv  into  the  accn- 
qiHUtdtativc  (tctcrtainntion  of  tliesc  clcmcuts.  Wo  are  in- 
to Gay  Lussac  and  Tlilimrd  for  ttie  fuDdamental  principle 

.  regulates  our  oiicTatious  in  ibis  resiwct.  The  proeeas  pro- 
foied  li;  tbi-m  htu  siibs4.-quently  been  nioditied  and  !in[iruv<.-<l  bj 
mutr  cbemiAtA,  cspecinliv  by  BcntetiiiEi,  I'l-out,  und  Licbig,  and  it 
vaa  by  tlie  liut  named  eminent  iiliilueophvr  tbat  tlie  metliod  bow 
ia  gmcral  xue  was  coit'.lved. 

The  object  of  tliin  operation  being  to  determine  the  relative 
fnportioii  iu  nluch  cad)  of  tlie  tihiinale  elements  existii,  it  Iw- 
cooe*  DCeesMry  to  tbe  succie4a  of  nuy  aualyticul  process  tliut 
tli<»c  clemcuts  should  be  pracuncd  citlicr  separately  in  a  state  of 
parity,  or  in  the  form  of  definite  romponii(ls  that  can  eiiHity  be 
GoDected.  In  pnicticc  it  has,  bi:cn  found  most  convenient  to  sup- 
ply the  substance  to  be  analysed  itith  a  quantity  of  oxygen  sujli> 
(ieot  to  convert  the  carbon  which  it  conlains  into  carbonic  acid, 
lail  the  byilrogeu  into  water ;  arrangcmciita  having  been  made 
far  ahiorhini;  the  carbonic  acid  by  meaua  of  s  known  weight  of  a 
tohition  of  iwtaeh ;  whilst  tlic  vntcr,  by  passing  it  orer  a  sub- 
lUuoe  that  has  a  powerful  attraction  for  it,  aucb  na  chloride  of 
(alanm  or  piimioc  moistened  with  Kulplmrie  acid,  U  coHcetcd  and 
ic^bcd  ;  tbe  nllrogcn  is  collected  and  measured  iu  the  form  of 
lat,  o»er  mercury. 

In  certain  cases  where  uitro^n  is  pre«cnt,  the  substance  to  be 
UU^acd  niuy  be  mixed  with  hydrate  of  soda  or  of  poLaflb,  and 
WaUd  :  all  tbe  nitrogen  i»  thus  converted  into  ammonia,  iu  which 
Ions,  like  carbonic  acid,  and  water,  it  admits  of  being  weighed. 
It  u  ea«y  ta  Imd  hy  calculation  the  weight  of  the  carbon,  the 
kjdTpgen,  and  the  nitrogen  respectively  contained  in  the  carbonic 
idd,  the  water,  and  tbe  ammonia  collected.  When  the  propor- 
ban  of  saline  matter  has  bren  determined  by  inrineratiou  of  a 
portioQ  of  tbe  nmas,  the  quantity  of  oxygen  which  the  aubstaaoe 
EDatnm  stay  be  known  by  deducting  the  united  neigbt  of  the 
cufaou,  the  hydrogi-n,  ibc  tiitrogeu,  and  the  ftalts,  from  the  total 
nighl  of  the  body  analysed ;  the  deficiency  (!^uppoHing  sulphur 
ud  pboapborus  not  to  have  been  pre^eut)  is  reckoned  as  oxygen. 

Scmpuluui  attention  to  the  purity  of  the  miilter  aubmittcd  to 
igH^d^l  uf  courvo  of  i^riiuary  im^iortance,  a  very  slight  Mtmix- 
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iMumit  being  suflicu-ut  ta  vitixU:  Uic  COW 
:li«  cjtpcriuieiiti.      Having  lijr  «tituUi 
..Mw*  titk^  j^cy  of  the  eufwtance  to  be  ntiaU-' 
.<  -—ora  ^bi  complete  [lv»iccalioa.     Solids  sIk: 
".  (9Qo).     Volalite  liquidn  llist  wt 
>!»tmM  l>c  ftllowcfl  to  stand  for  two 
Its  of  fuspil  chloriile  of  calcium; 
-:itol  on<l  <l!»:iltcd  ia  n  stuall  retort. 
A  m  ^t  c\»minBliou  of  fats  or  fised  oih,  it  m: 
-uL  M>  dcv  tbe  material  in  a  n8tcli-gla»8  placed  i 
>tLlh  gr  ID  tlie  liot-irater  oven.     Tbc  furtbcr 
^ftiyit*  will  raiy  iK-cording  to  tlie  form  and 
k.   i.i!v,iiucc  to  1w  examiued. 

.  tbo  methods  of  annlysing — 

tibicli  (Iocs  not  contmu  iiitrogcu. 
,•.>.•',  wliicli  ilocs  not  contuiii  nitrogen, 
k  ...iMaiwc,  wbicli  Uoctt  coutaiii  nitrogeo. 


t^^gtis  <if  a  Solid  not  containing  S'ityofftn. 

^.•  ivnibiistiblc  wUicli  is  gcncndly  u&cd  iu  tin 
>*  tK4n<iMl;  it  is   very  mansfjeftUe,  but'  tlic  tluitt 
U  i«  tniublcsoinu.     Hofiun.iiu   has  lately  coDtrif 
^v  iv  »W»v'ti  (t^s  i&  made  luo  of  as  a  fuel,  aud  which 
■Miytfltf  lMti**>">bly.      {Q.  J.  Chem.  Soe.,  jd.  33.) 
'V%w  bMl  fbnn  uf  furnace  to  be  used  vitb  cbarcoal  ia 
,,)lvif  M  4,  t|t>  3JJ  :  it  ift  made  of  stout  iihcct<iroa  bcut  inl 


Fio. « 


mI  •  inMilth,  open  at  oeio  end ;  tlic  plate  which  doHc 
IkM^  *wl  >■  iHriroi  uttd  with  ftn  aperture  threu-quaniTs  of  m^ 
[t  '  "  "  the  coiubuHiiuu  lubej 

'ic»  wid43  at  lop,  jj  m 
.»imI  J  \wi\n  hiffb.     TranivenD  aliu  are  miulo  aim 

of  air,  nnd 
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liacbbtgh,  tenninatingiu  a  cottcAve  edge  above,  for  tlic  support  of 
Iw  combustion  tube.  During  tliu  o^nttioa,  tlic  apparatus  ma; 
W»t  Du  bricks,  g,  g. 

I  The  tul>e  in  which  tlie  mixture  is  burned,  tlic  combmlion  or 
Wflmi  tube,  (ft,  b,  c,)  should  be  about  15  inclies  long  and  balf  an 
{nrk  in  ilititnetcr,  made  of  glss^i  of  difficult  ftiiiibilitv  and  tret;  from 
kki! :  the  Uanl  Bolieiuian  glas^  answers  the  porpoise  purfwlly.  The 
tube  mar  on  certain  occasions  be  drown  out  into  a  fine  but  strong 
tail  bent  upward:!  at  an  obtua«  aiif^le,  and  the  mouth  should  be 
aiaootbcd  br  making  it  n'd-hot  in  the  flame  of  the  blowpipe,  so 
tiial  a  cork  coed  not  bo  torn  in  adjusting  it. 

Tho  WMter  i*  collected  \n  i\  l>eiit  tube,  e,  filled  with  chloride  of 
leium.  At  rf  i»  a  finiall  bulb,  iu  which  the  greater  part  of  the 
iter  ia  condensed  ;  it  may  be  cmpricd  from  time  to  time.  The 
ide  of  calauin  with  which  the  li«nt  {loi'tioii  \»  fllleil  inu^t  not 
fot-ed,  but  should  be  prepared  merely  by  evaporating  the  &olu. 
tiua  uf  the  chloride  Us  drynciui  by  a  Htrong  sand  heat.  A  porous 
otasa  is  thu«  ohtiiiiicil,  which  doc«  nut  eiipand  by  absorbing 
mouture,  as  the  fused  variety  doe»,  to  tlio  destruction  of  the  tube 
tkat  containa  it.  The  'cork  throngb  which  pas'^es  the  bent  tube 
bj-  wbicb  it  is  connected  with  tbc  potash  bulbs,  f,  sliould  bo 
Irimmcd  clo»e  to  the  lar^e  tube  ami  euvtxcd  neatly  with  inched 
Maltng.H-ax ;  aud  Isistly,  air  should  be  drawn  through  the  ap- 
paratus by  the  mouth  to  a»n;rt.ain  that  no  olx^truction  esittts. 
Pumiee-stouc  nwintciH-d  with  coticentraU-d  sntphnric  nciil  mity  ho 
ailTiutlageoiuly  substituted  for  chloride  uf  eulcium  in  the  drying 
tube. 

Tbe  connection    between   thiK  tube   and  the  retort,  a,  b,  c,  is 
eireted  by  cncaii^  of  a  sound  clastic  oork,  which  is  made  to  close 
ic  moulh  of  tbc  tube  accurately  ;  it  ia  pierced  with  a  round  Ble, 
fitt«d  firmly  ujton  the  6)ic  tube  proceeding  from  the  bulb  d  of 
(Irj'in*  IuIm*;  the  oork  in  dried  ou   the  »aud>l)ath  immctliatcly 
the  apparatus  is  mounted. 

e  soliiTioQ  of  potash  employed  in  the  bulb  tube/,  nhoatd 
a  »p-  gr,  of  from  l'25  to  ra?,  and  must  Ik;  renewed  for 
expf-'rimcHt ;  the  portiuus  that  have  beea  uaed  may  be  put 
mid  afterwards,  whcu  sulUcicnt  has  been  collected,  may 
bo  reiideml  caustic  in  the  usual  way  by  me»ii»  of  quicklime, 
thr  free  end  of  the  jiotash  bulbs,  a  tube  fi,  filled  with  fragments 
of  hydrate  of  pota<ih,  is  adjusted  by  means  of  a  cork;  this  i»j 
weighed  with  the  bulb*,  nod  \*  employed  to  dry  the  uttrogCD  an^ 
other  gaga  which  escape  during  the  cour^  of  the  analysis. 

Tbc  ootupouud  commonly  used  for  supplying  oxygen  to  the 
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tulntance  to  be  bunicJ  U  oxtde  orcoppcr ;  tIi!soxidc  reailily  tin[ 
oxy^n  (o  ctHubastibtc  maLtter  wUicIt  is  in  coiiUcl  nitU  it, 
vhcQ  lic&ted  alone,  it  Iwars  a  very  ItijgL  tcmpcrsture  «U 
being  <tocoiii[x)M.'il.      It  la   best  procured  by  dii«oIving  copf 
pore  nilric  acid,   evaporating   to   dryness    and    dcwmposii 
nitrate  by  heating  it  strongly  in  an  earthen  crucible, 
u  to  be  kept   up  till   reA   fumes  cease  to  appcnr;  if  the 
too  great  the  oxide  becomes  AgglatianCed,  niid   reciuiro 
pounding  In  an  irou  mortar  to  pulverise  it.     The  powdered 
w  aflenronU  sifted  through  a  flue  copper  sicve^  and  bccui 
■loppenH)  glass  IxtttW. 

Immedintely  before  each  analytical  operalkm,  a  &af 
quantity  of  this  oxide  is  to  be  ignited  in  ■  crucible,  and  while! 
hot,  traQ&fcrred  to  a  dry  tube,  by  pUin^ng  the  moutb 
tulte  into  the  osidc  in  the  crucible,  and  then  shaking:  it  in 
Dieol :  the  tube  is  tn  be  imninliatcly  closed  with  a  dry  coirk> 
allowed  to  cool.  Xleiiiitinic  the  interior  of  therctort  in  to  liei 
pletely  dried  by  lienliug  each  portion  of  it  in  BuccesHion  in] 
flame  of  s  ^a»  or  spirit-lamp,  bcgiuniug  at  the  closed  end, 
drawing  air  through  thu  lioatcd  tube  by  mcaiiB  of  a  narrower  ■ 
pa&»ed  down  just  beyond  tbe  hcntcd  part,  and  exlutunting 
mouth.  M'hcn  erery  part  haa  thus  liccn  dried,  tlic  retort  is  I 
corked  and  allowed  to  cool. 

Five  or  six  grains  of  the  aubetancc  to  be  analysed,  \io*i 
atid  dri(--d,  arc  to  be  put  into  a  perfectly  dry  test  tul)c,  and  i 
tube  with  ita  coittcnUt  very  accurately  weighed  ;  iu  content 
then  to  be  mixed  with  oxide  of  copper  in  a  mortar, 
empty  tabc  uj^in  weighed;  the  diflcreucc  gives  the  h<  '  ' 
substanoe  employed.      Much  enutinn  >»  requioitc  in  ci  . 

retort.     'Hie  mortar  havinf;  been  first  made  dry  and  warm, 
be  placed  on  a  sliect  of  glftJtcd  pa|>cr,  and  rleared  out  with 
of  tbe  dried   onidc  of  copper,  which  U  thrown  aside,      Oi 
copper  to  the  depth  of  an  inch  is  to  be  poured  into  thecombi 
lobe  ;   after  which  a  small  quantity  of  the  oxide  h  tu  lie  put  tut< 
mortar,  then  the  sniMlunce  tu  be  analy&cd,  then  more  uxtdc; 
mixture  mint  be  made  tiuickly  and  c«rtfully,  ad<tinK  mi  muck  i 
as  ahall  he  Bufficicnt  to  All  a  little  mttrr  Ihnn  half  the  retort 
the  mortar  is  then  to  be  taken  iu  the  pahn  of  the  left  hand,  ai 
mixture  introduced,  carefully  picking  it  up  picoomeal  by  the 
tidK  itself :  fi  *lon»  of  oxide  aivto  Ij«  nibbtd  ii! 

to  rtoor  out  Lii  racc«  of  the  mixture;,  and  Ihi;  reti j: 

to  be  filled  up  with  pure  oiide  of  oo^er  to  witbin  tvo  ie 
tho  extremity. 
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TTie  proportions  of  the  mixture  are  rcpresentetl  in  fig.  355  : 
tlie  purtioii  from  tlic  Uil  of  the  tube  to  ttie  letter  a  coasiats  of 
pore  cnidfl  of  oippcr,  froin  a  to  A  of  the  mixlunt,  from  A  to  c  of 
tlie  riiMtn^  of  the  mortar,  &iul  from  e  to  within  an  inch  of  titv 
eortt  14  pure  oxide.  Tiio  Ctihe  having  been  cIq«4xI  by  a  cork  in  to 
be  ttmck  smartly  id  a  horizontal  poxtttoii  on  tltc  tabic,  so  as  to 
cit«r  the  tail-like  pt'oloii^tioii,  and  to  make  an  air-va^  nborc  the 
oxide  from  ciiil  to  cad. 

Tlindrjing  tnbc  <r  baring  bcvn  accurutclv'  weighed,  a  next  to 

be  flttn)  to  ibc  dry  perfomted  cork,  ami  cotiiu^etM)  hr  it  nir-tight 

10  tbe  Ktoft  lu1>c,  a,  b,  e  ;  this  is  now  to  bo  placed  in  tbo  funiiico ; 

the  potuh  apparatUK.  /,  aJ-io  previously  weighed,  is  to  be  attacbed 

(0  tW  drytog  tube  by  ai«fiiu  of  a  connecting  piece  of  aioiitcbuuc, 

taking  care  that  the  largest  bulb  is  OD  tbe  arm  cooaected  >vith  the 

dnriog  tube ;  tli«  poUah  apparatus  Hhoiihl  be  xligbtly  inclined  by 

^adiig  a  cork  under  tbe  cud  of  the  hurizoiitu,!  [x>rliou  nearest  the 

open  cstremitr.      Matters  being  thus  arranged,  the  nest  process  ia 

to  BioertaiD  if  tbe  wlinle  he  tight,  and  for  this  purpose  the  air  iu 

the  large  bolb  ts  to  be  gently  bcntcd  so  ns  to  cspcl  a  fcir  bubbles  \ 

if,  on  cooling,  tlie  liquid  rise  io  the  limb  and  maintain  its  elevation 

rietdily  for  a  few  miiiutc*^  tbe  cooibuilion   may  sufcly  be  begun. 

'"'.ircnul  broken  into  pieces  about  tbe  eizc  of  a  walnut  is  to  be 

-unt,  mill  applied  to  the  portion  of  the  tiibo  iienrest  tbe  c»rk, 

wkore  tb«  pure  oxide  of  copper  lies :  the  action  of  the  beat  ia 

limited  by  s  double  8hce(>iron  M^rceu  wbicb  fits  into  the  fiiniace, 

and  bas  a   ccnlnil  nlit   in  onlcr  to  ullow  it  to  bestride  the  tube; 

ibia  screen  can  by  degrees  be  moved  further  and  further  dovn  the 

fimiafK  uutil  the  whole  tu)>c  is  heated.     An  additional  screen  of 

iRtgle  iron  plate  is  hnng  over  iIil-  closed  end  of  the  runiacc  to 

tpcatoct  tbe  cork,  enre  being  taken  that  tbe  beat  never  rises  so 

high  as  to  scorch  it,  or  fnlU  so  low  as  to  allov  of  the  coudensa. 

boa  of  moiaturc  in  tbe  portion  of  tbe  retort  wlueli  projects  from 

tke  ^macc. 

When  iba  fore  part  of  tbe  retort  is  red-hot  and  the  escape  of 

'sir  doc  to  expaxunon  has  ccascit,  alioat  an  inch  more  of  it  mny  be 

lusatcili  and  in  tbi*  vny  tlie  fire  in  gradually  carried  down.      At 

lirU  bat  «  small  portion  of  the  gas  in  BbeorbL'd,  but  wbeu  the  sub- 

,  ituice  »  fairly  ande^oiog  decomposition,  and  tbe  atiDosplioric  air 

I  in  tbe  apparatus  Iuid  been  capellod,  the  gas  \»  ahnutit  entirely  taken 

op  by  tbe  potaib-lcy.     When  the  whole  lube  is  ignited,  the  beat 

.fflwt  be  cuatinucd  till  bubbles  are  no  longer   dii^rngnged;    tbe 

»h-1oy   will   DOV  gradnally  recede  Into  the  large  bulb ;  when 

lis  obsarreil  to  commence,  tbe  charcoal  must  be  removed  from 
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tho  toil  or  die  lube;  aud  u  Hxni  as  tlic»olutk>nor  potuli  Itui 
ttd&cicutly  to  fill  hnlf  tl>o  lai^c  bulbj  tbc  tip  of  tbo  tail  iDurt ' 
ntpiK-(l  ofl' ;  g«iitle  Mucttoii  is  then  to  be  effected  hv  means  of  i.| 
of  vulcauixtd  caoutchouc,  ivbicb  is  to  be  fitted  to  itie  free  cxtr 
of  the  potash  apparatoe,  and  air  drawn  through  tbc  comb 
tube  bv  tbc  mouth,  in  order  to  displace  the  carbouic  acid 
atlucouH  rapour  which  the  apfaralue  coiitaius.     Dmiiat)  preE 
couiiect  the  extrciuitj'  of  tlie  retort  with  a  drying  tulx>,  and  tfi 
iigaiii   wilb    a   rcttivcr   fontainiiig  oxj'geii,  which  giia  ia  carpfa 
driven  over  the  contents  of  tbe  tnbc  iu  the  manner  shown  iu 
365,  part  ii.,  p.  73.     Thia  renders  tlie  operation  aomcwhat 
cotnpbcatcd,  but  it  is   unqucHtlonably   more   exact,  ci'itecial^ 
compounds  nhere  the  proportion  of  carbon  is  {^reat.     The  lul 
euppljriiig  osygeu  is  easily  adjusted  to  Ihc  retort  by  drawii 
tbc  tail  horizontally  instead  of  obli(|uely,   aiid  fitting  it  on 
caoutchouc  connector,  care  being  taken  to  HCit-cu  the  jiuictic 
the  inllueuce  of  beat. 

The  apparatus  is  now  to  be  dt»mount«tl,  and  allowed  to  1 
about  an  hour  the  drying  tube  f  may  be  weighed ;  ooe-nl 
the  gain  mbicb  it  buti  cxpericuccd  indicates  the  quantity  of 
^n  contflini-d  iu  the  oompound  analysed;  the  putiiab  nj3p.\r:thiii,j 

•lw>  to  l)c  weighed,  and  thrcf-elcrcittbs  of  vhat  it  has  gained  she 
tbe  <iuniitity  of  caitwn.     The  deficiency  »  reeboned  aa  oxyge 

TTic  oxide  of  copper  uacd  in  these  experiments  may 
rendered  serviceable  by  moititcmug  it  with  oitne  acid,  and  ij 
it  as  before. 

2,  Anaiytis  if/ a  Li^vid  not  containing  mtrogm. 

(9C5)  If  the  liqnid  be  volaiHe,  a  piece  of  tube  rather  Ic 
a  quarter  of  an  ioch  in  diameter  is  to  be  beatcd  in  the  blc 
flame,  and  drawn  ouC  Into  a  cupillnry  portion,  a,  (fig,  356])  i 
Ibar  incbet  loug :  about  a  quarter  of  an  inch  below  this  tl 
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ii  to  be  setlt'd,  and  tho  little  piece  of  tube,  b,  thna  left  connc 
wilh  the  capillary  port, '  'id  blown  into  a  amall  bulb ; 

a*  big  na  M  good-fti^rti  )'     .  i«  tobc  cut  olT,  lcA\iii[;  a  cai 

neck  of  abtiot  two  iuchea  long.      Ilavini;  mode  a  auffirient  dui 
of  tliPW!  small  bulli",  two  of  t^■  ■ 

will  fret  tr  cril.  r  (lio  (MjHibuftioK- 
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» little  of  the  liquid  to  be  atuilrscd  i»  to  be  put  luto  a  small  tube, 

»iul  Ihc  capillary  neck  of  the  hulhs  inverted  into  the  liquid ;  the 

balba  src  then  to  be  warmed  by  the  flame  of  a  Bptrit-latnp,  so  that 

na  uooliiig  tbcy  ebftU  be  about  tlircc-fourthii  filled  urith  tlie  litjuid. 

Tlic  oecka  are  iioir  to  be  aeal«d  by  the  blowpipe<f1anie,  and  the 

bulbs  again  w«i(rhcd :  the  iucreasc  of  weight  giveH  the  quantity  of 

Uie  li<juid  which  has  entered,  aud  which  is  to  be  aiialyaed.     lite 

oiidc  of  copper  luivin^  been  heated,  and  allowed  to  cool  with  the 

lunal  precautionti,  about  an  inch  and  a  halt  of  th<!  retort  is  to  b« 

filled  with  pure  oxide;  next  a  file  is  to  be  drawit  actum  the  capil- 

timr  ucck  uf  one  of  tlic  bulbs,  and  the  bulb  having  been  placed  ia 

tlip  retort,  the  neck  is  to  be  broken  by  pressure  against  the  glass, 

aad  the  brokeu  |>ortioQ  of  the  neek  to  be  dropjied  in  with  the  bulb; 

dried  oxide  of  copper  is  tht'n  to  bo  poured  in  to  the  depth  of  twti 

inchca  more;  the  second  bulb  Ih  to  be  introdueed  in  the  same 

niauucr  a»  the  Grsi,  and  the  tube  is  to  be  rilled  up  with  okide ; . 

after  vlueb  it  is  to  be  corked  and  struck  smartly  upon  it«  siilo  oo 

the  talilr.  to  secure  free  air- way.     The  ooD)ba»tioii  tul>e  is  now  tu 

be  adjusted  in  the  fiiniacc,  and  the  tir«t  half  of  the  lube  is  to  be 

^radoally  heated  ;  vhcn  tbia  is  jcd-hot,  the  liquid  mast  be  vola- 

tilitcd  by  cautiously  Approximating  a  piece  of  ignited  cliareoal  to 

the  part  of  the  tube  ivhcre  the  bulb  nearest  the  open  end  of  the 

retort  lies,  takiug  especial  care  not  to  raiftc  the  temperature  too 

nijiiilly  :  when  by  degrees  all  the  liquid  in  the  first  bulb  has  been 

cipelled,  tbe  other  is  to  be  proceeded   with  in    like  manner;  the 

■vholc  t»be  i>  huuUy  to  be  heated  carefully,  aud  the  gtaw  are  to 

■bo  swept  out  of  the  appanitus  in  the  manner  already  dcsuribcrd. 

I        ijnbstaiiceft  whicli  rautain  n  gri;at  excess  of  carbon   sometimes 

I  CKBpc  cuoiptete  combuatiuu  by  the  above  proix--ai! ;  wlieu  this  Is 

frmrd,  the    tube    is    connected   with  a  receiver  filled  with   oxygen, 

upon   the  plan    of   Duma^,  already   mentioned;    or  Home  tineiy 

lialverixcd,  carefully  dried  chlorate  of  potash  may  be  mixed  with 

1 4Uiflt  four  timca   its  weight  of  oxide  of  copper,  and  the  portion 

Ibfthe  retort  near  a  (tig.  3^)  ni."iy  !»  tilled  with  it  for  about  an  inch  ; 

■  the  tail>likc  proloagatiou  may  in  Uiia  case  Ik  dispensed  with  : 
riitlw  close  of  the  o|>cration,  instead  of  sucking  air  through  the 

ipfATsttu,  bcftt  i»  to  be  very  cauliouiily  applic<l  to  the  chiorutc; 
I  liy  this  means  oxygen  is  evolved ;  this  burns  the  last  traces  of 
|w4nn  ood   dlsplacea  the    gaa  aud  aqueous  vapour  contained    in 

■  the  tube*-       The  heat  mu.tt  not  be  Coo  sudilenly  applied,  for  if  it 
b^a  poitioo  of  the  chlorate  is  apt  to  be  carried    forward  mc- 

■  chaiiicully,  a   circutuatance  which  constitutes  the  chief  objection 

■  to  iu  u-c. 

I     J  c  • 
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In  come  cwcc  chronate  of  lead  mty  be  itilvftutagcousl;  stt^wtiii 
tutud  for  uxide  of  copper  witli  subsuaoes  diSlcutt  of  comltuetiottj 
uuce  bjr  a  bn^lit  red  hc&t  aloae  it  gives  -off  a  }x>rttoii  of  ill' 
oxygen.  Lt  is  easily  prepared  by  prccijiitatiiig  the  cliromnto  or. 
Iiicbromatc  of  potash  with  a  Koliilioii  of  acetate  of  lead :  it  ehoul 
be  well  washed  and  1ieat«d  to  iiicijiicnt  fuaiou  before  it  is  a»cd 
aruilysi«.  Chrunmte  of  lead  bos  the  advantage  of  beiug  iiinch 
tiygro^copiti  than  the  oxide  of  copper.  In  eunie  ciues  it  ma' 
tniice<l  with  bichromate  of  potaftli,  uhicb  parts  withoxygoii  bjr 
more  freely  than  the  lead  salt. 


3.  Aniilytti  of  a  Body  conlaiainQ  Nitrogen. 

(906)  The  prcscucc  of  nitrogen  in  bd  orguiic  ooiupaUDd 
sacertained  by    mixiug  a  soiall   quantity    of  it   ivlth  a  jwrlic 

■lijdrate  of  potaudi,  and  beating  it  in  r  smnll  test  tube:  vsp 
of  amiuotiia  uUl  be  evolved  if  nitrogen  be  present.     Two 
aiialj'ECs  arc  id   this  case  i-eijuiicd  ;  titc  first,  to  diccovcr  the 
portion  of  carbon  and  hydrogen;   and  the  !>econd,  cxprcwly! 
tJie  uitrogtn.    'U'hcn  bodies  ouiituiuing  nitroigeu  arc  burned ' 
oxide   of   copper,    a    variable    projiortion  of  the  lower  oxide 
nitrogen  is  formed,  which    being  retained   by   the  ehlohd 
calcium,  or  by  the  potaab,  would  render  the  analraia  inc 
A  prcnatilioi)  is  therefore  eniploved  which  renders  it  nee 
mnkc  us«  of  a  retort>tubc  somf^vrliat  longer  than  eommon  ; 
tube  is  to  be  charged  as  nsiial  to  within  4  inches  of  tbe  oj 
and  then  filled  up  vittli  clcau  copper  turuiiigs;  tlie  apparati 
to  be  urmiiged  ns  before  directed,  the  copper  tumingit  brou^fc 
full  redness,  and  the  analysiti  is  to  be  cautiously  condiicled  iol 
ordinary  niatiner.     At>  the  oxide*  of  uitroi;cn  pa«9  slowly  over  1 
igaiicd   copper  tbcy  are  decompoiwd,  the  oxygen   combitiing 
the  copper,  while  pure  nitrogen  escapes :  the  quantity  of 
and    hydixjgcu  is  determined   exactly  in    the  maaaer   pr 
described. 

(907)  ilellmd  (/  Varrentrapp  and  Will. — The  most 
method  for  iucc-rtaiiiiug  the  proportion  of  Ditrogcn  in 
demed  by  Varrcntmpp  and  Will ;  the  fuoiUmcutnl  loct 
which  this  method  is  bssed,  oonusts  in  the  oluiervation  of 
LuBsae,  that  nbeu  azuliK-d  matters  nro  huatcd  with  a 
CsccM  of  hydmlc  of  potash  or  ot  tmdo,  the  whole  of  the  iiit 
ia  expoUed  in  the  form  of  aiamonia.  In  order  to  reodt 
■vailnbic  for  the  purjiosea  of  aoalyria,  the  flubjoiDcd  pi 
■re  m|uiaitc 
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mixture  of  two   parts  of  quicklime  nnd  one  of  Sytlrnte  of 

M  |>rcpArc(l  l>;  slinking  some  weil-htiTwA  lime  »)th  tUc  ucccs- 

quKDlity  of  «  solution  of  soda;  the  nrfaole  is  evaporated  to 

^nc«9  and   ignited  ;  the  drv  mass  is  piilrcrizcd   a.i  quickly  as 

i Bible,  aad  thira  Imiisforreti  to  well-clft*ed  boltlw,  in  order  to 
lude  carboDic  acid  aad  moisture.  Wbeu  an  aiialyus  ia  ra- 
ted, tbv  substance  under  cxaminatioD  is  vcrj'  intimately  mixed 
a  a  wami  mortar  willi  n  |)ortio»  of  tliis  alkalized  limCj  or  goda- 
■c  M  it  is  frcquenllf  tcritwil,  iustead  of  iritli  o\ide  of  copper : 
We  n-cidcutal  presence  of  a  little  moisture,  after  the  weight  of  tbe 

(rerial  for  analysis    has    Ijuuri    aeoimtelj'  determined,  is  of  no 
Keqncnce  iu  this  case. 
Uiiviug    iaticxlueed    the  mixture   into  the  retort  tube,  it  is 
tvr  to  jilog   the  Bpcrtiirc  IookcIjt  with  a   fiiir  fibres  of  asbcstoi 
>hicb    hu    been    ignited  just 
kefiow)  to    iircrem  any  nieclia-  Pjo-3fi7- 

transport   of   the  mixture 
the     npparattu     through 
^ch  the    gases   are    made  to 

•  ;  ou  opjilyioK  ^^^^  ^  ^''^ 
eombaation-tube  ia  the  ordinary 
wiy,  and  with  the  usual  prcrau- 
IJDOs,  the  nibctaiiOR  is  decotn- 
powd,  aod  the  vibolc  of  the 
■itiogen  escnpes  as  aminonia. 
Ab  drying  tube  aud  pottusb 
Baratua  arc  dispciiscd  with, 
H  the  ammonia  i!>  enllErted  in 
Pvalb-tubc  of  the  foriu  reprc- 
witcd  at  /  fig.  357,  which  is 
BoaneclMl,  air  tight,  hy  menna 
nft  good  cork,  with  tlie  retort-' 
Inbc,  Oi  tlie  biilU/  hanng  beco 

Bviuusly  charged  with  hydrochloric  acid  of  «p.  gj.  I'l. 
B  Pure  hydrochloric  acid  is  easily  procured  for  tliis  purpose  by 
Ibtin^  the  ordiiuiry  aeid  of  the  shop*  till  it  has  a  ap.  gr.  of  1*1, 
Kd  diiitilling  it  in  gl»!is  vo»*ols  ;  the  tint  eighth  mar  be  rejected, 
■d  the  diHtillation  proceeded  with  until  three-fourths  of  the  acid 
Kitoyed  have  pa&sed  over.  It  U  better  for  the  operator  always 
R  Trctify  his  owu  acid,  in  order  to  be  quite  sure  of  the  absence  of 
Incn  of  ammonia. 

The  tube  conuecting  the  bulbs/ should  be  soiocvhat  lar«^r 
tliau  that  of  the   ordiuAiy  potash    a|)j>&ratus,  in  ordec 
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to  nliow  tlie  liquid  to  be  poured  out  readUy.     Wlion  ihe 
tioti  is  complrlc,  abcorption    viil    lake    place,  and    the    liiii 
rise  in  t)ie  bull)  nearest  the  fire;  at  tliiti  tnoniciit  the  tail  of 
coiubu&liou-tu)>e  eliould  be  nipped  off,  aud  air  catcfully  i1 
tliToiigb  tlio  apparatus  in  tlic  ueuhI  way.      Wlivn  tlic  comlm 
is  completed,  the  conleutK  of  the  bulb>tube  arc  to  be  empliffd 
a  email  evaporatitig  <li»b,  and  the  bult»  waabed  out  firet  w 
mixtUR!  of  alcobol   and  ctlit-r,  and  afterwards   scTirral  times 
nater ;  same  soluttoD  of  bicbloride  of  platinum  is  to  be 
and  tlic  vbolc  evujionited  to  drynead  in  a  water-bulii  or  a  chl 
of  calcium    batli  ;    the    residue  whun    drjr  is  to  be  digi-ntcil 
mistitre  of  two  parts  of  alcohol,  ap.  gr.  o'Ha,  and  one  of 
wbicli  dissohes  (he  cxocsa  of  bioliloride  of  plaiiniini,  nnd  leaves 
double  chloride  of  pLatiaum  and   ammonium  iu  a  crj^tolliitc 

TbiA  miut  now  be  brought  upon  a  wetgh»d  filter,  auti 
rt'pcutfdl;r  viitb  the  miMurc  of  tno  purls  uf  uk-oliul  aud  oo»l 
ether  until  nothing  further  is  takeu  up  j  the  precipitate  and  A 
TDUHt  be  dried  by  a  licat  of  1 1 1*  and  the  weight  ncramtcl y  ob«i 
220*5:  f-ti.  of  the  ummoiiia-cldoridt:  of  platinum  arc  tqui 
to  1 4  gis.  of  nilrogen,  or  100  parts  to  ^'548  of  nitrogen 
ofcollcctitig  the  ammonia  in  hydrochloric  acid,  it  i»ay  be 
deuxrd  in  a  certain  volume  of  ddute  sulphuric  acid  of  k 
strcTiglh  (about  130  gnuns  of  an  acid  of  which  100  grnttw 
neutralize  3'j  graius  of  aioinonia,  vill  aniiwer  tbc  piirpOM). 
acid  liquor  is  then  to  lieuuslietl  out  of  the  bulba /,  diluted, 
carefully  ueutraliied  by  a  solution  of  caustic  »oda,  or  by  a  co)u< 
of  lime  in  dilute  syrup,  the  ittrcri^th  of  vihich  has  been 
graduated. 

{908)  Meihod  0/  Duma». — Tbc  foregoing  method  of 
mining  nitrogen  nnswers  for  nearly  all  cases  excepting  those  in 
thin  element  occurs  in  the  form  of  nitric  acid,  when  it  must 
determined  by  Tolume,  and  it»  weight  tiieuw  deduced.  For 
purpose  the  process  of  Dumas  is  tbc  most  trustworthy  : — A 
tulx;  uf  bbuut  30  indies  long  is  emjilnred,  nnt  drawn  out  in' 
tail,  but  Malcd  vilb  a  rountlcd  extremity;  about  2  iiiclu's 
tube  are  filled  with  Inearhonate  of  soda,  and  Llien  tbe  mi 
with  nride  of  copper  is  added,  and  onrered  aa  nnual  with  n  Uy 
pure  oxide ;  bcyoud  thi»,  tbe  lust  2  or  3  inches  of  tlic  tul 
filled  with  clean  copper  turnings,  as  already  directed,  with 
of  decompftoing  any  of  the  oxides  of  oitr. 

Tbe  nilori  tube  is  tbcu  coontcted  v'w-  -,  : -„„.  - 

of  brass  or  cojifioj'  (f1(^  357,  6),  one  limb  of  wbieh  ii 
vHh  a  stnpcodtj  e.     'Tbe  counexioD  with  tbc  retort  tubs  a 


URTttOD    or  DOUIB. 


w 


nude  liT  pajMing  a  piece  of  gla«i  tiihing  tlirotigli  a  oork  6ttii)g 
wi.-uratcl^  iiitu  tbe  mouth  of  tlic  tube  a,  uid  connecting  tbe  bmw 
4ffiuiitus  to  thia  smaU  glaas  tube  hy  a  caoiit<:lionc  coiiiioctor,  d; 
HctitirA  limb  U  faxtened  hy  a  simiUr  joint  to  a  glau  tube  p.beut 
tl  rif;lit  uiglcfl  near  one  cud,  with  a  straight  portion  upwards  of 
JO  iocbcs  Umg,  the  other  extremity  of  which  is  tiirni'd  up  at  on 
aeote  nngte  Tor  the  conreaience  of  sntdy  delivering  the  gau:  this 
tube  is  placed  with  ita  loiig  portion  in  a  vnrtic&l  dircctioo  and 
vitli  tt«  lower  ujitumed  extremity  dipping  into  *  KinaJI  mcrctirial 
timgfa ;  the  stopcock  tube,  e,  is  couuectM  with  an  exhanstiu; 
irringc,  by  which  a  Tanmm  is  produced  ;  the  apparatus  is  left  for 
faaif  ui  Iiotir  to  ascertain  that  all  the  Joints  are  tight:  if  tbe 
■ercnry  after  this  lapw  of  time  etill  atandtt  at  tht-  same  level,  the 
niwrimcitt  may  be  procwdnd  with.  A  moderatn  heat  ia  then 
applinl  by  a  spirit  htnip  »t  the  cud  of  ihv  retort  contaiiitii^  the 
biortwnate;  by  this  Tneans  carbonic  acid  ia  cct  free  and  di8pla»» 
tbe  taut  portion*  of  air  ;  the  nihnnstion  and  the  disengagement  of 
pa  are  n:pwit«l  nltc-maluly  three  or  four  tiitiRH,  ciire  lieiiifj  talien 
to  leave  au  amount  of  tbe  bicarhonato  -niidccomposed  snflScicnt  to 
rmcw  this  exputiive  procejw  at  the  teroiination  of  the  experi- 
npot.  Tlie  eto|)cock,  c,  is  now  ckracd,  tlic  uir-purop  is  removed, 
and  a  graduated  jar  containing  aoiue  solutiuu  of  |>otash  U  inrertcd 
in  the  niCTLiiry  over  the  reciu-ved  eitreinity  of  the  long  plaits 
tnbc.  The  copper  turnings  arc  tbcn  brought  to  rcdncas  in  the 
BKial  wajr  by  means  of  a  charroal  fire,  the  decomposition  being 
■uod  In  taJce  place  less  rapidly  thiin  usual.  When  the  part 
of  tbe  retort  containing  the  matter  for  analysis  is  red-hot  through 
ita  entiro  extent,  heat  is  grnclunlly  applied  to  the  bicar1>onatc  of 
wda,  and  the  last  portions  of  f^at  furnished  by  the  comhu«tion 
ait  driven  into  tlie  receiver  hy  the  carboaic  acid  disengaged  from 
t)K  hicnr)x>nutv. 

Tbe  prodacta  of  the  combustion  are  only  water,  carbonic  acid, 
ud  uilrcgcu ;  the  former  two  arc  retained  hy  the  soiiitiou  of 
|ieta»b,  wbiUt  llic  nitrogen  alone  preaenta  itaelf  for  meafiirenient. 
When  the  Bp|taratuA  by  atandiag  for  an  hour  or  two  has  reached 
the  tetn|)fr»turc  of  the  atmottpbere,  the  height  of  the  barometer 
and  tbcroiQtnctcr  uiust  be  carefully  noticed;  and  since  the  gi» 
»in  be  Katuralnt  with  moit>ture,  its  volume  must  be  corrected  hy 
Um  kiwvn  methods  for  the  three  points  of  temperature,  pressure, 
■nd  Bioivture:  then,  siooc  loo  cubic  inchea  of  nitrogen  at  60''  F. 
and  audcr  a  presnare  of  30  tnehea  of  mercury  weigh  50*15  ^I'ainii, 
it  ia  rsxy  to  calculate  the  weight  of  the  nitrogen  that  is  contained 
\a  a  (pTCn  quantity  of  the  matter  aiialy>ed.     lu  this  pcacc»,  aa 
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in  cvcrjr  cmc  where  tbc  proportion  of  nitrogen  alone  forms 
object  of  tbe  experiment,  after  tlic  weight  of  the   inatehHl  for' 
analysis  hiis  been  ouce  accurately  ascertained,  it  is  evident  tli 
tlivrc  is  nothiug  to  fear  from  m  slight  abburption  uf  moisture. 

(909]  Method  oj  Relative  Volumes. — When  the  qiiaittitj 
nitroseii  present  is  uot  less  than  one-fourth  of  the  weight  of  ' 
carbon  contained  in  the  coaipouiul,  its  proportion  may  Ik  adi 
tagAoi»]y  lie  term  iiieil  Uy  niukin^  the  combiislton  jiut  u  thou 
we  were  ffoiuj;  to  ascertain  itie  projiortioti  of  carbon  aud  hvdrogei 
but,  Liislead  of  condeuaiug  the  carbouic  acid  and  weigliiug  it,  tb 
mIioIc  of  the  gwteA  proihiccnl  are  collected  over  mercury.  A 
gas-del iverinip  tube  g,  fig.  357,  is  substituted  for  the  mual  ap[i 
ratus,  for  the  absorption  of  water  and  carbonic  acid.  lu  tt 
ca»e  it  is  best  to  begin  at  the  closed  extremity  of  the  tube,  and' 
having  expelled  the  atmosplieric  air  by  a  porliou  of  gas  generated 
^tn  ilic  Hubataace,  to  collect  tbe  re»t  of  the  gascuufi  products  iu 
a  graduated  jnr;  hj  agitating  the  gas  witb  a  solution  of  polasb, 
tho  proportion  uf  nitrogen  to  tbe  carhuri  is  at  once  dcCcrniincd, 
since  equal  volumea  of  cai'lionie  acid  and  nitrogen  gatws  repre.>eul_ 
Kittglu  atoms  of  eurhou  and  nitrogen.  It  is  not  neccssaiy 
tliia  rase  to  weigh  accurately  the  quantity  of  material  acted  iij 

Experience  has  abuwu  that  in  the  preceding  process  for  org« 
aDalysis,  the  quantity  of  hydrogen   deduced   from  it  is  alwaj 
slightly   in  cxccm,  usiiaII}-  itbont  0'2  pitrtit  in   roo,  wliiUt,  imic 
cbroinatc  of  lend  or  chlorate  of  [wtash  be  employed,  the  carlxin 
Bomctiiues  deficient  to  the  same  extent.     A  deficiency  of  carbon  al 
occurs  if  the  ash  contain  carbonates  of  the  alkuliesorof  the  earths? 


(910)  Detcrmhfalion  ofSuiphur  and  of  P/twp^onu. — One  of  tl 
tbodx  employed  for  aecertniDiitg  tbc  umoiiiit  of  uiioxidizcd  sulphur 
an  organic  cumpDund,  consists  in  mixing  i  part  uf  the  subetnnc^ 
for  analysis  witi)  10  parts  of  uitrc,  a  of  dried  carbonate  of 
and  JO  of  pure  chloride  of  sodium,  mid  lic»':r<;r  tbe  mass  to 
nesa  in  a  tube  of  liard  glass.  The  suipbni  1-  Lus  converted  int 
eulpbnric  acid,  which  enters  into  cumbiualiou  nith  a  portion  of 
tbc  alkali.  Tbc  object  of  adding  tbc  chlunili-  of  -odium  is  simply 
to  moderate  the  violence  of  the  deflagration.  Tiie  re»idue  ia  to 
be  dissolved  in  water  rendered  slightly  acitl  irith  hydrochloric 
acid,  nod  the  sidpburic  acid  prccipitsitcd  bj  tin-  Mitlon  of  chlo. 
ride  of  barium.  If  phosphorus  be  present,  u  «''!  .emain  in  the 
acid  liquor  in  the  form  of  phosjihoric  acid.  Ut  •lununt  may 
determined  1)y  adding  sulphuric  acid  to  throw  il"  x^  the  excess 
baryta,   lilteriiig,  supersaturating  with  amRlOat^,  :>'.'.i  oddiug 
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isnmoaaieul  noltitiou  of  »iilj>liate  of  magnesia  j  the  phovjiliorie 
■dJ  is  itrectpitalcd  as  the  double  phoaphate  of  mAgncflia  And 
tnuDonia,  and  is  to  be  collected  and  ignited  iu  tbc  usual  manner. 

Wlieii  a  large  qtruititv  of  siil|iliiir  is  present,  an  error  mighe 
Hnljr  ocrur  in  the  estimation  of  the  amount  of  carbon,  ainoc  a 
portion  of  the  siilpliiir  becomes  converted  diiriiiK  the  proceiis  of 
tombuation  with  oxi<lc  of  copper  into  sulphurous  acid,  and  tim 
wmild  be  condensed  by  the  potash  along  with  tlie  cfirhonic  ncid, 
which  wouhl  thus  be  estimitted  in  excess.  This  source  of  error 
nwy  he  avoided  hy  interposing  a  short  tube  filled  with  peroxide  of 
Irtd  between  the  tiilw  of  chloride  of  calcium  and  the  pota«h 
liulba;  the  snlphuroiis  acid  is  then  arrested  and  converted  into 
mlphuric  acid,  and  is  rcUiincd  a-s  sulphate  of  lead;  aPbO.>-+S,0^ 
Ucomiug  1  PhO.SjOg. 

lyi  I )  Delerminatha  of  Chlorine,  Bromine,  and  Iodine. — AVlicn 
lli«^  (luontity  of  chlorine,  or  of  any  other  hidugcii,  k  to  he  estinaatcd, 
tiie  siit»tance  for  atial^is  is  to  lie  mingled  with  about  lO  times 
iti  veight  of  lime,  and  introduced  into  a  tube  of  Bohemian  glu&s 
ic  or  12  tnchcA  long,  and  scaled  at  one  end.  The  tube  li  to  be 
tilled  ap  with  fragments  of  pure  time,  wblch  »  gradually  brought 
1o  a  red  heat,  commeneing  at  the  open  extremity.  When  the 
oombustion  is  complete,  the  tube  is  corked,  its  outer  surface  cleared 
frotn  aitbe^,  and  wbilet  still  hot  it  is  plunged  into  a  beaker  of  cold 
vnter.  It  is  thus  rrackrd,  and  ita  contenta  are  theu  treated  with 
nitric  arid,  and  the  chlorine,  iodine,  or  bromine  is  precipitated 
from  tile  filtered  liquid  by  means  of  nitrate  of  ailrcr. 

(qI2)  CateuSalion  fifths  Comhinittg  Proportion  of  aa  Organit: 
Body. — We  nill  suppose  Clie  labour  of  aualysis  thus  bL-out;ht  to  a 
Micocaaful  issue.  It  ia  evident  that  the  information  derived  from 
ttiifl  soarce  alone  is  but  »ranty,  for  it  fiirninha.-*  uo  idea  either  of 
tliC  number  of  atoms  of  each  element  ent4:friiig  into  the  molecule 
«f  the  organic  body,  or  of  the  relations  of  the  body  to  tbc  sub- 
•tuces  conoemetl  in  its  production  or  obtainsihle  from  it  by  its 
denuuposiliou.  Whenever  it  is  possible,  the  cquivuleut  or  com* 
liiuioic  proportion  of  the  compound  must  be  dctcrcnincd.  This  is 
(ITcctrd  by  pre{i.iring  a  compound  of  the  bodv  with  «ome  Hubstancc 
tlio  combining  proportion  of  which  is  well  known,  and  prucecdiug 
to  analyse  tiie  new  product.  If  tbc  orga.nic  substance  he  soluble 
in  water,  and  capable  of  cntcririg  into  conibinatiou  with  oxide  of 
•ilrcr,  this  oxide  is  for  many  reasons  to  be  preferred.  Oxide  of 
BlTcr  combines  with  many  organic  bodies,  and  forrnB  Trith  tbrm 
ownpouuds  inM>1ub1c  or  hut  sparingly  sobible  in  water;  and  they 
Buy  (etierally  bo  formed  by  double  decomposition,  and  trashed 


w 


Zi     CAUrcLATioM  or  -me  e(irnr«LB!rT  or  ax  utaAmic 


ft 


bem  all  adhering  tmfMirities.  Supposiog  a  silrer  eom 
hife  been  pctpwrd  in  a  Btatc  of  puritT,  13  or  20  paint  of  il 
lo  be  accoralclr  weighed  in  a  couutcTjmtMd  pnredaiii  cmeT 
Tt  M  then  to  be  carefully  ioriiierated  till  pure  iilver  ah 
renuuos.  On  again  vdghing,  the  Ion  will  girc  thai  of  tbe  bf 
cDtnbioal  villi  the  silver,  aud   iti  additiuu  that  of  one  cf^Dival 

(of  oxygen  expelled  from  llie  oxirle  of  tbat  metal  at  red  beat.     1 
tvmAwd  aOtcr  should  be  Boluhle  without  imnoiiidcr  in  oitrio  m 
Prom  the  weight  of  the  tnetallic  silver,  tbc  comhiuiiig  tuimhcr  of 
orgtnk  body  that  had  coinbined  with  it  maybe  readily  colculat 
An  cianiplc  will  heat  cnplain  tlic  method  of  proceeding:— 
4875  gra.  of  acetate  of  8(1  rer  left 
31*49  gra.  of  metallic  silver. 


I7'24..«itl  therefore  express  the  loea,  due  to  tbc  anlLcd  Ki 
\  acetic  acid  and  oxygen  combined  wilL  silrer ;  tbcn, 

io«    :  :    17-04    :    T    (=59);  and 

S9~  X       ^        =5'i  ^'"^  combining  nuuber  of  acetic 
Anolber  csatnplc  nill  ahow  tbc  niL-tJiud  of  calculating  tbeni 
berof  atom>  of  eadt  elciocut  in  aii  e(|uivaleut  of  the  compoutvd 
By  combustion  with  oxide  of  copper  it  h  found  that  10 

aretalc  of  aUvcr  yiuld 

OnlM. 
5'277  grains  of  carbonic  acid  =  i"439  carbon 
1*620  grains  of  water    .     .     =  o"  180  hydrogen 
And  (from  previous  rapt.)  .  6-462  »il»cr 

Tbc  defick-ucy     .     .     .     .     =  I'9i9  oxygcu. 


lO'OOO 


Then  hj  pro]>ortion — 


6-463 
6-462 


:      ]o8      : 

:      106      : 

108 


f  Outaa. 

1  '■4.19 

to- 180 


S  (=  i),  or  U,: 


Tdlal 

deduct  1  cqaivalcnt  ofoiygcn  . 

and  wc  obtain  the  combining  nombcr)  rut 

of  anhydrooB  acetic  add     .     .     -J      ^  '  °^  ^•"<* 

In  wmc  cnscs  thr  n-qnirrd  compr 
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V^e  TCMclue  aftpT  incineration  in  tlits  case  does  not  consist  entirely 
oT  mrUilic  Ivadj  nvitlicr  »  it  all  oxide  of  IcaH.  In  order  to  de- 
tenotne  llie  [iroporlion  of  each,  tlie  rpsiihic  is  carefully  weighed, 
and  treated  witli  acetic  acid  in  tlic  cnicililc  ittclf;  itie  oxide  of 
lead  is  thns  dissolved  and  washed  away.  When  the  content*  of 
lie  enii'ihlp  linTe  licen  carpfiilly  dried,  a.  Bccoiid  weighing  gives 
the  quniiiily  of  metallic  lead,  whilst  the  Iom  furnishes  tlixt  of  the 
oxide.  From  the  metal  the  quantity  epoxide  to  wtiicti  it  is  equiva- 
lent maj"  be  cak'nlnted ;  this,  added  to  the  portion  dis^iolved  hy 
acetic  acid,  funiishcs  the  whole  quantity  of  oxide  contained  in  tlie 
compound  :  a  calculation,  similar  to  that  employed  for  the  Mlvvr  Hilt, 
iben  «up]>lie«  the  e^uivulcnt  number  of  the  body  analysed.  Tlie 
netliod  is  not  quite  so  ncenratc  as  the  preceding  onr  ;  it  invotres 
more  manipaUlion,  and  tlie  compounds  of  lead  ai'c  apt  at  a  high 
temperature  to  undergo  siltglit  li>ss  by  volatili7!ilioo. 

Just  as  the  coinhinin;;  number  of  an  ncid  ran  be  ancerlained 
by  determining  the  aiaouut  of  any  base  vith  which  it  entert  into 
Nmhiiintiou,  so  may  the  coiiil>iiiiiig  number  of  a  body  possessed  of 
marked  basic  properties — morphia  or  aniline,  for  example — bo  dis- 
coTcrod  hy  causing  it  to  enter  into  combination  with  a  wcll-dcfinctl 
icid  sach  as  the  hTdrochloricjandaaeertaining  the  amount  of  such 
add  with  which  n  given  weight  of  the  baite  will  unite.  The 
hydrochlorates  of  many  bases  form  crystalUxahlc  double  salts  with 
bidiluridc  of  platinum ;  when  lliis  la  the  ca^e,  the  double  salt  is 
(nqaently  employed  in  the  determination  of  the  combining  pro- 
portion  of  the  organic  base  which  it  contains. 

(9'3)  fc'^'io"  ^S  VofJOttr  rhtt.*iiy  to  Moticular  FormuJte. — Tn  nil 
ones  where  it  is  praeticable,  it  is  of  great  importance  to  asccrtiiin 
ihr  vapour  density  of  the  eompoand,  since,  if  this  be  once  knotto, 
it  it  caiy  to  calculate  the  molecular  formula  of  the  compound,  wliiUt 
fiunj  the  molecular  formula  it  is  ctjually  easy  to  calculate  the  vapour 
dwwity  of  the  body.  Iii  order  to  calculate  the  vajmiir  demtity  of 
•oy  coiQpuuud  from  it*  laolceular  furiuula,  it  is  assumed,  iu  ac- 
rardancc  with  the  results  of  observation  upon  the  compounds  of 
cirbuti  attuost  without  exception,  that  the  vohime  of  the  molecule 

t of  the  body  iu  the  state  of  vii|)our  is  4.  times  tliat  of  oxygen,  [if 
0  =  B,  and  [I  =  i)j  and  consequently  double  that  of  hydrogen  ;  or, 
Ibat  it  eorrcspODds  to  H^ ;  H^  being,  in  fact,  upon  Gerbnrdt's  view, 
Ibe  rcprcscutaliTC  of  the  molecule  of  hydrogen  when  iu  the  frte 
itate.  Now,  according  to  Itegnault's  experimciit^,  the  weight  of  a 
given  balk  of  atmospheric  air  is  14*47  times  that  of  au  equal  hulk 
ufhrdroi^Mi  under  similur  circumiitanccs  of  temperature  and  prcs- 
^^un;;  cotucquently,  douhUiig  this  for  H,  (the   molecule  of  free 
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hydrogen),  Jte  obtain  ;^;^=0'o69l  as  the  vapour  density,  or  itpcdfl 
grevity,  of  bydrogen.  And  in  like  mxnner  bj  dividiDg  the  mow 
cular  ncight  m,  of  nny  organic  ronipotiud,  by  3  x  14*47  (or  ll^l 
vi;  obtain  the  vapour  tleiitttly  d  of  the  compound  ;  ^=d,  ^H 
For  cxnnipte,  tlie  molecular  formula  of  Marsh  gas  U  (^M 
Slid  it«  vtiiifmlar  wtight,  nr  the  »\»a  of  the  atomic  ncight»  oTn 
component  elements,  is  16.  Novr  ,^^=o'55,  and  this  iiuidm 
agrees  with  Thomsoit's  ex[icrimcutal  dctcroituation  of  tbc  dciunl 
of  the  gfts.  I 

Ou  the  otlier  hand,  if  tlt«  vapour  denuty  of  a  compound  ■ 
ttDOwn,  and  if  ita  percentage  composition  have  been  dcUrrioituI 
the  accuracy  of  the  molwuliir  formiilu  of  the  hody  rimy  be  checU 
by  reversing  the  foregoing  process;  that  is  to  «ay,by  iuuUi)ilyiugtB 
vapour  deuftity  by  28'<j4,  wo  obtain  a  very  close  aj)proxiination  U  ll 
molecular  weight,  rinoc  f/x  ^^^^f^  =  m.  The  niinilMrm  obtiiinrd  ■ 
lliia  calcuUtion  are  never  absolutely  correct,  owing  to  uiiavoidall 
experimental  errors  in  ascertaining  the  vapour  density ;  hat  d 
errors  do  nut  nflcct  the  value  of  the  rotiilt  in  cciitrolling  ll 
molecular  furinuk  ;  the  atomic  constitution  of  the  molecule  may! 
naffly inferred  from  the L-alculatcd  rcaiilt;  and  thus  tlicarcurMjl 
the  formula  drtbiced  from  (hr  nnnlytlcal  opemtium  niny  bf  t-bnclca 

Fur  example,  the  espenmeiitid  determiliatiou  of  Ihv  sp«a 
gravity  of  the  vapour  of  etber  shows  it  to  be  3'5H6.  Nov,  3*a 
X  38(^4=  74*36.  The  simplest  formulti  dcducibtc  from  th^^| 
lyiis  of  ether  ia  C^ll^O,  corresponding  with  the  molecular  v4^ 
37  ;  but  the  forcgoiug  calculatioa  iudtcntes  that  this  formub  ml 
Ijc  doubled,  in  which  case  it  becomes  (C^IIjO),,  and  ibc  cotl 
i>[>otidiiig  molecular  weight  (=74)  agrees  asclowty  iu>  can  bcdctto 
irith  the  result  of  the  calculation  from  the  vapour  density.         I 

tt  woid'l,  however,  bo  out  of  place  here  to  enter  further  iq 
the  methods  of  checking  the  coi-rectucsit  of  nu  unalyKiH  in  j 
various  parts.  For  iuformatiwu  upon  this  point,  the  reailcr  iai 
ferrcd  to  Lichig's  Handbook  of  Organic  Aualym,  The  stihjeoH 
an  im|iortiiut  one,  nnd  it  is  uol  always  Millicien tly  atUnideil] 
by  those  who  devote  iheiuftelves  to  analytical  researches  of  tl 
description.  1 

I  ^  n. CUISSIFICATIOK    OP   OdnANIC  CoMPOrNOl.  | 

(914)  Gmrral  PHneipla  fif  Cta».rifieatian. — llu;  cln«siricdtioi| 
the  immense  variety  of  conipouiuU  thnl  axe  procnliNl  to  J 
plicmint,  cither  naturally  by  Uio  orgiina  of  the  living  Vfgfltablcl 
animal,  or  that  arc  derivable  from  the  InKlirs  m»  ohiained  liy  I 
employment  of  chemical  nTSgculs,  may  l>r  rfTt-ctoil  upon  two  m 
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The  firet  of  these,  vhich  resbt  »{>on  analogien  of  functiou 

jrtl'mg  to  wliicli  bodies  are  arranged  tiudcr  the  licad  ofackl*^ 
&<;.},  might  scccn  to  be  the  more  natural,  but  the  second,^ 
klch  U  bathed  on   the   chemical   rclntlons   uf  the  difTemit  com- 
Bunds,  is  the  truly  philosophical  system.     The  first  method  of 

igcmcnt  was  the  only  practicable  one  in  the  infant  state  of 
he  »ci<:iic4%  nntl  it  stJtl  presents  certain  ttdvant^igca  to  the  student 
to  Che  early  stage  of  bis  career;  bnt  the  second  will  crcntually 
lupersede  the  former,  as  it  grmtly  fnciMlat««  the  important  study  j 
of  the  troc  iuiulogi(,-»  of  the  ditl'creiit  compounds  with  each  other.  * 
The  time  is  approaching  when,  to  me  tlie  woriU  of  Oerhardt, 
"   -iTTintc  chemistrj-,  awarding  to  phr»iral  characteris  and  chemical 

:iuDK  but  a  secondary  importance  as  means  of  claasitication, 
Bnat  rest  upon  some  wider  principle  wliieh  i.«  ajipliuiihle  to  ull 
mbttanccs,  whatever  may  lie  tbeir  physical  charai^ters  and  their 
chemical  fuuctious.  Aflcr  having  studied  bodies  in  rclatiuu  to  the 
awbmorphosiea  of  whieli  they  are  Aitsceptihle,  tfie  rnuitl  group 
togtthtrr  (ho$f  which  are  derived  one  from  the  otfier,  and  when  she 
Im  thus  arranged  n  certain  nnmlicr  of  gronpR,  or  of  scries,  she 
niut  in<)uire  whether  aniongjtt  the  hoilies  which  these  groups 
cnbraoe,  there  be  not  some  which  have  a  hij^her  decree  of  rcscm- 
Uuice  to  each  other  than  they  have  to  the  other  cuuihinations  of 
tbc  amc  groof,  and  which  ca&«cqiicu tly  produce,  in  a  maimer  more 
K  kn  complete,  eomhitiationfi  tielonging  to  the  same  type.  Pass-  i 
iaf.theu,  from  ihccompjirisoii  of  ihcse  different  terms,  to  the  com-  ' 
pari&oa  of  the  different  groups  tahcn  collectively,  she  discovcre  ucw 
krakigictt,  bIic  limU  rccutriiig  groups  or  puritllcl  ^erien ;  atid  from 
ihu  |iaralleliam  hIiu  at  length  deducoi  some  general  formula  which 
*vm  up  the  coostiiution  aud  the  metamorphoses  of  the  entire  collec- 
tka  of  groupii  or  of  serie*," — TVnr/t  dt  Vhimiie  Orffaiiii/itc,  i.  i  li. 

Since,  liowerer,  the  true  relatiuiitt  of  a  great  uiiriibLT  of  bodies 
tneach  other  have  been  as  yet  only  imperfectly  traced,  the  most 
irroicd  admirer  of  a  strictly  chemical  clnH»iticiitiun  ii»  obliifctl  to 
make  a  bi^e  appendix  of  uudasbilicd  Iwdies,  aud  to  bring  into 
the  more  sytitemati rally  arraiii^d  portion  of  his  subject  many  auh- 
*lAnec*  which  have  but  a  qiicntiotinhlc  title  to  the  pliici:  nctronled 
to  them  ;  moreover,  a  rigid  adherence  to  such  a  priiieiple  of  claa- 
liSation  would  lead  to  the  scparatiou  of  bodies  which  in  their 
apptiratiouB  and  in  general  properties  arc  closely  allicrl.  We  Khali, 
theftforc,  here,  as  in  other  portions  of  the  present  work,  be  guided  1 
tiiher  by  cousiderations  of  coitreuicucc  than  by  the  rigid  rcquire- 
BtaU  of  •yatem  ;  and  ftliall  endeavour  to  select  such  a  methud  of 
UTFUgnncut  aa  »hall  moat  facilitate  the  pro^nreas  of  (lie  student. 
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Tn   tlic   present  work,  the   various   comp&miiii  of 
cheroistry  vfill  be  cxamiacd  id  the  following  order : — 

t.  Siigar,  starch,  and  ligneous  fibre. 

3.  AlcohoU,  etliers,  and  tltcir  dcrifntircs. 

3.  Fst»,  fixed  oils,  Bud  tUcir  allied  aciJa. 

4.  Certain  organic  acid*  of  vegetable  origin. 
J.  Amides  and  orcaiijc  bues. 
6.  £s»ential  oils  and  rcaiDS. 
y.  Colouring  matUtr*. 

8.  Productit  of  di-'structivc  distUlation. 

9.  Cyanogen  and  ite  dcrivativea. 

10.  Nitrogcnizi.tl  pnnciplcs  of  plant*  and  auinuU. 

11.  Certain  products  peculiar  to  aiiitnala. 

(9 '  5)  Chjtsification  in  Ihtaoht/ous  Scrirg. — It  will,  liov 
ailTantngeous  to  illuxtrntc  more  full^  tlie  priucifilc  of  the 
claasificatiou  by  means  of  a  few  cxaraplts.     This  piir|)08c 
answered  by  examining  the  relatione  of  alcobol  or  spirit  of  ■ 
otlicr  bodicA  nliich  rvNCiiible  it. 

i .  AlcohoU. — Alcohol  or  spirit  of  wine  is  the  most  impor 
member  of  a  group  of  compounds  which  manifcist  a  elo«e  annll 
with  cucb  other,  Itoth  in  chemical  composition  and  iu  the  de 
positions  of  which  tbuy  arc  suticcptiblc.     In  tliu  followiag 
the  compoaiiion  of  moet  of  llifi  dtScrent  bodies  which 
classed  under  the  generic  term  of  aloohoU  is  exhibited ; — 


Wood  Spirit 

AInuliol 

Tritjlic  or  Ppopylic  Alcohol 
Telntlmnr  Biiljtie  jtlrohol 
Amj'lio  Aleohol  (fouiol  oil) 
II«sylii!  or  Cnproio  AImIioI 
Ootjiic  (mirrj'lic)  Alcoliol  . 
lAurrlie  Al<y>bol  .... 
Cctjlic  Alcoliol  (EUiilJ  .    . 

C«nlic  Alcohol 

MeuMylic  AJooliol.    .    .    . 


C,  H,  O,  or 
C.  H,  O,  or 

ay„o,or 

c^nXor 

C„H„0,or 
C„iJ„(>,  or 

C„H„0  or 
ui;U>|or 


C,H,0,  + 

t\H,a,  + 
en  0  + 
c.ri,o,  + 

cji.o,  + 

C.H.O,  + 

c  H  i>  + 


i  (C,!Ul 
4  (t^>V 

7  l^.H,» 
19  (C.11J 


Now,  on  insinfting  the  fornmlte   of  the  alcohols  coiitaine 
the  foregoing  table,  it  will  hu  necn  tbnt  each  of  thu  fint  six 
pnundx  ixiniain«  a  quantity  of  nurbun  and  of  hydrogen 
Ogll,  than  the  compound  imiiK^liati-ly  l>cnciilb  it:  so   that 
may  b«  rcg^rdrd  bn  a  e(ini|Mtuiid  analo^ou*  tu  wood  sfiiril,  hut< 
tainlug  n  orrtain  addititmni    nnndier  of  multiples  of  tlio  hj 
nirhoi)  Cjllj.     Bndicfl  of  ttnii.l»j;<>n"i  prtiptTtii.-!t  w(  id 

rdatL-d  to  ciwh  other,  or  which  ''^?r.r    by  a   mulli^^l.,  „,  '^,U, 
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Mid  to  be  homoieffota.  Wood  spirit  and  fouael  a\),  as  vrell  as  cthal 
tud  cerytie  alcohol,  arc  termed  Aomohpuet  of  wine  aloobul.  Thcso 
dift^rrut  compounds  mny  l)c  rcprc^cutvd  under  »  ooinmon  formula 
rit,  (C,n,^jOj),  or  (!10,C.I1,,,0),  where  n  rtprcsttUs  a,  4,  6,  or 
tof  cna  number.  Tlie  boiling  point  of  these  liomologoiu 
hodiw,  it  will  be  observed,  rises  with  each  additional  increment  of 
t',Hj  by  about  33"  F. 

[916)   Clauijicalion  in  tlttcToloff^M  or  Collateral  Steriea. — ^Thia 

I     jinacifile  of  classittcalioa  admits  of  extension  in  other  directions. 

L  Erery  compouud  iu  a  hoinologoua  series  when  auhjcclcd  to  the 

Hietiuu  of  ohcniicnl  reagent*  fumisbca other  cotnpouuda,  dilfcringin 

^Lxnapcnition  from  that  from  which  they  are  obtniiicd.but  yet  \K*r. 

Hug  a  dctiuite  relation  to  it,     Thii?  alooliol  yields   under  variaiin 

cirentnstaiices  ether,  aldchyd,  acetic  acid,  &c, ;  and  thew  iKtero- 

f(f»ie«  or  difitrently  constiluled  bodie*  belong  to  collateral,  and 

iniitnktcly  related,  hut  diflL-rent  scries :  for  it  \a  fuand  that  the 

rfiRcrent  tnemben  of  a  homologoos   scries   exhibit   an  analogous 

deportment  when  submitted  to  Kimilar  cUemieal  rengcuts,  and  fur- 

iJi>h  derivative  jicrics  in  which  the  homology  is  slill  preserved. 

We  may  exemjilify  the  formation  of  these  collateral  series  in  the 

derivativea  obtained  from  the  alcohols. 

S.  Vinie  Acids. — When  onliiiary  alcohol  li  mixed  with  an 
opal  wei);bt  of  strong  sulphuric  acid,  a  large  portion  of  the  alcobol 
•nd  of  the  actd  dccniu]>n3C  each  other,  water  i«  formed,  wbiUt  a 
new  compotind  acid  termed  sulphovinic  or  «ulphethylic  acid  iHO, 
C^tl^OfSiOJ  is  produced  ;  one  molcvule  (3  UO,S,OJ  of  snl]dmric 
icid  acting  u|>on  the  elements  of  i  molcculo  (C^HjO,ilO)  of 
tlcoho),  wUiUl  water  iu  the  proixHtion  of  lljOj.  is  liberated.  Now 
nod  spirit,  foiisel  oil,  and  coeb  of  the  other  nlcohob,  when  siioi. 
bdy  trnati'd,  ruriiislui.i  a  eorni>oiiiid  |)prfeet)y  aualogou*  to  sulpli- 
rthylie  add,  as  \»  rcprescuted  in  the  following  table: — 

SalpfaonetliTlu!  An'td I10.G,  II,O,S,0, 

Salphetb7liD[Mai>h»(iiur)Aeid.    .    .    .  HD.C,  II,  0.!t,O, 

SnlpliotnlTlw  Aoni HO.C,  H,O.S.O, 

.SulpliMclrylio  A<.d HO.C.  H,  O.HjO, 

BuIpliMDjlio  Acid HO.C„U„O.S,0, 

thr  gvneral   Inrnmht    for  tliese   vintc  acida    being  (HO,C,H,.t,0, 

3,  Rlhrr*. — IfsulphcthjlicBcid,  or  if  a  mixture  of  equal  rolumca 
nf  Kniphune  acid  and  kloohol,  l>e  ex]>osed  to  heat  in  n  retort  and 
di<tilled,  a  volatile  Utinid  which  has  tieen  long  known  under  the 
lu.-nR  of  fihrr  pasMs  orcr ;  and  a  similar  tHxly  may  be  obtained 
fnua  tbc  other  alcoboU.     The  compositioa  of  tbe»e  diBaent  ethers 
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or 
or 
or 
or 
or 


(C,H,.,0), 

(C,  H,  0|, 
(C.H,0>, 
(C.H.O), 


such  that  all  admit  of  being  represented  by  forniulie  which  co 
tain  the  »unie  elements  ks  tlic  alcDliols  which  yield  then),  luinu 
water  in  the  proiKirtion  of  110  ;   thus: — 

Methylif  Ether C,  H,  O 

Vioicforwrilinnrv)  Klhn-    .    .  C,H,0 

OVitylic  (propvlic)  lither     .    .  C,  U.  O 

Tistrjliojbutyliu)  ElJiftr.    .    .  C,  11, 0 

Amylie  Elber Ci,H„0 

ihir  general  formtiln  fur  tbcsc  ethers  being  (C,II,4,,0) ;  consequent^ 
tbey  may  be  regarded  a»  being  derived  frum  one  molecule  of  ca 
slcohol  by  the  ab^tractiou  of  water  in  the  projiortjou  of  110 ; 

illStHRCC— 

JLlinknL  BtW. 

C^O^-  II O  =  CJH^ 

or,  generally,  (C,H,^,0,IIO)  -  HO=C,H,^,0.     It  ii,  boweve 
more  probable  that  they  are  formed  not  from  i  molecule,  but, 
will  be  shown  hcrca^er  (989),  tlmt  tlicy  are  derived  from  2  nx 
cules  of  alcohol,  by  the  removal  of  natcr  in  the  proportion  of  H^Oj 

2  (C.H.,,0,HO)-HA  =  (C.H.^,0),. 

4.  JT^drocltloric  and  other  cQrre»pontiinif  Ethers. — The  cthe 
ID  tbeir  turn  admit  of  the  displacemeut  of  the  oxygen  vrhich  tb< 
contain,  by  chlorine,  bromine,  or  iodine,  and  tliey  thus  produce] 
number  of  bodies  analogous  to  each  other; — if  alcohol  be  treat 
witli  hydrochloric,  hydrobroraic,  or  hydriodic  acid,  instead  of  wit 
aulphuric  acid,  water  is  sepamtedj  and  chloride,  bromide,  oriodid 
of  ethyl    is    formed;    for    example .— CJIb03  +  UCI=C,HjCI- 
11,0,. 

The  following  table  cxliibits  the  aontogy  and  tlie  homology 
these  compounds: — 


CciBpoaikdK. 

Ohkria*, 

Ocooilila. 

ItMa. 

Methyl 

Ktlyf 

Trilyl  (Propyl)   .    . 
T<-lrvl  (Buljl)     .     . 

C,H,C1 
C^H.Cl 

cXci 
c,X.ci 

C,lI,Br 
C.n.Br 

C„H„Br 

C„H„I 

In  the  preceding  tabic  several  blank  spaces  appear,  the  con 
pounds  corresponding  to  them   uot  having  been  formed  as  ye| 
though   there   is  no  doubt  that   they  ooidd   be  obtained  witboi) 
difficalty. 

5.  Hydrocarbmi  RadideM  of  the  Ethert, — When  iodide  of  eth] 
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u  senkd  up  in  a  ttrong  tuhc  aud  hcata)  to  about  300",  in  oontnct 
with  luctalllc  sine,  iodide  of  lanc.  aud  a  quantity  of  a  riRcnliar 
hydroTurbon  tC.Kj),  is  set  at  lilwrty.  Tliis  substauce  bas  hran 
Urmfd  etbi/l,  and  has  been  rcgurdril  an  tlie  Iwsix  of  ettier,  which 
bw  tbe  composition  of  an  oxide  of  this  hydrocarbou.  By  analo- 
gCKta  nieiuts  bodies  cocre* ponding  in  compost t ton  to  tlie  radinlos  of 
■ewral  of  the  other  etlicre  haire  also  l)ecii  isolalud.  The  gctncrai 
fermula  of  theae  compoutida  majr  be  reproecntcd  as  (C,H,+,),  or 
nth«r,  when  isolatnl,  aa  (C,ll,^j)j;*  thus — 

HHbyl C,H,        or        (C,  nj, 

Ku.jr clul      or      en 

TriijUP«pyI) C.  H,         or        (C   H  , 

Tctrvl  tBuiyl) C,  H,         or        (C,  H^) 

Anj» C„H„       or        {C,.H„), 

6.  ffomotogomt  Hiffiroearbons  of  the  form  (C,II,). — If  alcobol 
'  W  treated  with  three  or  four  times  its  volume  of  milphtiric  add,  or 
vith  aQliyilrous  phosphoinc  acid,  and  be  distilled,  each  molecule  of 
«tcohol  \o*vv  all  its  oxygen  atid  two  atoms  of  hydrogen  in  the  form 
of  water  {H,Oj],  and  a  gaseous  compound  of  carbon  and  hydrogen, 
[C^HJ,  wbidi  constitutes  olefiant  gas,  is  liberated.  A  similar 
bydrocsrbou  may  be  obtaiaed  from  each  of  the  other  alculiola : 

AbotoL  OltA  Oh. 

For  example—  C4HbO,-H,Oj=C4I1,; 

find,  gciicrally,  C.H,^,0,-U,0^=C„n.. 

G«a«ra]  Formula        =:  CaH.         or        C,n..,H 

H«()iy)«oe C,  «,  ot  ^H.  H 

Klltylon«(01i>BuitOiU)     .     .     .  C,  II,  or  C,  H^fl 

Trityleae  (PropylOMi)  .    .    .    .  C,  H.  or  C,  H,,H 

T*iiylMi»tOilOB») C.  H,  or  C.  H.,H 

AmyleM C,„U„  or  C„H,.H 

;.  AtJehfdi. — If  alcobol  bo  distilled  with  oxide  of  mangancw 
\»ai  diluted  anlpburic  acid,  or  irith  other  oxidiiting  agents  the 
.nidjiting  influeittx  of  which  can  be  applied  with  lufliciuut  eIow. 
land  rf^itlarity,  a  very  volatile  liquid  oiay  be  obtained  (1077)^ 
|(aefa  molecule  of  which  contains  the  elements  of  one  molecule  of 
[tkaholj  miuas  2  atoms  of  hydrogen,  'niin  Mubstaucc  is  known  as 
jiUrliTd.  By  similar  mcaux,  oorresponding  compounds  may  1)eob< 
tuocd  from  tlic  other  alcohob,  these  aldehyds  possessing  the 


*  TIm>  acvfMitj  fer  d^nibling  tti«  fonnoJK  of  tbc««  bodies  when  isoUt«d  is 
«d  in  paiajfrapli  t03{t. 
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Grocml  Forraala.  C,B,0,        or       IIO,C.&..^ 


Fonuii-  nldcliyd C,  H,  O, 

Ac«tic  aU  '     " 
Propioeic 


Ac«tic  sldvbyd C,li,0, 

Propioeic  aldebvd  ... 
Bfltrhc  aldvbjfd  (Butj-ral) 


d  .    .    .    .    C.  H.O, 

_._., _,_(ButTralJ    .     C,H,0, 

Vilorie  alilebjrd  (ValeralJ     .     CmB,.0, 


or 

or 
or 
or 
or 


no.c,  H  o 

HO.C,  H,0 

UU.C,  H,0 
HO.C\,H»0 

l)ie  action  of  oxyjgeii  in  Ibe  proportion  of  O,  upon  i  molcculo 
alcoliol  is  to  couvcrt  it  into  an  aldchyd,  with  llic  rciuovnJ  of 
iu  tbc  proportion  of  11,0, ; 

and,  generally,    C.H^.O3+0j=C,H.O,+  H„0,- 

8.  Homologous  Vohtite  Acida. — The  aldcliydx  arc  neutra 
stances,  hut  tht^y  mpiilly  ahwrb  oxygen  from  the  air,  iu  tho 
purtioH  of  Oj  for  cacb  molecule  of  the  aldehyd,  and  thus  be 
coiiTcrtcd  into  powerful  hydratcd  acid^,  the  gvncral  fomi 
thcac  hydratcii  being,  HO,C.H^,0,.  or  {C,II,)0,.  These 
compouuda  ure  therefore  derived  by  a  pn>oe«»  of  oxtdattoa 
the  alcoboU ;  the  formattou  of  the  aldehyd  being  the  iiiternii 
atage  in  tht^ir  production  :  eacli  molecule  of  the  alooh<jl,  nheu 
oil  by  oxygen  iu  the  proportion  of  O^,  i»  converted  into  one 
cule  of  the  hydrate  of  a  corresponding  Totalilo  acid,  whilst  1 
of  hydrogen  arc  eliminated  in  the  form  of  water. 

AlMhtt.  JUatWArid. 

Thu«.  C,H,Oj  +  0,=CJH.O,  +  H,0, : 

And,  genet»Uy,  C,H„^^0,  +  0,=C.n.O,  +  H,0,. 

The  volatile  fatty  acids  belong  to  tbi*  serJDS,  which  is  indeed 
cutnpletc  than  that  of  the  alcohols.  A  considerahlc  outub 
thefie  acids  exist  lit  many  of  the  vegetable  and  animal  fats  and 
but  chemists  Lave  not  as  yet  succeeded  in  obtaining  a  gc 
method  of  reconvertiug  the  I'ntty  acids  into  alcohols,  tliougl 
alcohols  are  readily  converted  into  their<Mfn:5ponding  ticids. 
more  inportaut  of  the»c  acids  are  the  followiug : — 

Omwia  FotmiiU.     =     HO.C.U.^.O.       or        i 


Formic  acid BU.C.  U  O, 

Anetic 


PropioBie     .... 

Butrrii.' 

Vnimc 

CD|>roie II' 


or 


§ 


no.c,  B,  o, 

no.cMi.n!  -^- 


(Kiinnliijrlic 
t'Bprylir  . 


II' 


or     c,  n,  o, 
Of     c«n..o. 

or 

OF 

or 

or 
or 


C     f 


c':a: 
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la  uric 


HO.C«Ii„0, 


Myrirtic HO.CiH-O, 

Palmitic HO.^H„0 

StMric HO.C 


C«rolio 


iio.c..»„o. 


or 

or 
or 

or 
or 
or 


c>X 


Kciiwdc no.c«u~o, 

Eodi  molecule  of  acid  corrcjipoudx  to  4  Tolunaes  of  vapour,  (if  0= 
8  represent  i  vol.),  and  requires  j  eqnivaleat  of  a  biisc  like  potuli 
for  its  saturation. 

ThiH  group  of  acids,  which  !•  one  of  the  most  complete  of  tlic 
IiORiolog^>U9  series,  illustrnte*  in  a  rery  interesting  manner  tlie 
general  similarity  iu  (jropertie*  which  always  exists  in  homologous 
bodies.  This  Htatcmcnt  may  appear  paradoxical  when  the  extreme 
lertns  of  the  seriea  are  eompared  together,  since  formie  ftcid  i»  *n 
acccdingly  pungent,  corrosivt,  toiatilc  liquid,  which  rwimres  cool- 
ing below  33",  in  order  to  render  it  solid,  and  it  is  miacible  with 
wBtfv  ID  nil  pn^rtions  ;  whiUt  mclisnic  ncid  requires  a  tempcrit- 
tnre  of  192*  for  its  fusion,  is  insoluble  in  water,  and  has  the  pro- 
perties of  a  fat :  but  if  we  compare  together  the  contiguous  tonns 
of  the  »crie*i  audi  as  the  formic  with  the  acetic,  tliu  aoutic  with 
the  propionic  acid,  and  so  on,  no  abrupt  change  in  prnpertios  will 
be  perceived  between  the  contiKUous  terms;  each,  a*  llie  proportion 
of  c&rbon  and  hydrogen  increases,  becomes  gradunlly  less  and  Ic^ 
Tolatile,  less  ftwilde,  icsa  susceptible  of  solution  in  water,  until  we 
reach  the  true  fatty  acids.  Now  this  similurity  in  properties, 
which  is  observed  equally  in  other  groups  of  homologous  sub- 
stances, naliinilly  lesdo  to  the  suppoi*ition  that  there  munt  be  a 
similanty  iu  chemical  constitution.  It  is  nut  unretidonablc  to 
ruppose  that  the  acids  110,0.11^,0^  are  all  formed  upon  the 
plu)  or  type  of  the  simplest  of  them,  rii.,  formic  arid.  Various 
t]icorics  may  he  advanced  as  to  the  composition  of  formic  acid,  but 
whatever  that  oomjiositioQ  may  be,  wo  may  imagine  with  Wurtz 
and  with  Goihsrdt  that  the  other  acids  arc  so  many  varieties  of 
formio  acid,  which  contain  ethyl,  trityl,  tetryl,  Stc.,  instead  of 
hydrogen  j  thus : — 

Formio  i>eia     .     .    .     . HO,C,(H)0, 

Acetic,  ormctUTlformio HO.C,(C,B  ,|0,  

Propiooio, or  ctliyirormic HO.CjlC.H^tO, 

Botyric  or  trityffonnie HO.CJC.H.iO, 

V«l«T4c,OTt*(»yIfopiBio nO,C.(C.H,)0, 

a  somewhat  umilar  hypothesis  mi^ht  he  extended  to  the  diRercnt 

atcohots  themselves. 

It  will  tic  perceived  that  nil   the»c  groupx,  derived  from   tlioJ 

alcohol*  by  decotopoeition,  are  produced  hy  an  analogous  decom-^ 

pttntbn  of  the  sereial  alcobola,  and  that  they  all  prcacrrc  a  Mrict 

S  0 
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homology  in  tlieir  respective  groups.  Tliis  will  be  more  caaily 
tnioec)  by  the  nid  of  the  Tabic  below,*  in  vhich  the  different 
clsasea  of  compounds  just  described  arc  so  arranged  that  all  thooe 
compounds  which  are  placed  iu  the  name  Tcrcica)  column  oie 
homologous,  whilst  those  which  arc  placed  iu  different  colutnnfi  are 
heterologou«,  or  diaaimilar  in  molcciiiar  constitution  and  iu  ehemi- 
cal  characters:  but  it  will  be  sc-eu  tbiit  those  bodies  iu  the  same 
Lorizontal  lino  are  related  to  the  same  alcohol ;  thej  are  all 
formed  froin  it  hj'  reactions  similar  to  those  by  which  each  of  the 
corresponding  compouada  in  the  other  horiaoutsl  lines  arc  formed 
from  their  alcohol. 

KxoeptiunAt  to  this  uniformity  occnr  in  the  laxt  column,  in 
the  cmo  of  the  compound  ethers,  the  formula  for  u-htoh,  in  the 
m^ority  of  instances,  represents  the  ether  formed  by  the  union  of 
the  ncid  with  ctbylic  ether,  aiucc  these  compounds  have  been  more 
generally  formed  and  studied  than  any  other  kind  of  compound 


*  Tabte  to  ilbtttrate  the  Arrangement 


f 


\ 


I 


Eydn- 
MrbuDo. 


T- 
S. 

•*■ 

10. 

11. 
■  I. 
"i- 
"*■ 
15  ■ 

lb. 

1 7. 
iH. 
ly. 

19. 
97. 
30. 


U.U. 


e„u« 


c^iC 


Sdtbiunto  I 


w  ■"hen  froo 

IO.U.4,1. 


If.  IJ.), 
tC.  II. I, 

(0,  H.. 


Bar 


C.H„j0 
or  WbcD  free 


(f.U.O), 
(C.H,0), 


{c^n^of. 


aO  or 


Hi 


0, 


SiUpliidH. 


or  irliGD  lre« 


(C,  H.S), 


(C.^,,8), 


(C«II,9), 


BSor 


H 


Chloride*. 


c.n.a 

C.H.d 

o.eIci 
n,  H.  CI 

C«U„C1 


C,.B„C1 


C„C».CI 


HCl 


&Ioohola.  I 


C,  H,  U.BO 
l:.  H.O.HO 
C,  H,  0.110 
C.  n,  O.HO 
C„U,.0,HO 
C„U„0,HO 

C„H„O,H0 

c„H„o.no 


C.n,.o,no 

CJi.,0,HO 


t  HOar 
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ether ;  tBon^  in  a  &v  instancea  the  compoand  ether  resnlting 
from  the  niiion  of  the  acid  of  the  series  with  its  corresponding 
ether,  is  gireo,  and  there  can  be  no  ctoabt  that  snch  etben 
might  in  all  cases  be  formed  if  ahj  sufficient  indncement  to  their 
preparation  exuted  ;  or  if  Uie  materials  required  vere  sufficientlj 
abundant. 

The  column  headed  Mereaptan*  contains  a  series  of  com* 
pounds  vbich  correspond  to  the  alcohols,  and  are  strictly  analogous 
to  them ;  they  contain  snlphnr  in  the  place  of  oxygen :  the  aul. 
phidet  are  analogous  in  like  manner  to  the  ethers ;  and  the  bro' 
midet  and  iodide*,  which  however  are  not  included  in  the  tabl^ 
are  analc^Tu  to  the  chlorides.  The  quantities  represented  by 
the  formulse  given  in  the  table  yield,  in  all  cases  where  the  com* 
pound  is  volatile  without  decomposition,  4  volumes  of  vapour 
if  O  =  8  be  taken  as  t  vol.  In  this  table  many  bhmks  occur,  which 
could  in  most  oases  be  filled  up  if  thecomponnda  which  correspond 


fa^poundM  in  Homologmu  Seriet. 


MifrCaptann. 

JMehjdit. 

ToUtile  A  aids. 

CcanpoiUid  Elheni. 

C,H,4,S, 

C.H„0, 

C.H,0. 

C,H„4,0.C,H^,0, 

or 

or 

OP 

or 

c;h.,o.j 

EO,C,H.-A 

c:i:::°'l^' 

1     C,  H,  S,HS 

C-H  0,H0 

HO,C,B  0, 

C,H,  O.C,Tl    0,       1. 

C,  H,  S.HS 

C,  H.'O.HO 

HO,C,  H,  0, 

CjH,  O.C(H,  0,     1. 

C,  H^0,HO 

HO,C,  H,  0, 

C.  H.O.C.H.O,      3- 

1   c,  H,  R,na 

C,  II,0,HO 

HO.C,  H,0. 

C,H,0,C.H,0.     4. 

1     C„B„S,HS 

C,.H,0,HO 

HO,G,„H.  0, 

C.„H„O.C,.H,  0,      s. 

C„H„0,HO 

H0,u„H„O. 

C,  Hj  0,C„H„0,     6. 

c::h;:o,ho 

ho,c;:h;;o 

0   H   O.cIhIo;      7. 

HO,C,.H,A 

C.H,O.C,.H,.0.     8. 

H0,C,.H„O, 

C,H.O,l:,.H„0,     9. 

C„H,.0,HO 

HO,C„,H„0, 

C,B.O,C..H„0.    li: 

C,H,0,C^H„O,    .*.' 

c„H„o,c„g„o,    ,6: 

C,HiO,Cj,H„0,    ib". 
19. 
ao. 

H0,C„B„O. 

H0,C„H„O. 

C,H«S,Ha 

C„H„0,HO 

H0,C:„H„O, 

HO,C„H„0, 

H0,C„H„O. 

HO,0„B„0, 

G„H„0,C„H„0,    77- 

HO,C„H„0. 

3t>. 

1  HS  ^ir  H  [  H, 

ii 

H    0 

H    «. 

d2 


Sr 
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in  ilicm  [>i 
P'ins  thriri 
to  the  ti-l. 

Dr.. 


-united  sufficient  iotcn^t  to  induce  (lie  clmnist  to  pre- 
"Sbw  compoimilx  are  indet^d  hinog  cotitiimally  added 
Bj  ttius  muppitig  out  llio  tcrritoTT  nltich  bu  bttin 
pro^eas  of  future;  n^carch  is  mntcmlty  nidrd,  Mid 
ijioimd,  o-s  it  is  discovered,  more  rcaditj-  fulls  into  its 
triit*  plkTc,  iridic  its  rL-lbtioiis  to  otlier  bodies  previoueljr  knowa 
arc  suttdpttled,  and  rcsdiljr  vcrilicd. 

Kthi^  obwrvatioiiti  upon  the  crystalline  form  of  Itomologout 
hiiAim  arc  still  irantcd;  but  it  «pj>ear8  thatiu  maoy  caaee  lioaiologou* 
en-  r.  'ti  itrc  inomarplious,  though  thin  is  iiot  hy  nny  mcnna 
U.  unie.    The  niethyl-sulphatc  mid  cthyUfulphittu  of  Itaryla 

a{)pcnr  to  he  isumorpbous  ;  euch  is  the  case  alw  with  the  aliiins 
formod  vitl  sulpliate  of  alutniaa  hy  the  sulphates  of  the  alcohol 
hcK'".  mctlivna,  cthylia,  amylin,  ami  trimethytia;  but  the  iluuble 
salr.  formul  by  the  clilortdca  of  tliCMi  bae«s  with  bichloride  of 
pli'iTi.u'i  ir-  dcciilcdly  not  isomorphons.  Tho  douhic  a&lt  of 
li\  J.>  -1.1  >ri>'..  of  trimi'thylia  and  biDhluride  of  platinum  is  isomof- 
phoM*  vilii  ihn  oorrespoudiug  enit  of  animoiiia  ;  but  the  corrcaixiuti* 
iDi;  I*  lublc  talt  of  cthylia  crystallizes  in  rhomlxihodra,  aiid  tlmt  of 
dii  -UAia  ill  o1ili(|iie  prisms. 

(yj7)  Tlirorg  ((f  CotHpouud  Radicles. — Liebig  explained  tbo 
«Ii:  ='--'T  =n  prupcrtica  between  the  terms  of  homclogous  Beriea  by 
su  i!i>'  existence  in  wich,  of  a  certain  group  of  clemcuta 

»l  ■■  I  lie  fi  ;ird«I  as  the  radicle  of  the  series.  He,  iu  fact,  made 
thi  'lii-i>rj  -  I  ■omjiouati  radicks*  as  it  is  termed,  the  basis  of  hit 
classilicatioi),  and  dc6ued  oi'^nic  chemiittry  to  be  the  chemistry 
of  compound  radidea.  According  to  this  Huppositioo,  the  basil 
of  each  ether  is  a  hydrooarhon,  from  which  all  the  Ae/To/u^ptur 
bodies  of  the  scries,  or  bodies  cot  analogous  iu  oomjwMtiou,  aru 
derived :  for  rxnmplc, 


Mriiyi .  .  .  .  (c,  ir^ 

Ellijf     ....    (C,  Hj 
Amjl     ....    (C„B„J 


£IS  «•.  or  OjiJf  (tflUe  JtaJifU. 
>loihvlic  KiL*r  .  (C  H/ta 
EtUyli*  Killer 
Amy  lid  £tli«r    .  :'. 


AteoAot,  or  Uvdrafetl  Ori'te. 

"Wood  Spirit  (C,]i,)ano 


Alwfcor.    .    ((,'.  HjO.no 
!OiI  .    (C„H.,fO.HO 


l^oiweli 


Formialr  of  irmlijl .  (C,  M 
XcMmW  (it  Etiitl  .    .  (C.  I 
V*Ur»t«*rAiu'rl.    .  lC„:-, 


"  '''  H)  O, 

:  iijt>; 

,.11,)0, 

upon  this  theory  the  simple  etlivrs  are  oxides  of  the  peculiar  electro- 
poEitive  hydrocarbon  (p.  48)  which  forma  the  rodicln  of  the  scries ; 


•  Tli«  fliTTTifin    !•-  -t  if  eonnBonly,  tc  -iMj-  lnta»!Mji<J 

jvu<kinu(;.  '  may  kitpm  _,i:t 
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olcobofs  are  the  bydratefl  oxides  of  the  lame  radicio,  and  the 
•called  hj'drocliluriL',  bvdnibroaiic,  liydriodic,  and  hydrosulpliurjc 
Rj  are  coin{>ouuda  in  wliioli  cliloriue,  tiroiiiiiie,  iodiitr,  or 
n)|ibar  luire  taken  the  place  of  the  oxygen  of  the  onliuary  ether, 
[•-jittt  aa  iu  tlie  coiupoiiuilB  of  a  mcta),  thct  chlorine,  the  iodine, 
tot  tlie  sulphur,  displacca  (he  ox^gou  ;  vhiUt  the  oom)ioun<l  group 
Itenned  ctliyl  (C^Ii.)  discharges  a  fuiictiou  iu  these  coinpuuiids 
jioalogoua  to  thnl  of  putussium  in  its  italtit:  tlius,  calling  cth)~l 
||C,Uj^£t.f  the  two  series  would  run  na  follovs^^— 


Oxide  of  potassium       KO 
QiV>ridc  orintaMium  KCI 
Iodide  of  potiutmm       KI 
Sulphide  of  potas^iuro  KS 


Oiidc  of  ethyl  .  EtO 

Chloride  of  ethyl  .  EtCl 

Iodide  of  ethyl'  .  EtI 

Suli^idc  of  ethyl  .  BtS 


[mercaptanit  corrMiiond  in  coropmition  to  nicobol  in  which  tfce 

of  the  oxygen  is  itnpplied  by  »it1phiir;  nbilnt  the  compound 

\tAen,  nich  as  the  formic,  the  acetic,  aod  the  valeric,  are  regarded  in 

l«  liglit  of  »alU,in  which  the  formicjthe  acetic, or  valeric  acid  is  com- 

Uicd  with  the  oxideof  methyl,  of  ethyl,  or  of  ."ome  other  eompoiind 

(alide,  by  which  it4  acid  propcrtiea  arc  completely  ncutrolbed. 

Tbc  aldchyiU  and  acids  arc  regarded  as  Ixrlon^ng  to  n  different 
•friw,  whiL'h  eontainsa  different  orgnnic  radicle  possessed  of  eiectro- 
t>Tati?e  jiropertiea  :  for  instance, 


^ssr* 


Ihajiiiic^ai 

hA«fb(C«nj 


U  j4nt-l  0«4«, 
or  J,iithyi. 


Acid. 


BrHnlHl 
TulMili  Acid. 


Jy^^}(C,K|o.ao  I  ironuiBUo.ie.Hio, 


PflwUandf- 


1 


^^}(C^'CU 


IWlbnnnla  for  Ihc  mdiclcof  each  of  tbcsc  cleclro-ne^tivR  tieneB, 
I  it«0l  tie  seen,  dilTers  from  tlmt  nf  the  radicle  of  the  alcohol  from 
,  tludi  they  art-  produced  by  3  atoms  of  hydrogen  :  methyl  (CjII,)! 
n  (ke  losa  of  2  atoms  of  hydrogen  yielding  tbc  element*  of  tliO 
'  ijrmjriic  radicle  (C,H) ;  ethyl  niiniw  2  atoma  of  hydrogen,  forniBh- 
'  inf  the  elements  of  tbc  acelyiic  radicle,  and  so  on. 

It  is  true  that  the  theory  of  compound  radidc*  BuppoMn  the 
nittetwc  of  a  namber  of  substances  which  have  not  1)ecn  isolated, 
•Dd  abo  of  many  which  probabty  bare  no  acpnrute  existence. 
,  Tbo  theory  indeed  cannot  l>c  supposed  to  afTord  a  correct  rcprcscn- 
itiou  of  the  molceular  constitution  of  orgnnic  bodies  ;  hut  it  is 
icoarenicDt  fiction,  which  m.Hterially  facilitattrs  the  reU-ution  of 
heir  cuinpoiitioii  iu  the  memory,  and  the  comprehcasion  of  tbc 
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vatonv  or  compound  badiclu. 


itictamorpliOMa  which  sucU  compouucb  experience.     Ouc  af  I 
first  groups  to  witioli  it  was  systenistically  appUod  by  Licbig 
WiShler  uMthut  dcrivnl  from  the  cwtciitial  tiil  of  Iiittirr  iiltuun 
This  oil  VM  regivAed  by  these  chemistd  bji  cuiititininj;  an  ur{;a 
radicle,  to  which  they  gave  the  iianie  of  benzoyl  (C„U.O,), : 
which   may    l»c  couveiiicntly   distiRguishtMl    by   the    Kyiubol 
Although  uuEui-Teii^riil  in  the  nttciuiit  to  isolute  this  radicle, 
succeeded  ill  Irausr^rriiig  the  group  of  which  it  wa^  &up[ 
cunsiat,  from  onu  elementary  aiibslniict.-  t»  uiiolhcr,  mill  lit 
it  to  vuter  into  cumbination  with  other  organic  groups; 
tlic  aid  of  ibis  hyjiotheiid  they  were  euahled  to  give  as  aimplci 
inlclligiblv&n  account  of  the  mode  in  which  tbccomixjuudK  dc 
from  it  were  fonned,  as  thotigb  they  hml  1)eea  dealing  nith  i 
or  other  conipouiida  of  a  mctoL     Tbc  udvuutafjes  thus  o(i 
inty  be  n.-ii<li-red  ovidcnt  by  comparing   the  cmpiricul  funnall 
these  coiniKmtidB  with  those  in  which  the  organic  radich;  '%*  ttssat 
to  be  present : — 

'~''^'        C„H,0,=B« 


faqMrlol 

FMDIBh. 


0{l  oriiitt«r  Almonds  . 
Bcnioic  Acid  .... 
CUorinal«4  CompQund  . 
Sutphur  C(>n)|>minil  .  . 
Cyftiiogi'n  Compounil 


»eI],    Myilridc  af  Ben 
nO.BeO.    Oiiili-of  Idi 
BaCl,  Ihluridpor: 
BiS.    Sulphide  of  I 
BiCy.  Cy  miilo  of  T 


It   if,  inoroovor,  to  be  olncrvcd,   that  many  subatanc 
^ponding  in  compDHitioa  to  ccrtaiu  of  the  organic  radicles 
iwlatcd.     The  cxisteiico  of  cyniiG^n  aa  an  electro-ucgativc  or 
radicle,  and  tJie  n'mctrkitbic  analogy  in  iu>  nitxle  of  cotti'  * 
that  ofcbloriue  and  the  halogens,  were  known  long  Im  ' 
had  attempted  to  generalize  the  theory  of  organic  rwlifdco. 
ftu1)itcquoiiLly   t»olat<'d    kakody]   (C^HjAs),  which   i»   ai»   rac 
repreM.-iitative  of  the  elcctro-positivo  clasa  of  radidcs,  and 
I>odicH  of  atialogouA  oonipo^itiou  hare  dincc  hocu  obiaiucd  ; 
sicn-ml  <-oiii{)oinid<i  havinj;  tin-  coiniiOMiiun  of »  i  ' 
and  methyl,  which  are  siippoBod  to  form  the  h 
and  ethers,  hare  hecu  obtained  in  a  separate  form  by  the  Talc 
reM-archctt  wf  Franltland  and  other*. 

(yiS)   Theory  of  faolaled  Radidtt — Atama  and  Malecuit 
The  icecnt  progiVAa  of  resoirch  has  rendered  it  Tcry  probablo 
thr  111  "        '"n  iiwtatnl  arc  imt  r-     "      ' 
titice      ;.        ;  tol>e.    Ijtitcr  uritei'     ■ 
who  expre»«ly  rrjcctn  i»oUhility  aa  ctfiutiUilitie  aiiy  pArt 
id«a  of  a  radicle  {Trailv,  u  iv.  p.  $6f)).     "  "    t 

clearly  understood  that,  in  N[)eakiii(r  tif  a  r. 


THEOBT    OP    IBOUTED    RAlllCLES ATOMS  AND    MOLECrtEB. 


aabstance  onder  tlic  fonn  and  witli  tbc  properties  irliich  it 
luld  have  iu  an  isolated  condition;  but  I  distiiiguiith  by  it 
'liinply  tW  proportion  in  irhicb  certain  elements,  or  groups  of 
(temcnts,  may  be  stibstituted  fur  others,  or  may  be  transferrcH  from 
one  body  to  auother  in  tbc  process  of  douUe  decomposition." 

Doilies  ffltcn  in  combinntion  present  cliftrnctcrs  and  properties 
TOT  different  from  those  wtuc-h  they  esbibit  in  what  is  usually  re- 
gutledu  tliuir  free  or  itolatvd  condition.  Tbeaffiuitiesof  bodies  in 
dinr '  aawcnt  state/  or  at  the  moment  of  their  liberation  from 
apmliiiintion  tritb  others,  arc  hy  all  clif^miiiits  admitted  to  lie  much 
more  Ktivc  than  thiusc  whidi  tbcy  possess  in  their  '  free  state,' 

In  fact,  it  apiKars  to  be  highly  probable,  ns  supposed  hy  llrodie 
{i6^,note)  and  iftrongly urged  byOerhardt  and  lii*  followers, that  few, 
'■tf  iny,  elementary  suImIiiuccs  iu  their  uncoiubiued  condition  arc  in 
mlity  known  to  »s, — the  so-called  elementary  bodies  licing  really 
(ompotinds  of  at  Iciet  tiro  atoms  of  the  true  clement  with  each  other. 

lljrdrogca  gas,  for  vKUDiple,  i»  oot  simply  H,  but  is  11^  or  ,A,  or 

byitfide  of  hydrogca  j  metallic  potusiiim  is  not  simply  K,  but  K^ 

*v[>  or  potassidc  of  potOHsinra ;  in  tike  tnnnuer  chloriuc  gae  is 

g|,  or  chloride  of  chlorine.  Tbis  view  has  also  been  extoiided 
to  the  so-called  compound  orguuic  iodides;  cyaoogen  gas  being 
lae  C,X,  but  p^vf'  "'  '=y*»id'=  of  cyanogen;  and  liquid  kakodyl 

l[,  or  kakodylldc  of  kaltodyl.     Indeed,  it  admits  of  cxpcri- 


Kd 
Kd 


Btato]  proof  la  many  cases,  as  in  that  of  methyl  (1038),  that  the 

CM) 
twpauud  must  be  thus  doubled,  methyl    being  truly  /^^u^fj  or 

c  10 

Oftliyluleof  meUiyl;  ethyl    being      *    *t,  or  etbylide  of  ethyl; 

lortic  anhydride,   f,'|/-^^fi  o*"  «cetic  acetate;  and  so  on. 

The  iniiKirtaul  iulluencc  which  this  %icw  has  exerted  and  is 
llttll  c*crtiug  upon  tbc  progress  of  the  »clenee,  renders  it  ncocssary 
'  Jcivlupe  it  soiticnhat  fitrlhcr. 

lo  order  to  give  precisiou  to  our  language,  it  will  be  convenient 
Wetodrev  adiftiiiction  between  two  m:t^nitnde»  of  the  component 
ptrtidf^ofall  elementary  bodies,  viz.  i.Thc  Alotn, — or«malic*tand 
(bctuif-ally  indivisible  particle  of  each  clement  which  ean  cxi'*t  in  a 
GHMpounrfuuitcd  with  other  particica  either  of  lite  >amc  or  of  different 


TIIZOKV   OF  COMl-Ol'^H    - 


which  such  cani]>< 

fnKi[«  lo  wbicli  it  Iran  eyali-'i 

ik^VftstltiU  ()t'rivL-(l  froiu  ti>< 

oil  v(ut  rrj^unlcil  by  tUcae  i'l< 

wlidc,  10  wliieh   ihey  gave  ihi-  ■ 

which    may    be  conveniently 

IAIthuitgh  uiisucceii^fiil  iu  lUt   . 
>HCLT«lc(l  ID  iniiisfeiTiiig  tlii'    . 
^iDMHt,   flXlHl  OUC  clcmi^lll  ' 
it  tu  I'lttor  into  cni»biu»:i> 
the  nid  of  this  hy|iDthi3ii«  Lin 
iutflligit)lciiii  account  of  t;. 
from  it  ncre  fonncd,  as  l ' 
t>r  otlltT  oouipuuiids  of  :i 
uMy  be  rrtiilcrutl  uvii'' 

IthrM>com|)oui)(li>  witU  il- 
ia Iw  [m-seiit : — 


'I 


11, 

I'l. 

I').'  ■■-. • 

It  )»,  n 
|a|>otu)in|t  til 

tutlirlr, 
I  (lint  uf  > 

Litl' 


1(11  itm) 


n*' 


AIiqoiiiIm 


urn  MOLCCPi 

-'pftralc  form  ; 
elementary  i 
v'l.     11,  tor 

^■iits  iu 

qiLeiit  coiuidc 


and  muleeiile  majr 

•ifiitiiHif  otum, 

Miicc  which  la 

-ties  of  matter; 

l!ic  smslh'st  quantitjr 

<jbitcd  or  iicparattr  couil 


rcr 


ofis  will  liccomc  obvionsj 
^i^  the  moftt  Qituot  nic 


■i  the  bodtcH  hitherto  d 
■toA*  of  tho  eleiiM-iit  with 
luh  otiier  ao-caUcd  dvinc 
is  DKnl  cases  attended  hy  d' 
-  union. 

[.■'\  and  chlorino  unite   to 
i  be  thus  rcprescntol  :-^ 


tit«,l 


fs 


-  Cl>  ^  Cl)  ' 


uf  tlie  atoms  of  hydrogen  Mx' 

■,    with    ODC    of  the    ; 
ii-  gax :    atid   the   te»y 
.(liucbloric  acid  !;iis. 
. ,  tl   half  been  statu]  -- 
\{   the  rvacliud*  in  wl. 
.^WD  io  which  Ic&s  than  i 
1 1",  th«  iiKXcsti'i 

.  wn,  +  iici 

+  HCI 

+  iia 


tQfiuJir  or  ieuL.tTCD  iudiclks — atoms  a\'d  mo: 


II 


:  And  tbe  same  is  true  m  all  other  cnscs.  Hence  it  has  been  concluded 
thftt  the  «ma1le»t  particle  of  chlorine  vhich  can  cxi&t  in  Uic  Tree 

I  KUc — its  molecule,  iti  short — mii»t  coiitniii  two  atoms  of  chlorine. 
A  nmilar  ncccMity  for  the  ))Tcsciice  of  at  K^ast  two  atoms 
Afbracaioc,  and  of  iodioe,  hnn  hcen  obwrvcd  in  every  rcnctiou 

i  a  which  they  take  jtart ;  and  the  same  tlihig  is  true  of  hydrogen 
aad  of  all  the  metAlt>  uliich  correspond  to  hy<Iro^n  in  atomic 

Idbaju4cr.      When,  for  iustancCi  a  molecule  of  one  of  these  meLils 

[ii  made  to  act  upon  any  compound  lK>riy,  double  decom position 
Ncnn;  ihua  if  the  ca»e  be  taken  iu  which  cliloridc  of  kakod;!  is 
dwompoaed  by  meaus  of  sine,  the  decompoHition  shoultl  he  repre- 

'  Wrted  as  occurring  in  two  stages,  as  follows: — 


Kd)     Zn>     Zu")     Zu>         ,  Zu)     Kd)     Zn)  ,  Kd) 

aj-^Zn^ClJ-^KdJ'   ""'  Kdj  +  CirClj+KdJ- 

[liracli  reactions  ibc  existence  of  the  intcrmtdiatc  compound 

'  tcnvfpODcting  *<*,..(  cannot,  however,  always  be  traced,  a«  such 

eombinationa  aro  usually  of  amidl  Mability  and  are  decomposed  u 
n^adly  u  they  are  formed. 

When,  for  instance,  hydrochloric  acid  is  decomposed  by  means 
of  tine,  the  intermediate  hydride  of  sine  has  not  been  observed  ; 
tbugh  analogy  would  lead  us  to  represent  the  change  by  Clie 
feflowing  equations : — 


CI)  ^  7.a\ 


Znl  ,  Zn")  ,  Zn")      HT      Zn  ,  H) 

=  Clj+Iir  ""''llj-^-Clj^CI+liJ- 


Tt  is  indeed  upon  the  formation  of  such  intermediate  com- 
paQiMl&,  that  the  most  probable  inrcrcncc  respecting  the  magnitude 
itftlie  molecule  of  a  W<Iy  is  founded  ;  for  in  no  ca&c  can  any  nttcli 
[ttlermedtate  cora|>omid  be  fwrmcd,  unless  two  atoms  of  eaeli  of  the 
.original  bodies  ooucenied  iu  the  reaction  tnlic  part  in  the  mcta- 
jmorpboiM's  under  consideration.  For  example,  it  i.i  licncc  urged 
'that  the  inoleoulv  if  ctbylie  (or  ordiiiury)  ctlii'r  eimiiot  Ijft  k-»st  than 
IC^U,0,C^H,0)  beeause  of  the  existence  of  the  compound  mctbyl- 
jtlhyl  elber,  which  is  a  body  intermediate  between  etliylic  ether 
lauil  methvlic  ether:  for  wc  have 


t. 


2. 


lUkfteMlMr.  kl<itj4.  ••)»«>  *<k4T.  UtUi;Uf  *U>fr. 

Iu  like  nuuiner  many  cherai»ts  regard  the  hydrates  as   coni- 
lanil*  intermediate  between  water  and  the  anhydrous  oxides': — 


Tiii:oiiv  nr  iiauTeii  iuoicles — .itoua  akd  iioucci.ta. 


II  no,  water 
a,  KHOgliydmto  of  potiub 
3.  KKO,  nutivdroiiJt  potash 


irilO,   iTBter. 

IlZtiO,  liTilmtcd  oxide  of) 

ZtiZaOf  nrtbydroiis  oxUte  oft 


Anil  itpfin  IIiU  viev  an  Ar^imcnt  1ia»  l)««n  foundMl  for  ivg 
llio  furiDula  of  wftter  as  II^O,,  luitl  not  ns  HO. 

It  iiiiiKt  not,  lioncvcr,  lie  KUpposcd  that  there  id  do  meii 
M  direct  coiiil>niatti>n  betweeu  two  bodies:  the  molecules  oft 
potiridi  frrqiiditlr  exhibit   tlic  power  of  uniting   in  tim  man 
nhilst  the  numlK-r  of  molecules  of  tbc  ncn  body  U  kdidIIct  tb 
tlw  mm  o(  titose  nt  its  «ira|Kiiiciits :  ia  other  wordit,  couilcDS 
uociirs.    llius,  u'lieii  t  mokieult^  of  ciiiijoiiic  oxide  ant]  1  ofcb 
unite,  lUcy  form  1  moU-oulc  of  oxyrlildridcof  carbon  j  CjC 
jriolding  C,O^CI..      In   like   tnntntcrj  nmnionia   and    lijrdr 
nriil  pftBPscombiui; directly  ;  li^N  +  IK'i  becoming  H,NCI. 
u\idc  of  nitrogen  with  osy^n  forms  ]>croside  of  nitrogen  1  N0| 
bcoomiiig  NOj.     Tcrchloridc  of  antimony  and  oliloriue  j'ield 
|ientach1oride  of  antimony  ;  SlfClj  +  Cl,=SbClj.  It  luny  indci'd] 
otuti-d  an  n  ^ucrul  rule,  that  whcucrer  a  bo<ly  fornird  ujKttJ 
tfpe  of  ammonia   combines   villi  a  body  formed  on  the 
hydrochloric  acid,  Umt  direct  or  additive  corabination 
though  thcflc  arc  not  the  only  com)MUi)dii  which   cxliilut 
tendency  ;  for  example,  ulduliyd  (C^tliO,)  oombiuv*  dircetly 
O,  to  form  acetic  acid,  (CJIjOJ.     Double  salts  belong 
frnrnt  category,  allhough  nearly  ulnays  formed  by  this 
proocM,  AS  wlicii  bichlonde  of  platinnm  and  chloride  of  pol 
unite,    KCI  +  PlClj   riehliiig    KCI.PtCI,:  because,  »  far 
knon',  Auchcouibiuation  uxiats  only  eu  long  «s  the  compout 
the  solid  form ;  whereas  the  other  bodJc«|  pTctioti»ty  cSt 
known  in  the  alirifomi  eotidition,  in  wliicli  flt&te  the  rr! 
tulume  of  the  molecules  of  diH'crciit  comiuunds  nre  defix  ' 
wo  knovr  but  little  of  the  rrlnlivi!  nilumoi  of  solid  nioleculca. 

(Qly)  ArjninrHln  J(fr  dm'bHrtj/  Iht  Atomic  fVright  0/  ' 

Tha   diiitiiietioH    which    linn  jiint   l><.'uu   poiiitLtl  iiiit  \n.i, . 

■Inm  and  the  molecule  of  a  body  is  intimately  eonaocted  witlll 
Hi-  '  il  by  Gerhardt  iu  the  values  to  be  ;■  i1 

1).,   .,.,:..i.,    -....p..;--<  of  koinc  of  the  eluinunts.      Itwillth.'. 

mutVRulciit  to  ulvert  beie  to  the  pruidpiU  argumeutu  which 
I  '  u;iou  Hi 

.  itatcd  (   y  ■,   L  ..^ihanlt  ilimblos  tbcatootie 
iliiir,  and  of  cnrbon,  m  well  a»  uf  one  or  t 


measure  it  u  tiif;od  in  tltn  can  of  0% 


iiocitcxTs  ron  i>orBLiNaTRE  atomic  weiobt  op  oxvgcx.    4^ 


*ai  stilphtix,  (or  example,  that  thoro  !b  a  markcij  dUtinctiou  Wtwcea 
tbc  uumher  of  the  compouufU  which  tht*6  clcmcats  form  with 
ultcr  bodies,  when  such  oompounds  arc  comparcij  with  the  com- 
ponuils  nliieh  chlorine  and  bromine  arc  known  to  forni  M-itli  the 
MUne  ItodicM  :^-«0  that  there  am  numvrous  oxides  and  sulpliides 
«htch  have  no  correapnndiug  representatives  among  the  chlorides 
W)d  bromides.  This  fact  will  be  rcudcrcd  eridcDt  by  uu  CAauiitia- 
tioo  of  the  folloiving  tublc,  where  a  certain  oumbcr  of  the  oom- 
poDiids  of  each  of  these  elements  are  enumerated  :-~ 


OtMi*. 


SDlpbidH. 


Wain- 
BHO, 

H  tdralf?  of  Dotuk 
KUO, 

i  KKO, 

i       (C,H»)11.0, 

FoteMnuB  t]<«hol 

AcFlKf  Hid 
(O.B.OJH.O, 

twialp  at  \nu\ 
lC.H,0,)l'b.O, 

Awtip  QtUi-T 

>(c,n,oj(f.ir.K), 

A«rtiF«iliviIru]i>      7 


Snlphnretted  IiTtlro^eii ) 

SulpUtjdrattt  poUs*. ) 
HKS,  f 

Sulpliido  ofpotoMium  I 
M«ruptaii  ) 

Salnhid^ofetfarl    ) 

Tdiiwfttic  •cid       ) 

(C.IIAHI.S,      i 

ThUivtatc  or  lend       ) 

Tfaiacvtic  »ther       ) 

Tbiaratic  »nhvtlrid«    1 
(C.BA)(C,H.Oj8,  J 


CUurtdM. 


1     i 


Bnuuldn. 
JTydrobro-  ^  I 


Hydroclilo- 

ric  arid 

JlCl 

Wanting. 

Chloride  of  "J   I   Qromide  of "%  1 
poijuHiiiin   }        potnuxiiioi   > 
KCI        )   I  JCBr     >  I 

W  nil  ting. 
Wanting. 


CbloHdo   ") 
efrllivl     [ 


Bromide 


'bVaatiue. 
Waatiog. 
Wanting. 


Bromide  "% 


ADetic      )  1       A«lic      i 
«oliloridD>      oxybromidfl  > 


osjol 


h  >U  cues,  intemicjiatc  oxides  and  sulphides,  such  as  those  shown 
"  'i  4»  5.  7i  **!  "™1  9i  ntay  be  tnicttl,  whilst  in  »■)  oiwe  can  any 
intermediate  chloriiics  or  hromiilea  be  formed  :  in  other  words,  two 
difcrcDl  radicles  may  be  united  into  one  compounil  when  oxygen  of 

Pudjihiir  is  combined  with  them  ;  whiht  thii  is  never  the  ease  with 
cliliirine  or  with  brotiiine,  Heiioe  it  is  argued,  that  the  quaiititit 
of  axy^im  and  of  sidplmr  indicated  by  O,  and  S,  in  tho  foregoing 
ixtaulx  arc  not  renlly  two  atoms,  but  nitbir  that  they  represent 
an  indirisiblc  whole,  or,  in  fact,  one  atom.  In  conseiine»ec  of  this, 
t»o  Bloms  of  each  of  the  other  elements  or  radicles  are  uuiiod  with 
-  ,  Olid  arc  held  together  as  one  group,  owing  to  the  indi- 
.,  of  the  Quantities  of  the  elements  repreaeuted   by 


•VI    AuaxntevTa  mn  i>ornt.rNa  ntx  atouic  imoin'  op  ocnoB>; 

symlwls  O,  and  S^  On  the  oclier  hand,  the  non-CKUtctjce  of  i 
intennriliate  compounds,  or  compoaads  cout&iniug  two  rfjfn 
eJemcnU  or  railirlpo,  nmon^t  tlic  chlorides  ami  the  bror 
an  UKUciitiun  that  no  sudi  caose  of  unioa  cxiot*  in  the 
coDfttitution  of  clilorine  and  of  bromiiie,  bat  that  the  qi 
represcntx-d  n'i«|)«t;tiirly  by  the  symbol*  CI  »nd  Bf  ccma| 
truly  to  the  atoms  of  tticse  IxMlks. 

The  dtfTercDt  inctaiuori)ho»e»  which  many  boilios  undergo  ui 
the  iDflucncv,  on  the  uiie  hnm],  of  ctrrtaia  »iilphiireltcd,  and  on  ' 
other  of  ccrtsia  chlorinated  compoutHU,  have  beeu  further  nddaq 
in  BU|>port  of  this  view. 

WhoD,  for  iikstaiicc,  alcohol  or  acetic  acid   is  ftctctl  U[ 
sulphuretted  body  such  as-  pcutasulphidc  of  phospboma,  aj 
new  sulphuretted  body  Is  formed  ;  but  wbe»  the  oamo  coinpou 
are  at^tcd  upon  by  a  body  nhicli  fumUhca  clilorine,  such  aa  | 
chloride  of  phosphorus, /iro  new  cbloriuated  derivatives 
duocdj  thus : — 


(C.HJH,0,+PS»=(C.H.)H^.+1*S,0, ; 


Ao•»^  sHd. 


TfaUMdoMU. 


vhiUt 


AJuhoL 


(C,Hi)  11,0,  +  PCIj  =  [^C^U^)  CI,  and  IICIJ  +  VCl^ 


XotUnHU. 


A«th:  oi;(4ti>rfclr. 


(C^IljOg}U,Oj  +  PCIj=[(t;,HjO,)Cl  and  UCl]+l 


Tlic  groups  C,H,  aad  H,  on  the  one  hauil,  and  the  groui»  0^| 
and  H,  on  tlic  other,  arc  held  together  by  the  iiidi\iiible 
Oj  or  S, ;  whiUt  they  se^mrato  inlu  two  diMliiict  bodies  a^ 
chlorine  takca  the  place  of  the  oxy|ieii,  because  the  quAntiJI 
efalorine  (CU)  whieh  disjilace!"  the  quantity  of  oxygen  (O^)  is- ] 
not  a  siugle  atom,  but  two  atoms. 

AualugouH  rcauning  may  be  extended   to  the  cmc 
T'  '  li  of  carbou,  the  ordinary  atumic  weight  of  whicb 

|^<;   ,        I  hImj  to  double  on  aitnilnr  grounds. 

Soleniaio  and  tcllariatD,  from  their  analogy  with  sulphur^ 
t"  ■'    should   alio  he  ifidicnU^I  with  don'' 

■  clicniiftii  would  ;il.-'*  diniLK-  thut  of 
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oT  iba  metaU ;  but  the  argiimenU  are  less  definitely  ap|ilicablc  io 
Uic«c  invtaoccs. 

Id  onlcr  ta  distiuguisli  tlic§e  dcw  alomic  weights  from  tlioso 
in  cotnuiou  nse,  they  may  be  indicated  by  the  cmployoii-ut  of  liarred 
letters  iu  the  fuUoniug  luauiicr  ; — 


Oxygen  6  =  i6 
Sulphur  S  =33 


Selenium  ^=7^'^ 
CarboD     6=12 


It  may  Im*  remarked,  that  if  it  be  deaired  to  translate  formultc 
vritlen  with  the  nuw  symbols  into  those  ordinarily  employed,  it  ia 
umply  Qcccaaary  to  multiply  the  numhcvs  oC  the  atoms  of  oxygen, 
lulpliur,  atui  carbon  by  a  ;   for  instatioe  : — 

^H7>.=tC,H,0^ ;  and  Kns»,  =  KHS,08. 

{910)  On  the  Use  (if  MoUculaf  Formida. — It  ia  obrious  that  if 
0=]  6,  the  smallest  particle  of  water  nhich  can  exist  must  be 
frpiCM-'Utcd  by  tlie  formula  njO  =  HjOj:  and  in  like  muiintr  the 
formula  fur  aul[)1iurettcd  hj-drogcn  expressing  its  atom  miut  be 
II^=H,S, ;  cou8equi?ntly,  the  formulie  II,U  and  11,^  constitute 
the  atomic  sa  well  aa  the  molecular  formuhc  of  these  bodies. 

The  atomic  mciffhts  of  the  clcmeutn  are,  howeirer,  to  be  carefully 
dittiugnished  from  iheir  tttoleeular  tiviffhl»,  the  atomic  Heights  being 
tlkc  numbers  vrhieb  repreeeut  the  relative  veigbts  of  the  atoms  of 
llie  different  elements,  when  referred  to  some  iirbilrary  but  rceog- 
iBied  standard ;  whilst  the  mok'culsr  woi-rlits,  whether  uf  the 
elfiDcnts  or  of  componnde,  represent  the  relative  weights  of  the 
raolocules ;  and  the  molecular  weight,  when  once  the  niitguitudx: 
of  ihc  moleetile  is  agreed  upon,  is  determined  by  the  sum  of  the 
■rights  of  all  the  atoms  which  enter  into  the  formation  of  the 
molecule  itself.  The  tnolcculnr  formula  of  a  compound  body  may 
Imjiifutly  be  ascertained  by  considerations  analogous  to  tlio»e 
leMiiclm)  III  the  cases  of  water  and  of  sulphuretted  hydrogen.  In 
odier  instances  material  aid  is  obtained  by  an  examination  of  the 
drjidty  of  its  rapo\ir,  for  it  lias  been  ascertained  to  be  a  rule  to 
wbieh  very  few  cxccpiioiia  are  known,*  that  when  the  vapours  of 
eooipoutid  bodies  arc  compared  nndcr  similar  circuinstanoc*  of 
traprraturc  and  prcKsiire,  <'i|Uikl  vuluuics  of  the  different  com])ounds 
otiutain  nn  erjual  numlicr  uf  iheir  constituent  molecules,  or,  in  other 
«unls,  that  Uie  molecules  of  all  compounds  furnish  equal  volumes 


Amooji  time  louepliatu  an  ehloroiu  acid  aad  eoiae  of  the  oiidts  of 


i     — 
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of  vapour ;  oouscfiucutlf,  the  tlcnsities  of  the  TBiioan  are  cxnotly  i 
the  ratio  of  their  molecular  vcigbt«. 

Allui^iou  lia.i  already  Iteen  made  (913)  to  the  futility  wliidil 
kooivlcd^  of  this  law  gives  to  the  ciilculatioii  of  the  vapoi 
dciisit}'  of  a  body  from  ita  mcilcculiir  formula  ;  ajiil,  oonvcr»clj 
to  the  valuitlile  control  wliicli  the  vaj>oiir  detiMly  ufTurds  to  tfad 
calculated  molecular  formula.  The  simplicity  thus  introduc 
into  our  calculations  of  vapour  vtdumc  affords  a  strong  argumci: 
iu  favour  of  the  uniform  eni|>loymout  of  molecular  furmulie 
our  ordinary  equations  for  the  rcprc^ciitation  of  chemical  change 
hy  such  a  nietliod  the  gawous  volume  of  each  constituent  is  tht 
ut  once  placed  before  the  eye.  If  we  continue  to  awumc  as  the  ut 
of  volume  tliat  of  oxygen,  (),  with  the  atomic  weight  of  8,  the  voliii 
of  hydrogen,  II,  will  represent  twice  that  hoik,  whilst  the  molocu 
of  hydrogen,  or  llj,  nil!  represent  4  volumes.  Kovr  the  gascot 
voluuie  occupied  by  each  molecule  of  any  compotmd  wilt  (wi| 
the  exceptions  already  specified)  also  occupy  4  volumes.* 

For  example,  the  furmuliv  II„  and  Cljcueh  rqireacnta  molocull 
of  hydrogen   and   chlorine  respectively,    whilst  IICl  re])rc->ents 
molecule    of    hydrochloric  acid;   and   ve  sec    by    the  C(iuati< 
Hj  +  CI,j=2HCI,  that  a  molecule  of  hydrogen  aud  one  of  chlorii 
uuitc  without  coiideuMttion   to   form  3  molocnlcs  of  hydrochloric 
neid  ;  nhilst,  when  oxygen  aud  hydrogen  unite  to  form  water,  from 
the  equation 

0,+alI==aUsOj;  or, 

it  is  manifest  that    i   molecule  of  oxygen  and  2  molecules 
hydrogen  uuitc  to  fonn   2    molecules   of  stctim,  and   that  the 
Tolumcji    which  the  gases  occupiod  in  tlieir  separate  conditi< 
become  coudcuacd  into  2  when  they  have  united. 

So,  again,  it  is  clear  from  the  equation  employed,  that  a  similar 
condensation  occun  when  carbonic  oxide  and  oxygen  unite  to  fori 
carbonic  acid ;  fur 

04  +  2CA=aCj04;  or, 

I  molccnle  of  oxygen  and  3  of  catbonic  oxide  yielding  2  mote 
erf  carbonic  acid. 

Again,  when  marsh  gas  is  detonated  with  oxygen,  the  formula 


*  Ocrliardt  tak»  bjrdrOKm  (H)  u  tho  unit  of  Tolumci  conaoqoontly  (H,), 
or  ihr  Tnolefulo  of  free  hydrogeii.  willi  liiiu  rrprcKiit*  z  rolumrR,  aud  all  com- 
pound*  ill  like  cunner  liaro  a  molecular  Toluiu0Of  a,  whiob  aiinpUfieB  tha_ 
matter  MDRtdnnblf . 


CBKUIUAL  TYPES. 

at  once  gircs  the  Tolame  of  oxygcD  required,  and  the  gaseous 
{■roJucU  nliich  are  obtained  : — 

a  Oj+C,n,=C,0,  +  a  H,0,;  or 

i  Tolames  of  oxygai  and  I  volume  of  Dian<h  gas  jiclduig  i  of 
arbonic  acid  aud  i  of  steam ;  whilst  if  oleSaiiC  gas  be  detonated 
»iUi  ox;fgea,  we  find 

30,  +  C^U^=  a  CjO,  +  2  H,0, ;  or  - 

iLowing  that  3  volunies  of  oxygen  and  1  volume  of  olcfiant  gas 
furniiili  2  volunies  of  carbonic  ncid  and  %  of  st«nm. 

It  is  obvious  that  this  fscilitv  of  espressiuu  aud  simplicity  in 
the  intcqirctatioD  of  results  afford  a  powerful  rccommcndntioti  of 
the  employment  of  fonnulie  ytliich  rvjinswiil  iiuiform  volumes  of 
t^KHir  iu  tlid  descripliou  of  chemical  metamorpbuHus.  "We  shall 
I  hataficr,  vbcrcTor  il  is  practicable,  avail  ounolvcn  of  these  advan> 
Itagci,  and  slinll  ndopt  tlic  use  of  4-voluinc  molecular  romiiiJic, 
Ktaining  the  customary  atomic  weights  for  oxygen,  sulphur,  and 
carboOj  except  on  pa.rtieular  occasious,  where  the  employment  of 
the  new  symbols  may  be  recjuisitc  for  the  more  complete  cludda* 
Uoo  of  the  Ticws  of  Gerhardt  and  hia  foUoucrs.* 
-  (931)  Chemical  Typea. — The  homol(^ou!i  aeries  of  the  alcoIioU 
vhicfa  baa  already  been  briefly  reviened  {916)  has  its  tepreeeata- 
tlTea  among  the  simpler  compounds  contained  in  the  (Icpartmrnt  of 
iDorginic  cbomiatry  ;  for  by  deducting  2  (C^H^)  from  methyl  and 
the  compounds  of  the  methylic  group  (coutaioed  in  the  horizontal 
Itoe  t  in  the  Tabic),  ire  arrive  at  hydrogen  aud  some  of  its  most 
importaQt  compounda  of  simple  conHtitution.  Thus  the  niohieule 
of  lacthyl,  if  deprived  of  2  C,H],  iroidd  leave  a  residue  cou- 
Msliug  only  of  hydrogen;  (Cjll^j— 2  CjUj^Ilj.  The  molc- 
colc  of  methylic  ether  deprived  of  1  C,H,  would  leave  water; 
(C,H,0),— 3  C,H,=  HjOj:  the  residue  from  each  molecule  of 
the  sulphide  of  mctbyl  and  of  methylic  mcrcapton  vould  be 
Rtlpburetted  hydrogen.  Chloride  of  methyl  after  a  deilnetioii 
of  C,II,  would  become  hydrochloric  acid.  Hence  it  appwtns 
that  th«  radicles  methyl,  ctbyl,  trityl,  tctryl,  amyl,  &c.,  arc  bodies 
vliicb  corrrapond  to  hydrogen,  and  that  they  may  tie  rcgardal  a« 


■  It  hai  heea  already  intiaistfd  tliattlierormulstcluchoitireu  Ihroompo. 
rftsao  of  Mlt«  t-aiinot  in  sthetnest  bo  rcKiu^ctl  m  moleculnr  forb'i'n.-,  oc 
Ibrmulc  otwutorta  rapour  voIuoivb.  Tl>(rj'  inilionto  naUii  not  ^ateant  mole* 
*    ,  and  otily  rvprcical  the  pnportiomtl  qusulity  of  «acb  coustiiavut. 


i  Vwlwgto  forms  the  lovest 

-^T  bamologum  of  vitlcr,  wl 
I  awaolofues  of  hjdrocHloric 
to  md  mercaptous  urv  botnnlnj 
^ndrochloric,  aod  hydTOaut|)liii 
jr  typei  upou  which  tUese  set 


compounds   to  flonie  sim|l 
•ystematicftlly  vorkcd  out 


ID  which  the  latter  chemist 
dicnustfy  are  the  foUowittg  ^■ 


,  tbftl  many  bodies  arc  refcrrwl 
^^  pg^HUt  no  aiialogy  ill  cheiuical  pr 
i.-i»  Mfcer.     The  various  radiclts  which  ! 
i-\i9t  io  or^foaic  couipouBiU  vi 
,t«  4J(«u«lttai7  bodies  themadrca. 
^^M§  •Iroiifly   eloctro-n«gati*e,    van,} 
.OiyfVt,  u»)  sulphur^  on  the  right 
Mfics  i  such  as  the  following  i^— 


m^y^- 

rnixiniNE. 

^^tM. 

oxrcKif. 

OMW*- 

KCLPniTB. 

»tal7(- 

HOLD. 

Mo 

&e. 

ANTIWONT. 

ittHkVir : 

4ii(l  nceloiic,  Apve  with  arsenic 
'■il  Of  iiitc^rmedisLu   po»tlion  ; 
I    nnd    the    metaJlic   dorivstr 
with    the  clpctro- poiitivr 
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I  •erieHL  'When  ve  compare  together  difEerent  compoauda  heJong- 
ing  to  die  eune  series^  a  progreanre  change  in  properties  is 
obierrad,  lo  that  the  dif^rences  obserrable  between  any  two 
wqA  oomponnds  become  greater,  the  wider  is  the  isterrsl 
lietwoen  the  respectire  phtcea  in  the  series  of  the  two  terms  snb- 
lutted  to  the  comparison.  Following  this  idea  to  its  extreme 
Gimts,  the  same  tj^  may  therefore  comprehend  bodies  belonging 
to  the  three  classes  of  adds,  of  bases,  and  of  neutral  bodies ;  the 
iai»  or  electro-negative  bodies  being  at  one  extremity  of  the 
nies,  and  the  neutral  bodies  occupying  the  intermediate  positions, 
pnnided  that  the  bases  or  electro-positive  bodies  be  arranged  at 
the  opposite  extremity. 

These  tyye»  are  tohe  rt^iAcA  as  tj/pe»qf  double  decon^mrition: 
and  are  chiefly  useful  as  representing  the  fact  that  tbe  bodies 
ihidi  are  referred  to  them  experience  a  similar  mode  of  decom- 
podtion  when  subjected .  to .  the  action  of  the  same  chemical 
nigents. 

The  ^iplication  of  these  types  to  the  compounds  of  organie 
dtanistry  will  be  beet  understood  by  means  of  a  few  examples  : — 

CH 

I.  The  hydrc^n  or  metallic  type  ]  „ 

To  this  class  Gerbardt  refers  amongst  tbe  compounds  of  inorganic 
chemistry,  the  metals,  together  with  the  hydrides,  areenides,  and 
iDtimoaides  of  the  metals ;  and  amongst  organic  compounds,  the 
ndiclea  of  tbe  alcohols,  the  hypothetical  oxidized  radicles  of 
certain  acids,  marsh  gas,  and  the  hydrocarbons  homologous  with 
it,  the  aldehyds,  &c. — e.  g. : 


Methyl  (methylide  of  methyl)   , 
Ethyl  (ethylide  of  ethyl)      . 
Marsh  gas  (hydride  of  methyl) 
Hydride  of  amyl  .... 

1  [Acetyl 

5 1  Benzoyl     ...... 

Aldebyd  (hydride  of  acetyl) 
Acetone  (methylide  of  acetyl) 


(CjH, 


8"S 

S 


H 


I     H 
fC,H30, 

fC,H,0, 
JC,HA 
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The  lydrocbloric  acid  type^.  Fis  sow  usuall;  included  under 

the  hydrogen  type.     It  forma  a  subtype  which  comprehends  the 

chlorides,  fluorides,  bromides,  iodides,  and  cyanides,  as  well  as  the 

ethers  of  the  hydracids,  and  the  oxychlorides  of  the  radicles  of  the 

monobasic  acida  j  for  example  ; — 

(C  H 
Hydrochloric  ether i    *„.' 

Iodide  of  amyl JCioH„ 

Benzoic  oxychloride  (chloride    of) 
benzoyl) j 

Acetic  oxychloride 


CI 

C,HA 
Ci 


a.  The  type  water  . 


S]o^- 


This  series  includes  the  oxides  (comprising  under  this  term  acids, 
bases,  and  salts),  sulphides,  selcnides,  and  tellurides,  the  alcohols, 
the  hydroButphuric  ethers  and  mercaptans,  the  simple  and  com- 
ponnd  ethers,  the  double  ethers,  the  hydrated  monobasic  organic 
acids  and  their  anhydrides :  for  instance,* 


Wood  spirit , 


Alcohol 

Hydrosulphnric  ether  . 
Mercaptan    .... 


CjHg 
H 

H 

H 


*  It  nill  be  seen,  si  we  ndvuice,  that  bodies  are  knoim  which  are  formed 
upon  the  type  of  a  molecules  of  water  n'  [  ^t  >  Buch,  for  iuBtance,  as 


OilofTitriol *^'°^" 


(0,0,)" 


(O.H^; 


0, 
0. 


Oxalic  acid . 

Glycol 

wliilst  there  are  others  formed  upon  the  typeof  3  molecules  of  water,    o*  { 0, 
Phosptorio  acid (PO^"  j  Q^ 


Glycerin 


(C,H, 


kr* 
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OrilinHiy  ctTifir 


1 


C   H 

Anaj'letiivlic  ether ^''y  " 


Acetic  ether .      .      .      . 
Hjdrated  acetic  add    . 


Acetic  anhydride C*H^O  i^- 

Hjdrated  oside  of  ammoiiium    .  t^a 


H 

3.  The  &niinonia  type  H 
H 


includes  tlie  ni  a' 

■N,     phides,  the    com       nd 
mas,  and  the  iimide 


Etliylia  (efhylaminc)    . 
Phosphodiethylia    . 
Trimethylia  (trimetbylamiQe) 


Acetamide 


Benzoyl- salicylamide    . 


Many  compounds,  not  included  under  the  preceding  types, 
lay  be  referred  to  conibinationa  of.  two  of  the  foregoing  types 
itU  each  other.,  Kekule,  for  example,  {Lehrbuch  der  Org. 
Annie,  p.  124,)  proposes  to  consider  the  amidated  acids,  such  as 
be  carbamic  and  the  oxamic,  as  formed  upon  the  combiaation  of 
be  type  of  ammonia  and  water : — 


H 
H 
H 

■1 


N 


0. 


Carbamic  acid. 


HJN 


Oiaaie  add. 


K    2 


TD£0[IT    or    rOLVBJiSlC    EL-EMBNTS. 

TIic  lie  iKHweeu  \he  two  typical  groups  beiug  in  one  case 
dibttsic  radicle  (Cp,)",  in  the  other  (Cp,)". 

(933)  Theory  of  Falybaaic  Etematls. — ^Thc  speculation!!  of  tho 
wliu  have  fdllou'cd  [i[)  i)\e.»e  ideas  have  ted  tliem  to  nttriliutc 
tcudeoey  of  Iwdics  to  assume  these  t>')iical  forms  of  oomhimttion 
special  peculiarities  in  the  iiulurc  of  the  elementary  hodica  the 
selves. 

The  more  important  of  the  elements  hsvc  in  Accordance  vni 
these  ideas  been  arranged  in  four  principal  group*,  \\%. : — 

I.  MoHUtomic  or  tnoHobanic  elements,  one  atom  of  which 
in  combination  equivalent  to  II,  or  one  atom  of  hydrogen. 

3.  DiaiOMic  or  Dihusic  clctncntA,  one  atom  of  which  in 
bitmlioii  is  i-quivaleut  to  IIj,  or  two  atoms  of  hydrogen. 

3.  Tnaloiuic  or  Tr'tianic  element*,  one  atom  of  which  is 
conibinntion  eciuivalent  to  ll^,  or  three  atoms  of  hydrogen. 

4.  Telratomic,  or  Tttraboific  ctemcnts,  each  atom  of  which 
oomhiuation  is  equivalent  to  11^  or  four  atoms  of  hydrc^en. 

The  particuhir  cltuis  of  the  radicle  may  be  pointed  oat 
propuaed  by  Odliug,  by  airixia.n  tlie  mark*  (")  ('")  (")  to  indie 
itit  diltasic,  tribasic,  or  tctrabnsic  character. 

All  the  members  of  the  same  groip  exhibit  a  certain  eii 
larity  in  clicmleal  cliaractciv;   further,   when  any  one  of  the 
etiti.-r»  into  conihiiuitioii  vith  any  given  clement,  j4,  thecom^ 
»o  formed  is  usually  similar  iu  atomic  composition  to  the 
pounds  which  the  other  membrra  of  the  group  form  with  the 
given  element,  A.      For  example: — 

a.  To  tho  ntanatomie  gronp  nrc  regarded  as  belonging — bydf 
,gen,  potansitim,  and  the  allied  mctaU  cf  the  iilUalies  and  alkalii 
iRrlli«,   Ktiic,   esilmiuiu,   and   several    other    metaU  j    &4    well 
chlorine  and  the  halogens. 

Each  of  the  mona.tomie  elements  comliincs  with  one  atom  ^ 
■omc  other  clement  of  the  same  group;  for  instance: — 

Hydrochlorie  aeid         .....  KCi 

Iodide  of  potassiiim       .         .  .  .         .  K I 

Bromide  of  stinc  ......  ZiiRi 

Hydride  of  hydrogen  (hydrogen  gas)  .  .  HII 

b.  To  the  diatomic  group    the  following  elcmcuta  are 
poccd  to  belong  : — Oxygen  (U=i6),  sulphur  (8=31),  scleniui 
lSc  =  79*5),  and  tellurium  (Te=i29). 

Que  atom  of  each  of  these  elements  mny  unite  with  two  atoi 
of  the  g»mc  monatoraic  element,  or  with  one  atom  of  two  difi'ei 
monatomic  elements;  for  example  : — 


niOKr  or   TOLTBAIIC    U.IHIHT8.  63 

Water HHO" 

Hf  drosolpbate  of  nilpliide  of  potasuiua         .     KHS" 
UTdmie  of  lime CaHO" 

e.  To  the  MatoBue  gronp  belong  nitn^en,  phoBphonn, 
■nenic,  mntimoDy,  bismuth,  and  gold.  One  atom  ai  each  of  these 
triitomic  dements  may  combioe  with  three  atonu  of  an  element 
ofthemonatomicgroapj  as  jbr  instance : —  - 

Ammonia HjN'" 

Terchloride  of  phospborns    .          .          .;         .     P"'Clg 
l^Biiodide  of  aneoic As"'I, 

d.  To  the  tetratonuc  groap  some  chemists  suppose  carbon 
(C=i3],  and  silicon  (Si=28}  to  belong. 

The  elements  of  this  group  unite  with  four  atoms  of  the 
nuHiatomic  or  with  two  of  the  diatomic  group ;  for  example : — 

Marsh  gas ^H^ 

Chloride  of  silicon         ....  SiCl^ 

Carbonic  add      .....  GQ^ 

Bisulphide  of  carbon     ....  CS, 

SiUdc  acid  .....  SiO, 

From  what  has  been  just  stated,  it  will  be  seen  that  it  is  assumed 
tbat  no  mouatomic  element  can  effect  the  union  of  other  monatomic 
dements  into  a  compound  group  of  polybaeic  combining  power. 

Further,  it  is  beltered  that  complex  groups  or  compound 
radicles  exist  which  possess  monobasic,  dibasic,  or  polybasic 
pover.  No  monobasic  radicle  has  the  power  of  effecting  the 
nuion  of  two  or  more  monobasic  molecules  into  one  polybasic 
radicle ;  but  it  is  believed  tbat  just  as  each  polybasic  element  can 
outte  the  atoms  of  several  monobasic  elements  into  one  indivisible 
group,  BO  also  when  a,  polybasic  radicle  enters  into  the  compo- 
otion  of  a  body  it  may  cause  the  union  of  several  compound 
molecules  of  more  or  less  simple  constitution  into  one  indivisible 
group  or  compound  molecule ;  thus  sulphuric  acid  may  be  re- 
garded as  formed  upon  the  type  of  two  molecules  of  water,  the 
diatomic  group  <»Oa"j  forming  the  link  which,  by  displacing  two 
atoms  of  hydrt^n,  connects  the  two  molecules  together  : — 

W«t«.  9UofTitrial. 


&* 


TBCOUT  or    rOLVUMIC   KLEUEXra. 


Ill  like  maiiucr  urea  may  be  Bupiitwcd  to  ho  formed  upon  the 
tyiw  of  two  molecule*  of  nmmonia,  lUe  diatomic  group  t*»" 
furnishing  tbc  link  wliicli  connects  ihc  molecule*  iiilo  »o  indi- 
ywible  whole: — 


(h) 
n'N 

HJ 


H 
H 

H 
H 


N 


N 


Thi«  principle,  as  will  be  seen  hcMaftci",  has  been  very  «• 
tensivcly  and  ingeniously  npplied  in  explanation  of  the  mnnncr  in 
irliicli  the  conipouuil  atoms  of  many  of  the  more  complicated 
products  of  orgooic  cU^ni&try  arc  held  together  in  one  indivisible 
group.* 

•  Ineniioaa.  Iiowptw,  »*  thi*  vi^ir  ia,  i\xo  ntfcnrnvntt  in  tta  anpDOrt  m 
inainljr  Jwircd  froni  the  compmiiiJ*  of  i.'«rlKiii  aii<l  Jiydropcn  vrxth  eai'li  oth«r, 
and  with  otlier  botliee.  It  lurDishcB  but  a  vrry  iiiri>mplete  explnnntion  oi 
mauyoftliu  comiMiiindj  of  iintrgnnic  ciicmiiiiry.  For  m imp! e,  il  bitm  oo 
rationul  r'tew  oflnefoiutilutiou  of  tho  nuiucrooi  nml  importanl  o1*m  i.>(  iba 
more  complex  inetnllic  exiilc*.  The  umc  ««i(>bt6rit  git^n  miMal  corabiBM 
irii}i  Kr-retsl  diSVrrnt  pi-o]joi-tion>  of  osv^Dt  occfluoniiiK  'be  formAtioii  ef 
aomotiiDM  na  manr  u  live  dittilnct  oxide*,  each  combiontMn  witli  oxv^oa 
appf  Bring,  if  the  above  theory  bo  truo.  to  indinle  a  (eparatc  atomic  capanlr 
lutbenclftl.  f^UL'li  a  Kcriea  may  ha  repre«eiit«d  by  tbo  foltovinx  xaneiw 
fonuula',  in  vhiclt  ^[  indicatM  tbo  atom  of  any  metaL  The  voinpomub  Oi 
manKaDcfi>,  chromium,  anil  mm,  t<i(b  oxytcon,  will  scrra  aailluitnttooti — 


Ci)  M,0, 


MjO, 


M.O, 


M.O. 


M,0: 


Mti,0, 
Cr.O, 


3fci,0. 


CrA 


I 


It  is  tniL>  Ibnt  immenniR  anhydride  (Ma,0^),  fc-nio  nnliTilnde  (FcjO,), 
peruiaiii;anic  anliydi-ii,U>  (Mn,0.|,  and  porelirooiiR  anhyHrido  (CtjO.),  nro  not 
luiowa  in  their  aeparaU  Ktal«.  tat  chromic  anii  f  driile  (Cr,Oj_)  U  wi?U  Imowti  | 
and  Uio  i!xui4)n(»  of  fnanxanateof  potaah  (KO.MiiOiOr  KNriiO,)and  net' 
manKanaleorpotaali  (KO.Hn,0_.or  KMd,0.)  tinat  morcwuily  explained  on 
Uie  theory  of  polyhniic  olomcDt^^  thnn  tlieoeCTirtwnccof  thcannydndef  wbcro 
tfcpT  »ro  knoKii. 

If  R  rt^^rrai'iit  any  cIcctro-ni-KatirD  clcmtrnl,  lb«  foUowiti^  acriet  may  b» 
obtained,  which  nuy  be  illuiLrated  by  the  coaipoiinds  of  nitrogm.  cblorinck 
and  mdphar,  with  oxy)[vu : — 

K.O,      (      E,0,      5     •U.O.      i      B/>a      1     B,0,„ 


S.O. 


N,0, 

s,o. 


xe,o, 


CI.O^ 


ci,o„ 


E,0„ 


C1,0, 


i 


irell 


It  must  beadmitWHl  tlut  the  aohydridtw  of  chloric  and  percbloiio  adds,  ta 
II  at  of  kypotuJf  buruus  acid,  an  not  known;  but  tlie  chlorate  (E,C10,J 


CirSCS   OF  TtlH    POLYIUtlC    CHABACTEB    OP    RADICLES. 


(933)  CtitiM*  (^  the  Polybatic  Character  0/  HadiciM.— The' 
iy  of  polybasic  comiiomKls  has  been  prosecuted  with  great 
Ivity  ftnd  succesa  witliin  tlic  last  few  years,  oiid  the  cJrcuni. 
hrtwwcs  uutlcr  wltitrh  an  orgaoic  radicle  cxLibiU  a  polybaaic  type 
bne  ooitMsqaentty  attracted  much  attention :  tlic  (ircACDt  may 
«Bwd  a  convenient  opportiiiiitj-  for  statiug  concisely  the  principalj 
fniots  whifli  have  bucn  ascertained  regarding  thia  iutcreatitig  sut 
;a1,  particalarJy  respectiug  the  radicles  wliich  contain  carbon 

A  large  number  of  tbc  hydrocarbon  radicles  which  liave  at  pre- 
wat  been  atadicd  are  nionatoraic,  others  nrc  diatomic,  and  a  fcirjj 
tnatomic.     Hie  comtitulion  of  Uicse  compounds  in  certain  cases 
inables  us  to  anticijMttc  what  their  poirera  will  l>e, 

I.  A   radicle  of  llie  form   Cj,Hj,^,    xucli  m  mcthvl  (C,H,), 
jellnfl  (C^Hj),  or  nmy\   (C,j,Uj,),  is  inrariably  momhamc:  as  in 
cUoride  of  ethyl  (CjlIJCI,  and  iodide  of  amyl  (Ciylin)!;  and 
Ittbylide  of  ethyl  (C^HJ  (C.llj). 

3.  A  radicle  of  the  form  C„H^  such  us  ethylene  (C,H,), 
[tritylcuc  {C,UJ,  octyleno  (C,{U^,  vidibasic,  m  in  Dutch  liquid 

3.  A  radicle  of  the  form   C^Hj,_,  may  be  either  tribame 
I  or  menoituic ;    (CjH|),    far    e&nniplc,    is    tribasic    in    gljrccrin, 

*|."     (O,,  and   monobaeic    in  ally  lie  alcohol     *  u  jOj, 

dloride  of  ally!  C^lt^Cl ;  a  radicle  may  sometimes  b<-  made  to 
tluigt  its  atomicity  or  basic  power  by  the  removal  of  hydrogen. 
&t  BQ  example  of  this,  ve  may  take  morsh  ^as,  which  i«  usually 
'nqgiided  as  a  neutral  body  of  the  methyl  scries :  by  acting  upon 
ti«  gas  with  chlorine,  one,  three,  and  four  atoms  of  hydrngenj 
nay  be  irmovrd  in  Miccci^jioii,  and  a  corre«ponding  number  of 
dams  of  chlunoc  substituted  : — 


and  in 


Marsh  EM  (hydride  of  methyl)   .         .         .  C,H, 

Chloride  of  methyl CjHjCI 

Todidc  of  methylene  ....  C^HjIj 

Chloroform aHCI, 


Bichloride  of  carbon 


aci, 


KO.r" '  ■  -    ! M  ~tte  (KCIO,  iw  TtO.CIO.)  of  potwh.  nod  Uypo»«lphit« 

rfti  I  or  0o3jIlO,)  antuftUituowii.  sni]  llicir  voustilutiou 

ii  tuu^i  I  iiiiwti, !>'    A  itfk  tliB  lltcocy  of  KpiMiilii:  polj-biuciR  rlninciita. 

Agub.  raan  orciir  in  nLvcli.u  ia the  teri'liloriui' of  iuijiaelCI(.an  element 
nrli  u  iodine,  rrimUKl  to  bo  iwHiatomic,  oonibiiuw  uith  ,1  atoiaior  Bnothor 
BoiiMtixuic  •loDicnl.  clilonuc.  for  all  tlieM  cases  tho  theory  of  polyalcmio 
dU  girn  DO  ndojitato  cxplanBttou, 


M 


INrLCENCE   or   ABBANOEUENT  OF   ATOMB   IX 


The  third  term  in  the  series  is  not  knova  with  chloriue,  but  it 
lias  bc?cu  oblaiiied  with  iodine  by  Btitlcrov. 

Now  from  tb«se  fcuhsiitutioii'pixHlucts  of  ininh  gas, 
pounds  of  four  diScrcnt  ba^ic  powers  have  bceii  obUiiticd^ 
spouding  to  the  following  diilcrcat  cadicica,  riz. : — 

MonoUsic  ,         .        .  Cjl^  or  C^Hp,n 

DihaBJc     ....  C,H,  or  C^tl^ 

Trihasic    .         .         .         .  CH  or  C^H^, 

Tetrahusic  ,         .         .  (^  or  C^H,^ 

Tlic  conipoiind  (C,H,)C1  is  manifestly  a  chloride  of  a  monoT: 
radicle.     If  iodide  of  methylene  be  treated  with  acetate  of  nilrc 
buaoctate   of   mctbylglycol,   the    ether  of  a   dibaaic    alcohol 
procured  (1045) : — 


BloMctalSiif 


(C.H/|+,((0.J.0,J„_)^.(A,|)^,C,H.O,,j„, 

Aud  if  cbloroform  be  treated  with  sodium  alcohol,  a  trihasic  for 
ether  is  obtained ; — 

CbUmtatu.         Soillum  At«uhol.  Trtlunnk  Rtbtr. 


IC,HV 
CI. 


■i+3«:io,)=3S-|)+ig;S;M°.' 


Whilat,  fJnaUy,  if  the  bichloride  of  carbon  be  acted  upon  by  anOii 
a  base  is  obtained  containing  Cj^HjjN, : — 

&:i+3(<'"S;!'')-(S!)+|«-'-|«' 

For  the  further  prosccutioa  of  these  syeculalions  the 
mav  ooDsidt  Kckulc  {Org.  Chemie,  pp.  158 — 183). 

(924)  Iitfluencc  of  Amtnffemenl  of  Alutua  in  a  Comjtnioid  on 
PropertU*.^lt  ia  uccdful  to  bear  in  miiiil  that  a  body  doca 
necessarily  belong  to  a  given  type  merely  Ijccausc  it  may  coot 
one  of  the  chnniclerijitic  eluments  whicli  contribulr  to  form 
typical  compound.  It  would  be  wrong,  for  example,  to  infer  tlk 
a  coiDpouud  was  formed  on  the  hydrochloric  acid  type  simply 
contcciucncc  of  the  prCMriicc  uf  chlorine  among  its  componi-ut 
iiince  the  properties  of  a  body  are  dependent  not  only  tij>on 
nature  and  number  of  atoms  of  its  component  elem«uts,  but 
in  a  Tcry  important  mauncr  upon  the  molecular  arrangement  of 
tlio«e  components.  Indeed,  in  many  casen,  thcarraagement  of  t)ie 
atoms  in  the  compound  has  a  greater  influeuce  upon  its  properties 
than  crea  the  nature  of  the  elemeDta  of  uhich  it  iscximposcd.  It 
may  iu  fact  be  Mitd  tliut  the  whole  theory  of  types  19  founded  u| 
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lh«  tU&similar  bobnviour  of  atoiDs  othcr^-isc  irlcntiril  .iivi-  in  tlieJr 
(cUtJvv  pocjtion  in  the  moloculcof  the  com^iouud: — For  example, 
Hit  cbluriue  iu  elitorate  of  [lotash  does  not  perform  tlie  same  part 
ibftt  it  docs  ill  chloride  of  )K>taaatum;  in  tlic  Inttcr  iustaucc  it  is 
soM^itible  of  displacement  when  mixed  tvitli  nitrate  of  silver  ;  tlic 
■odoble  nitrate  of  i>otnf)i  and  insoluble  chloride  of  silver  being 
finoctl  ntieu  solutious  of  the  two  suits  arc  mixed — 

Ag,NO,+  KC1=K,N0„+ AgCl 

wtierCM,  when  cliloratc  of  potash  and  nitrate  of  silver  are  mixed, 
DO  prcciiHtatioii  of  chloride  uf  ailvcr  take*  plucc.     So  it  is  in  organic 
Kil«tan«S:    for  enample,  when  isatin   CjJI.NO,   (a  conipauiid 
fcrired  from  indigo)  is  distilled  with  hydrate  of  potash,  a  powerful 
jfoliitile  base  termed    wuJiiic  (C,jHj,HjN}   is  obtniucd.       NowJ 
derirattvc«  of  isatin  may  be  formed  in  which  one,  two,  and  tbren 
[  Uoma  of  dilorine  may  be  succis^ivcly  substituted  iu  each  moleculal 
Uatin  for  au  equal  uuiaber  of  ktcrms  of  hydrogen  ;  and  when 
'ituM  ehloriimtod  oompounda  are  distilled  with    hydrate  of  potftAbp. 
^Un;  yield  snbutanocts  corresponding  in  eompositioii  to  aniline,  but 
I  io  which  a  certaiu  number  of  atonu  ()f  hydrogcMi  arc  displaced  by  a 
I  MToponding  nomber  of  atoms  of  chlorine,  tbu« : — 

tHlm.  R(>l.  ratvA.  jlnilln*-  Ctrh.  Pntwii. 

(^,lNO.+4llW30j={C,,H»)H,N'+a('K0.C:O^)-»-Hj 

OlufitHb.  CbtnniiviliD*. 

ic„H.a)No,+^  (Ko.no)=:('c„!i.(;i)irN+3  (KO.c,oj+h, 


(C„H,CLj\O.+4(i:0,IIO)=(C„H.Cl,)H,N+3(Z0.C,0.1+H^ 

By  tlie  action  of  chlorine    upon    aniline  another  eon][K)un(l 

W  tioen  oblainod  turniod  trichloniiiilint!  (C,j!I,C'l^,K,N)  in  \v\in:\\ 

ttree  atoms  of  chtoriue  have  taken  the  jilaec  of  three  atoiiu  of, 

[liydrngeo  in  the  niolecnlc  of  aniline. 

It  i«  partieulnrlv  to  be  remarked  that  the  hiisic  properties  of' 
tke  amUoe  are  preserved  in  these  compoands,  though  with  gradually 
decmuing  distiDCtiic»t ;  nud  it  is  itot  until  the  third  atom  of 
cUofiao  hits  been  introduced,  that  the  ba^ic  poi^cr  firtuHy  ditiip- 
pran  I  thua  aniline  is  (Mwerfully  basic;  chloranilinc  is  dtstinetl^ 
buic;  diciiloraniline,  feebly  so;  and  trichlorauiliiie  is  neutral. 

Not  ouc  of  ihcac  bodies  vhcn  in  solution,  combined  with  nltriei 
a  vulpburic  acid   fur   instance,  gives   any  precipitate  of  chloride 
vlwn  raited  with   nitrate  of  silver;  yet  a  oiagle  equitraleut  of 
ckkvinc,  iu  the  form  of  liT<ln>chloric  acid,  will  neutralize  the  !>asic 
power  of  aiyr  of  thciie  comiouuda :  thus  if  hydroehloric  acid  be 


PRODCCTrOV   OF  CUKHICAL  METAMORPIlOfiES. 


combined  witli  snitlne  so  as  to  form  h^drocliloratc  of  this 
(C,iI{.X,HCI),  ttte  itolutiou  will  bavo  all  the  characters  of 
neutral  rait,  nud  will  occasioD  an  imnicdiatu  precijutato  vl 
its  solution  is  mixed  irith  one  of  nitrate  of  Ailrcr  ; 


HjJrochltic.  of 


«flilr*tv  of  Aniliav. 


CyH.N.HCH  AgNO„  =  AgC!  +  CuH,N,HXO,. 

Tlicsc  diiTcronccs  may  be  accouuted  for  upon  the  fiupiKwition  tli 
olilorinCj  vh«n  iti  combinntioii,  tnny  discbiirgc  dilTereHt  function 
thus  it  is  osHumed  that  in  the  dilTcrt'nt  clUoriimted  auiliucs  tl 
chlorine  has  entered  luorc  iiitttiiately  into  the  composition  of  tt 
hotly  tlmii  in  the  cose  just  cited,  ttincc  it  is  Hupp«»cd  that  part 
the  hydrogen  in  the  molecule  of  the  base  has  bccH  actitally  di 
placed  by  cliloriue  iu  the  fimt  cases;  whereas,  in  the  Inst, 
cldonnc  is  fxttrnul    to   the   baac.     The  full  importnnce  of 
prooGiscs  of  substitution  will  be  made*  niaiiifeat  as  the  reader  pi 
occils :  and  in  order  to  facilitate  the  ac(|yircment  of  distinct  notic 
upon  this  [mint,  wc  pass  next  to  the  considurntiou  of  the  princi| 
modes  in  wbidi  the  chemist  eifeclsthe  luctAmor^iboMs  of  the  coi 
pounds  which  cuuic  beforo  him. 


$  III.  Pbodvction  of  Chemical  MET^kioKriicnBS. 

(935)  Tlircc  priacipa]  mctbods  arc  employed  in  examining  1 
elicmical  composition  of  orgntiic  bodies,  and  in  tracing  tlieir  rcL 
tions  to  other  comiHiuudit.     Ilicw:  three  methods  ai-e — 1,  That  1 
osidatioH.      2.  Tbat  of  redtict'iQrt,      ^.  TLiat  of  suhstiMion,   in> 
eluding  double  decompu»itiuit. 

1.  Oxidation, — It  will  be  unuet-essary  to  cousideT  minutely  the 
effect*  of  rapid  direct  oxidation  or  combustion,  as  the  general  result 
iu  all  cases  utiero  »  sufficient  amount  of  air  is  i^upplicil,  is  to  con- 
vert  the  carbon  into  carhouie  Hcid,  and  the  hydrogen  into  water, 
whilst  the  nitrogen  ia  commonly  liberated  iu  the  free  state.  U  ta 
the  study  of  the  proecisof  grkdnal  oxidation  which  ufTurds  results 
sp  iustruotivc  to  the  chemist.  When  an  organic  body  ia  placed 
in  contact  with  a  powerful  oxidizing  aj>;eut,  such  a.t  nitric  acitli 
chromic  aciil,  or  n  mixture  of  sulphuric  acid  and  hlikck  oxide  of 
maagancae,  Iho  cOTcctfl  which  are  produced  will  vary  in  different 
cases.  In  aome  compoundn  hydrogen  alone  ivill  be  oxidized,  as 
nben  alcohol  is  vubmltlcd  to  distillation  with  chromic  acid ;  in 
which  case  water  is  produced,  and  a  new  body,  aldebyd,  containing 
all  the  carbon  of  the  alcohol,  is  produced : — 


jUMftol. 


Ald-M- 


In  other  iustanocs,  botli  the  carbon  and  tlie  lij^'drogeii  nre  partially 
iciuqtmI  in  the  form  of  carbonic  ucid  and  vr»tor,  wtiil^it  au  organic 
iKjij  of  less  conipl<:2E  composition  U  Icit;  as  vcbcn  stearic  add  is 
tnatcd  with  nitric  acid:  in  tUi»  cu»e  tli«  products  vitry  with  the 
HftDgth  of  the  acid  employed,  aud  with  the  time  during  which 
fitty  are  left  to  act  upon  each  other;  so  that  the  foUo^ing  com- 
poiinda,  each  succeasircly  simpler  in  composition,  might  be  uhtAiuctl 
(torn  stearic  acid  (CjjITjjO,)  :— 


Capric  acid .     . 
Suberic  acid     . 
Koielic  acid 
O^uauthylic  acid 


c„u„o, 


Adipic  acid  . 
Succinic  acid    . 
Butyric  acid 

&c. 


c. ".  o, 

Cs  Ih  0* 


But  it  i»  Dot  only  to  the  proccsecs  of  oxidation  elTeclcd  in  the 
laWatory  that  it  is  ncccMtiry  to  attend.     Cudizliig  nctioii!*  arc  in 
anttant  operation  unpl^rceiTe(l  on  every  aide  of  us,     The  gradual 
decoy  of  organic  compouuds  is  owing  to  their  spontaneous  slow 
ciidation :   for  decay  is,  in  reality,  only  a  slow  process  of  combus- 
lion;  a  fact  which   Liehig  indicate*    by  ftubatituting   the  term 
rrmiacausU  for  that  of  decay  (from  irpJM"?  '  gentle,'  Kavai^  '  com- 
kiitioD ').      Tho  decay  of  wood  is  a  familiar  instance  of  this  liind  ; 
'  the  hydrogen  of  the  wood  bccomcx  more  rapidly  oxidined  than  its 
jOriioD,  and  tlte  result  is  the  formiilion  of  a  brown  powder  termed 
lalniin    or   bumiis,   in  nhich    the   carbon   preponderates   over  the 
lltjrdK^eu  and  the  oxygen   to   a  much  grcntc^r  extent  than  in  the 
■ugd  fnjni  which  it  was  formed.     Such  aetiouH  take  pluce  generally 
the  combined  iufluciice  of  mol^tiirti  and  of  a  temperature  of 
60^*  or  ujiwanU.      If  the  sub«tancu  be  perfectly  dry,  or  if  the 
temperature  fall  to  the  freezing  point,  oxidation  is  usunlly  com- 
pletely arrested.     Contact  witli  a  body  nliich   is  itself  actively 
nnileTgoing  alow  oxidation  will   frequently   induce   thi»  oxidixing 
■eitou  iu  Bubatauces  nhich  have  a  stronff  affinity  fur  oxygen,  but 
vhicb  do  uot,  vlicn  in  a  pure  state  tliem^elvcs  undor^  oxidation. 
Alcohol,  for  example,  doc»  not  undergo  oxidation  whun  uUowcil  to 
mporate  in  air ;  but  if  it  bo  mixed  with  a  little  must  or  some 
nhstaiicc  sUAoeptible  of  oxidation,  the  alcohol,  when  brought  iuto 
aonlact   with    ntmoaphcric   nir,    becomes   oxidized,   and    fiiniii«hcs 
lldohyd  and  acetic  acid  {107S).     Sometimes  the  steps  of  the  process 
day  be  pretty  clearly  traced ;  for  example,  n  solution  of  grajic 
I  an  olvoholio  wlution  of  potash  docs  nut  abtwrb  oxygen 


UETAUOSrBOSES   BT  OXtSATIOV. 


when  exposed  to  the  air ;  bat  tlie  additiou  or  a  minnte  fjuastity 
of  fiulplmidjlic  add  (1324)  effects  tiic  oxidation  of  tbc  sugar;  pro- 
bably, &»  Tniti1>o  suj^e&ls,  hy  the  absor|itioii  of  oxjrgcii  011  tb^ 
pairt  of  Ibe  suljiliiudylic  arid,  and  tbe  trnmfer  of  oxvgcu  to  Ib^ 
BQgar  i  the  flulphiiidjrlic  acid  atieorbing  frrsh  oxygen  and  agoiQ 
parting  witli  it  to  fresh  {x>r(ioiu  of  sugar,  acting  in  fnot  as  n  ciirrled 
6f  osvgfu,  jufit  as  dcutoxidc  of  uitrogen  docs  to  sulphurous  aciu 
during  the  manufacture  of  oil  of  vitriol  (344).  Another  an« 
logDiiK  experiment  of  Trnubc's  conKi.tlw  in  hating  n  sobition  ol 
oxide  of  eoppcr  coutaiuing  a  lai^  qunutity  of  bydronhloratc  ol 
ammonia,  vith  grape  sugar  ;  110  redaction  takes  place  erco  vbcq 
tlie  lifjiiid  is  boiled  ;  but  if  a  «iunll  <|itiu)titr  of  rc<hic«l  and  colourv 
Icfis  sulphiDdylic  acid  !»  added,  the  blue  eolour  of  tbe  indigo  renn 
I>cars,  owiDg  to  the  absorption  of  oxygen  by  the  indigo  acid  fron 
tbe  black  oxide  of  copper ;  the  ncid  then  ^ivcs  up  its  oxygen  to  thfl 
BUgar,  afler  which  it  again  takes  up  more  oxygen  from  a  fresfl 
qaaotity  of  oxide  of  copper;  so  that  in  a  short  time  theirboleof  tU 
BQgsr  t8  oxidized,  and  the  oxide  of  copper  rcduccil  to  tbe  suboxide] 
whilst  the  sulphindylic  add  la  Icfl  apparcutly  unaltered.  Hid 
sulpliindylic  acid  is  in  fact  much  more  easily  reduced  ihau  tbd 
oxide  of  copper,  and  yet  it  has  tbe  poner  of  eauly  absorbing 
oxygcu  from  this  oxide.  Aa  action  vimilar  to  thie  of  the  KulpM 
iudylic  aeid  in  favouring  oxidation  in  tbe  sugar  is  suppueDd  td 
exist  in  many  other  cases,  as  for  example  iu  the  ordinary  proceai 
of  vinegar- ranking  froui  sugar  and  natcr,  where  the  presence  dj 
certain  nxidixable  mattent  is  found  hy  experience  to  bo  neceBsai4 

Ttic»e  »Iow  processes  of  couibusLiuu  are  intiuiutely  conneotel 
irtththe  dtvtlopmcnt  of  ozone,  or  chemically  aclJTc  oxygen  (:R8m 
]n  certain  CBsma.  the  formation  of  ozone  ift  fo abundant  dunng  ioM 
actions,  that  they  fumiah  some  of  tlic  best  means  ufoblaJQiug  tliH 
etngolar  body.  Thus  ozone  is  always  formed  dunog  the  slofl 
oxidation  of  pho)«pl)oru«  in  nir ;  and  it  npjjcan  nlso  to  be  pro«luCM 
iu  tbe  oxidation  of  oil  of  turpentine  auil  of  ether  under  parlieuUl 
Circuni3t3ucc9,  aa  when  a  hot  platinum  wire  is  suepcndod  iu  a  mia 
tore  of  tbe  vnjiotir  of  ethc-r  and  titmosphcric  nir.  Tbe  ozunc  thjl 
developed  has  in  iti  turn  a  powerful  influence  in  promoting  tn 
oxidatiou  of  the  orgauie  body,  though  uf  counc  it  canuot  bo  eon 
poanl  tbnt  the  presence  of  ozone  is  essential  to  the  production  and 
development  of  NUeh  niidatiouK,  for  they  constantly  occur  vihem 
uo  ozoDC  cau  be  nupiioM^l  to  exist;  Trbilst  in  other  caics  tbe  pia 
dnction  of  ozoikc  appears  to  be  a  consequence  rather  thau  a  caul 
of  the  proccsa.  I 

Tbe  im[iortancc  of  studying  tbe  action  of  such  cases  of  o&tdJ 
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tkn  mnst  be  obnoun,  wben  it  U  bomn  in  mind  tfaat  it  is  tliraji 
br  the  sgeacy  of  osygeu  that  the  various  complex  Bubstaoces  con- 
tained in  the  animal  body  arc  gradually  resolved  into  <:ar1>oii!c  acid, 
water,  nnd  ammoaia ;  in  one  or  otber  of  which  forms  the  organic 
{■nsdnctii  return  sgoin  to  tbc  domutii  of  inorganic  ebcmi-stry. 

(93!^)  2.  Metamorphoses  btj  Reduction. — Procesaes  of  rwUictioa 
in  htts  oomplotcly  under  the  control  of  tlic  chcmi»t  tlian  those  of 
(nidation,  and  tUcy  arc  cous«qucut1y  not  applied  in  the  laboratory 
M  easily  or  so  frecpentlr.  In  a  few  coac^  one  or  two  atoinH  of 
liTitrogcD  may  be  combined  iritti  each  molecule  of  the  original 
(Dtnpound ;  thiis  alloxan,  uudcr  the  influence  of  sulphuretted 
hydrogen,  fumiahei  alloxantjn  : — 

in  a  somewhat  similar  maimer  blue  iudi^,  imder  the  com- 
iacd  action  of  protoxide  of  iron  and  alkalies,  becomes  converted! 
lialo  white  indigo : — 

VOa*  Iodic*.  VTMa  luJiRD, 


\ 


»C„H,N'O,  +  H,0,+  aPc,0,=3C,,H,NOg  +  3Pe,0,. 

Sotnetimes  deoxidittion  occur*  dnring  the  process  of  fvrmeiitii> 
'tioD;  u  when  malate  of  lime  is  altuvted  tu  ferment  in  cuutaot 
vjifa  decayed  cbeeee;  succinic,   acetic,  rikI  curlionic  acids  being 
result :  the  formula  of  mnltc  acid  ditlVring  from  that  of  aue- 
■eid  by  containing  more  osygcn  in  the  proportion  of  Oj. 

-     Sialic  acid       .  =  C^HjOy, 
Succinic  acid  .  =  C^lljO, 

(9^7)  3*  ^^(^"forphosem  by  SubsiltuHon. — Tlic  meLliod  to  be 
ailq)lcd  in  the  formaiioo  of  new  compounds  by  displacement  or 
^titotion,  coniitiititcs  an  important  object  of  chemical  inquiry, 
tlic  proMontiou  of  Riicb  roMearcbe*  often  gives  a  clue  to  the 
conetttntion  of  the  body  under  examination,  and  to  its 
to  other  eomponnd!).  The  ordinary  metbad  of  preparing 
:ble  iuorgaiiic  coiii|K>und«  by  double  decoinjMtiitioii,  is  simply 
a  ease  of  the  substitatiou  of  one  base  or  one  aeid  for  another: 
rtcn  toUitioas  such  as  thoue  of  carbonate  of  potash  and  nitrate  of 
hnrim  arc  mingled,  the  barium  is  exchanged  for  iiota*»ium,  and 
i*ftpr»ic»lly  potasainra  for  barium;  a  K0,Cj0^  +  2(Ba0,N0j)  = 
'  \0.  +  l(KO,XOj).  This  species  of  siibsititutioii  i»  also  a 
...^1,.^  o|Knition  amongst  the  compounds  of  organic  chemistry ; 
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for  the  clicmist  has  learatNl  to  dUplace*  various  elemeDUr^  < 
ntaiiccs  iiy  oompouiiil  groupHj  as  whcii  by  tho  mutual  Act 
Iivdrocyaiiic  nciil  and  rwl  oxidft  of  mercury,  cyanide  of  me 
Rnd  Bnter  are  produced;  2  HCy  +  Hg,0j=t2HgCy  +  H,0, :  Hi 
hydrogen  and  the  mcrciiiy  being  subatitiitcd  the  one  tar  tH 
other ;  whilst  ttc  groiipCy  (  =  CjX),  take*  the  place  of  the  osygB 
in  the  oxide  of  mercury.  Suhstitutiona  of  (groups  of  greater  coot 
plicutiou  than  these  are  also  readily  effected,  nnd  it  in  even  (loaudli 
in  Bomc  iastaiiccfl  to  produce  true  organic  compoundn  from  iri 
organic  elcmcnta  (930). 

Pew  iustAtices  of  Mihstittition  arc  more  rcniarkslilc  than 
by  which  atumonia    may  he  convortcd  into   »  complex    of 
ba«  : — ^wlicn  bromide  of  ethyl,  for  esample,  is  mixed  with  t 
tion  of  ammoDia  iu  alcohol,  placed  in  a  waled  tube  and  be 
for  a  few  hours  to  313°,  a  reaction  occtini.  In    ootiaetjtienc 
which,  nK  the  mixture  cools,  ciystals  of  hydrobrotnate  of 
(C,lIjN,HBr)  are  produced ;    and  if  this  compound  he 
with  Iivdratc  of  potash,  bromide  of  jiotaMiiuni,  water,  and  a' 
base,  e'tbylia  (C.H.N),  will  be  formed. 

Now,  the  molecule  of  ammonia  may  )>c  represented  ta 
fristiiig  of 

,,l^     and  tbcmolecule  of  ethylia  may  in  like  manner      *i 
-.r  '  be  \-icwed  011=  | 

or  BB  ammonia  in  which  I  atom  of  hydroRen  has  been 
by  C^\\^,  or  its  equivalent  of  ettivl.  The  »ul»titutiou 
uudcrstood  from  the  following  equations: — 

BrWDille  of  Xlk;l.  ITrinlnaiMorBUk}!!*. 

c7H("'+IWN=C;Uj,lI,N,UDri  nud 

c5M^,N^r+  KO,HO=C^»(,H(K*+KBr+H,< 

Again,  if  bromule  of  ethyl  be  heated  einiilarly  witli 
base,  a  eecond  atom  of  hydrogen  may  be  displaced,  and 
broinate  of  a   second  more  complicated  busir,  dictbylia,  (C 
will  be  obtained;  and  from  tlii»  hydtubroiuate  the  paro^ 
liberated  by  dietillution  with  hj-drato  of  pblasli.     In  dicti 
atoms  of  hydrogen  have  bfien  divplocod  by  ethyl : — 


*  Tilt  KrwKpli  t«fni  rtmpUevmeit  tt  ttsatlly  lluL  iu/vuntply 

r- .  '  ^  of  tb«  U1I6T  Kord  is  {lulUnK  bad 

.,1  liuJ)i>>aTP7*  llic  mruiiuf;  u{  lliv  Frr 


srBSTinmox  of  chlobikk  xhd  its  axalooues  iroB  incitout.N.  G3 


fc.n, 

Thus,  (Hcthvlia,  C^II„N,=    C.H. 

I   h" 


N; 


snd,  again,  if  bromide  of  etbvl  be  mado  to  act  upon  dictliylia,  tlie 
thirf  atom  of  bydrogeo  i»  displaced,  and  irietliylia  (C^Hi^N} 
n  eombiiiation  nntli    hjrd robronoic  acid  U  produced;  aud  tkus  a 


conpltx  fttnmonia 


C,H,J 


built  up  st«p  hj  aUsp,  by  tbe  »uc- 


nvc  removal  of  liydrogcn  and  thesabstitution  ofaooire^pouding 
iber  of  ix|tiivaJent3  of  pthvl.      Many  cum  of  the  samo  nature 
Fi3l  be  cxhibiu:d  when  the  Rrtificiul  formation  of  orgnnic  bases 
Game*  uuder  the  notice  of  the  reader  (1183). 

(938)   St^tilution  of  Vhhrine  and  its  AntUofftiea /or  Hydrogen. 

)t}ier  remsricable  species  of  compounds  which  are  obtaiued 
t^  inbnitution,  are  those  in  vbicb  a  portion  of  tbe  bydro^i  of 
tbe  ori^nni  body  is  displaced  by  cblorinc.  When  a  cun'cnt  of 
Aq  eblorine  gas  is  j)a5scd  tbroiifrb  certain  nrganic  litiiiids  containing 
hjdrogcn,  tbe  cbloriue  is  rapidly  ab»orhcd,  especially  if  the  action 
be  aided  by  exposure  to  light  or  to  the  direct  rays  of  the  aim  ;  tbe 
ngauic  compouud  nndorgocs  decomposition,  obuudmicc  of  hydro- 
t{doricficidc*capcs,  and  a  nevr  organic  body,  into  the  composition  of 
ibich  chlorine  enters,  is  formed.  Thia  docom]>oiiilion  is  nauaily  very 
,deiiute  in  ita  nature.     In  the  majority  of  cases  tbe  new  product 

perfectly  anali^ous  to  tbe  coiii|)ound  from  whicb  it  is  fumislieil, 
and  conlaiiis  the  same  nunil»cr  of  elementary  atoms,  but  a  certain 
luuaber  of  atoms  of  its  hydrogen  haa  been  displaced  by  a  eorrc> 
ipoodiug  numbcrof  equivalents  of  chlorine;  so  that  forerery  atom 
of  hydrogen  remoced  in  the  form  of  bydrocbloric  acid,  aii  e^uiva-j 
lent  of  chlorioc  has  been  snb«tituted.  Thi*  very  singular  species 
of  lobstitutioo  vas  originally  observed  by  Gay  Lussacto  take  place 
«bca  vax  i«  acted  iipou  by  chlorine  ;  and  a  good  cample  of  its 
occurrence  has  already  hccti  considered,  when  engaged  in  tracing  the 
taovpnioD  of  Dutch  litjuid  into  sc»iuich1oride  of  carbon  (400).  This 
I' -111  of  fuhsiitutiou  iaof  frequent  occurrence,  and  suuie  of  tbe  most 
lu'inirtive  jastaucts  arc  aflbnled  by  the  action  of  chlorine  njioa 
ctbcr  and  upou  other  dcrivalivesi  of  alcohol.  For  example,  whea 
Ibc  vapoar  of  hydrocbloric  ether  (0,HsCi)  ie  subjected  to  the  action  j 
ordiloriac  in  the  direct  lays  of  the  sun,  the  chloiine  immediately 
bepnti  to  act  upon  thecttier,  and  the  action  may  then  be  continued 
io  diffuwd  daylight.  The  cxpi^rimeiit  may  be  conducted  in  an 
■pftttatuf  siiLiilar  to  tliat  used  in  preparing  Butch  liquid,  and 


fa  MJBuKTrrroN  or  chmiixb  asb  rrs  axaloopis  foe  bti 


Bhovn  in  fig.  295,  part  ii.  p.  247.  In  orilcr  to  supply 
cliloric  ctheTf  a  muture  of  hvdrucliloric  add  aud  ulroti^ 
ill  the  retort  a,  and  warm  voter  »iilist  it  uteri  for  •■itljilit 
ttiB  liottle  c.  By  attention  to  a  iiumticr  of  precuutiuuii.  AH 
of  componnds  is  furnished,  iu  vhkli,  equiralent  for  eqninu 
lij'drogrii  is  di^placc-il  W  cldoritic,  uiitd  at  li^:igtli  llic  l^Hj 
obtained  i&  scequichloride  of  cariioa.  The  fiilluitiBi;  tafll 
llie  successive  steps  of  the  reaction,  and  indicates  some  of ' 
pcrtics  of  the  diflcrcnt  compouinU: — 


i 

\m.viu 


Jltmt  of  ConyiiMit, 


Hj'dracbloric  Ftli«r 
CUlorinittcd  ditto      .     . 

Oi«blonuat(>d  ditto  .     ■ 

Tricldorinatml  ditto     . 

Tctraclilortiiatvd  ditto  . 

&cH{Hichlovid«  of  ctrbon 


Forarttta. 


C.H.Cl 

c,Ha| 

c,H,cn 
CI,  r 

C.HCiS 


lUfai 


The  dcBGtty  of  i3ie*e  compounds,  loth  in  the  «ta1o  of  liquii 
vapour,  iiicrea&cs  a«  the  qiiuntit}'  of  cldorinp  iucwaM^  ;  the 
of  1  molecule  of  vapour  is  the  same  for  »ll,  being  =  4  w 
Tolitmc  of  O  =  S  is  talceD  as  1 .  It  utill  also  be  bocq  that ' 
ing  point  riKCN  a»  the  quantitj^  of  chloririo  iticn-iu 
Rialecule  of  each  of  tlictc  bodies  contninR  ihe  name 
eletutmtar;  atoms,  which  nppcnr  to  be  grouped  iu  the 
in  each  wmiiiomwl.  The  chlorine  apiit-jifs  to  hare  takf 
of  hyiliLijjtu  in  Ilic  group  without  disluihiug  thp  rvhiti 
of  the  other  elements  which  enter  into  its  formotioi) — jq 
hricl  in  an  edifice  omy  bo  conceived  to  admit  of  b< '  ^* 
whiUt  it«  I'lacr  is  t^upplied  by  a  block  nf  wood  or  of  1 
altcriog  tiie  form  or  symtnotry  of  the  buitding, 

A  striking  proof  of  the  pemistenoe  or  the  moh^jul 
of  the  oompouud,  oud  of  ;bc  prcscn  ntiua  of  the  telativi 
of  it*  compoDcnt  partidea,   ta  aifonled  whm  two  par 
tsonuuno  anhftitutton-compnuiKU  am  ernnparHl   wit 
Sadi  a  {Anillel  in  alfotdcd  }ty  the  rbloriiulH  rami 
&om  hydroehltme  ether  and  from  Dutch  litji,   I, 

j[  1 — '— .1"  hppn  Kiidnincil  (^ *'   ■     ^  ,1 

of  gjui  aud  olcfiaat  go. 
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65 


dually  enter  into  combination,  anr!  form  the  oily  frigrant  body 
kaowD  as  Dutch  liquid  (C,  H  .Clj) :  and  further,  that  when  tbi»  Ii4<itil 
m  vubniittcd  to  the  aaion  of  chlorine  iu  cxcuu,  a  series  of  com- 
pouuds  is  obtiuncd  from  it,  in  wliioh  each  atom  of  hydrogen  in 
ncoeaiioa  is  displaced  by  an  cquiralcnl  of  chlorioe.  Now  it  will 
be  firaod,  on  romiiariiig  tbt-sc  bodies  with  thtise  furninhcd  by  acting 
upon  hydrochloric  elhor,  that  a  cortiiiu  number  of  them  arc  meia- 
mtric  in  pwr«,  although  the  tiro  memberB  of  t-ach  pair  pofstcwvcvy 
[  4iftrcat  properties,  as  mar  be  seen  by  examining  tlie  following 
table,  where  the  uietameric  [>ain  are  (ilacod  side  by  side  . — 


Sm»b  of  CifqujI  d. 

Fanmila. 

folDI 
-1'. 

JtaaothlonBttcd    hjrdnchLo- 1 

c,ii,ci,nci 

C,H,CI.Cl 

I-I74J 

-~ 

3450 

34-8 

lloncN-hlurinate<)  DuUb  lii]tiid 
OieUOTniaUd  HCI  elber    .    . 

c.H,cvnci 

1)1= 

1-413 1 
1-37'' 

4613 
4MO 

DictdoritaU-i]  Dutob  ll(|ui(l.    . 
TncUrtTinntrd  Bl'I  rtLcr    .     . 

C.HO^HCl 

o.ii,cr,.a 

5767 
5y'» 

Trielilorinateil  Dalch  linaid 
Tf4Mcbloriaat*d  UCl  otbn-     . 

r.ci,.HCi 

C.UC1„CI 

1-644* 

. 

1 

6m  i 

Snqnidil'Mrid*  of  csiboa     .    , 

c,c\,.cun 

C,C1,.CI  Cf) 

irfi' 

B..liJ.    t 
34O   1 

8''57 

t 

K  noleeiile  of  each  of  these  cornpounds  in  the  gnseonK  state  occu- 

pa  four  vulumca  uf  ru[K>ur ;  onn&cquciiUy  the  vapour  dcniaitim  of 

I. tub  iDctamcfic  pair  nearly  coincide ;   iudccd  it  ia  a  necessary  con- 

hdilion,  that  rqtial  irciglits  of  all   metnmcrie  bodies  yiehl  equal 

jTDliunfs  of  vajionr,  and  therefore,  allowing  for  errors  of  csiicrimcnt, 

I  tact  amend  cs  most  altvaya  coincide  in  density  in  the  gaseoua  state; 

'lat  in  Uie  liquid  form,  tbcdcmitiraof  the  components  of  each  pair 

ut  widely  different,  and  the  temperatures  at  whirh  they  boil  are  n!so 

I  j}iir<?n-ti t.      There  is  likewise  a  iiiarkc<]  difiernice  in  ihcir  clieniieal 

I,  and  in  the  mode  of  their  decomposition.     The  following 

)mc  of  the  point«  of  differenec  : — The  8nI»titution  conipoinuia 

Icrired  from  hyilroehtoric  ether   arc  scanrely  affectefl  crcn  wlica 

with  an  alcoholic  solution  of  potash,  or  with  one  of  hydro- 

itc   of  polaH$ium  (KK,  HS);  nud  potassium  may  remain  in 

tlicm  at  onlinary  tcinpcnttiircswitliout  being  acted  upon.     On  the 

otiker  liaitdj   wbcu  the  coni)>ounils  derived   from  Dutch  licjuid  arc 

iratod  witli  uq  alooholic  soluliou  of  potash,  iliey  are  rapidlv  dccotn- 

3  f 


b 


€6 


snutiTUTioN  OP  chlohike  tor  otpiwakn. 


posci],  chloride  of  potassium    and  water  arc  formed,  tuid  a 

sobstanctr,  coasitlcrablr  more  volatile  tliau  tlio  original  clilnrls 

jBompouud  U  obtaiucd  :  tbus  : — 

Dweb  LaquhL 

cXCHCi+KO.HO  =  c,H,a+Ka+H,o,. 


St  Ibsattioo  vfUfdnMoCPvUdi 

Dutch  li<iQid  .    .    .    C,IT,C1.  BCl  yicUU 

MonoeUorinittt-c)  tUtIo  C,  H  ,a,.HCi  „ 

Diobtorinatod  ditto  .    C.H  C1,.HC1  „ 


c.Hci; 
c,   a, 


'4! 


If  an  alcoliolic  solution  of  hydrosulpliatc  of  potiLisiuni  bcemplo 
instead  of  the  hydnttcd  alkiili,  viiriou*  sulphurcttctl  coin[KiundBi 
produced  ;  and   iW  ohlorinatcd  derivatives  of  Dntch  liquid 
riolcntly  decomposed  by  potassium. 

Now  it  is  obrious  tlictt   tlic  original    dillVrcitoc  of  mok 
groiipiag  is  prenerved  tliroughout,  both  iu  tlie  seriea  of  Dutch  lit 
ftod  in  that  of  tiydrocliloric  ether,  eo  that  the  chemist  la  thug, 
were,  enabled  to  di»oct  tbcsc  compounds  by  the  agency  of  chlori^ 
niid  it  is  not  until  tliu  la.->t  uttmi  of  hydrogen  m  reiQor(^,  that 
molecular  arrangemt-nt  brealis  dowu;  both  §rroups  in  that 
yielding  the  saiue  oompoiuid — viz.,  the  scsciuichlondc  of  c»rt 

The  discovery  thcit  the  iiul>!<titutiun   of  chloriuc  fur  hydt 
was  practicable,  at  tirst  cscitfd  tlie  greatest  astoniiilimeiit  at 
cheinuts,  aiiice  owing  to  the  powerful  affinities  of  chlorine, 
larly  wTicn  its  electrical  oppORitioii  to  hydrogen  is  buroc  in 
the  possibility  of  Bueh  an  occurrence  was  nerar  saspwrted. 
diitpliux^meut  of  oxygen  by  chlorine  nas  familiar  to  the  niiiid  of  ] 
chciiiist,  but  the  displacement  of  hydrc^'n  by  chlorine  uaa 
citinstance  in  opposition  to  the  doctriiieii  of  aflinity  then  pre* 
The  discovery  of  tLis  remarkable  fact  has  led  to  llic  productio 
HuliHtitiitiun  of  an   immense  iiuinbcr   of  analogous  cotnpouD^ 
Oilier  groups  of  organic  Iwdies.     The  new  prodiictB  no  obt 
luiwcvcr,  arc  iu  general  itosae&sed  of  but  little  intrinsii:  iut 
The  iinportaucc  of  accurately  studyiag   the  stcpa  by  which 
aubstitutions  arc  effected,  can,  however,  be  «coroelyovcr>efttii: 
uvliiK  Iu  the  light  which  they  frequently  Ihron  upou  the  vie 
the  (.-tjni  posit  ion  of  organic  conipound»,  and  of  their  rchitic 
othiTM  where  no  obviotm  connexion  had  lieeii  previoiitly  tracnlJ 

It  fcldnm  hapjjcjui  that  llir  process  of  aubslitntion 
(Mlowiid  Uirough  its  aacccs&ivc  8(«gv»  ao  completely  aa  in  ttw 
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I 


of  hydroeliloric  ctlicr  or  of  I>utch  liquid  ;  tlie  products  of  the  opera- 
lion  arc  mingled  irith  each  other,  aud  ofteu  cauuot  be  satiMfuclorily 
3q)«nt«d.  Tlic  lint  atom))  of  bjdrogcu  arc  displaced  more  readily 
ihsD  llic  others,  aud  frequently  the  Iu!>t  atom  is  rcniovt-d  nith  great 
diSiciilty.  It  ie  onen  necessary  at  firt^t  to  niodcratu  itic  action  by 
cooling  tbc  ]ii{uid  artificiallv,  and  by  placing  it  either  iu  obscurity 
or  only  in  tbe  diffusted  li^bt  of  day  ;  whilst  to  complete  the  displace- 
ment of  the  la«t  portion!,  the  stroiigcst  Kunligbt,  aided  by  a  tem- 
perature of  ebullition,  is  frequently  requisite. 

Siibstitiittons  of  bromine  and  loiliiic  fur  hydrogen  may  also  be 
eflectcd  by  aualogout  metbuds,  nitbuugh,  un'mg  to  the  feebler 
aRinitics  of  tbeac  elements,  the  reactions  take  place  with  less 
vcbetncuce. 

In  a  few  instances  a  substitulioa  of  an  atom  of  deutoxlde  of 
nitro^u  (NO^)  for  au  atom  of  bydrogeo  has  been  observed;  thus 
itinttronaphttalln,  by  the  redtioing action  of  sulphuretted  hydrogen, 
yicldi  a  compound  termed  uitroftonaphthylamine,  or  uinaphtbyba — 

riiii1niii|>ltii>"ii  KiuBiilillirllL 

In  otbcf  instances  peroxide  of  nitrogen  (NOJ*  may  be  sulMti- 
tnted  for  bydrogcu,  equivalent  for  equivalent,  as  when  bcnzoi 
{C„II,)  is  acted  upon  by  nitric  acid,  aiul  ii»  converted  into  uitro- 
bcnsol  (C,,1I,  NOJ  whilst  water  is  formed.  Each  atom  of  nitric 
Mod  (IIO,NOJ  in  tbtse  casc9  lo^es  bxygcu  in  tbe  proportion  of 
(^  half  of  this  oiygcn  combines  with  the:  basic  hjdnjgcn  uf  the 
■eid,  the  other  half  combines  vith  an  atom  of  liydrogen  derived 
ftooi  the  beniol,  whilst  on  cijuivuleiit  of  peioside  of  nitrogen  takes 
I       tlte  plfloe  of  tlie  hydrogen  so  removed  j  thus  : — 

V        Scb 
f  noeeedi 


«t»cl. 


SttriD  kU.        ItiUQ-baBoI. 


appears  to  have 


cdlctiiit;  tbe  iuttii'cct  substitution  of 


Scbutzenbergcr  (Comples  Rcndus,  Hi.  135 
iBOeeedol>  in  &utnc  case^,  in 
clKtra-ne^tive  bodies,  each  as  cblorine,  iodine,  aud  cyanogen,  for 
BTOn  the  basic  hydrogen  of  certain  organic  acids;  and  thus,  in  a 
certain  sense,  chlorine  and  its  <uial(^\i(.-:7  an-  sbuwii  to  be  cbc-uiicully 
a|iiit-alcut  to  potassium.  In  order  to  eS'cct  these  transformation!  it  is 


*  It  ii  worthy  of  notice  (hat  t  atnon  of  peroxide  of  nilrajioii  (^iOJ  in  tbe 
Ewt^xdi  ■la(>>  oii_-upin  4  Ytlumn,  whilst  tlio  (tiuivsU-rit  ofhydrOKun.  of  rlilo- 
nttf-,  kn<l  of  ollur  rlumenti  nhioh  admit  of  being  sabelllutcd  for  each  otiier. 
unipiM  J  Tolui&<«. 


6S  INVERSE    SfBBTITUTIONl. 

necessary  to  displace  the  hydrogen  of  ttie  acid,  or  the  metal  which 
occupies  its  place,  by  some  electro-negative  group.  Thus,  if  acetate 
of  potash  be  treated  with  chloride  of  acetyl  (1094)  acetic  anhydride 
is  obtained  : — 

K      j"^+     CI     j-C,H30j"*  +  *^^*' 

and  if  acetio  anhydride  (1108)  be  digested  at  a  very  low  tempera- 
ture  with  hypochlorous  anhydride,  tlie  red-coloured  liquid  at  first 
obtained  gradually  becomes  colourless,  and  an  acetate  of  chlorine  is 
formed : — 


i^H^Oj^^  +  Clj"'-     CI      j"^+     Ci      ]"*• 


Similar  compounds  may  be  obtained  with  bromine,  with  iodine,  and 
with  cyanogen.  All  these  bodies  are  extremely  unstable,  most  of 
them  undergo  gradual  decomposition  at  common  temperatures ;  the 
compound  with  bromine  eren  explodes  spontaneously,  that  with 
chlorine  at  212'^,  and  that  with  iodine  at  a  temperature  somewhat 
higher. 

These  compounds  are  respectively  metameric  with  chloracetic 
(11 10),  bromacctic,  and  iodacctic  acid^,  but  they  bear  no  resem- 
blance to  them  in  properties.  Similar  combiiiatioos  with  butyric 
and  benzoic  acids  have  been  obtained. 

(929)  Inverse  Substitutions. — A  scries  of  substitutions  the 
reverse  of  tliosc  just  dcscidbed,  and  in  which  the  chlorine  or  iodine 
is  displaced  by  a  corresponding  numbcrof  equivalents  of  hydrogen, 
often  furnishes  results  of  very  great  interest ;  but  the  methods  of 
effecting  these  inverse  substitutions  are  only  beginning  to  attract 
the  notice  which  their  importance  demands,  i.  Bcrthelot  {Ann.  de 
Chimie,  III.  li.  48}  has  pointed  out  that  when  the  compounds-  for 
experiment  are  of  a  very  stable  character,  free  hydrogen  at  an 
elevated  temperature  may  effect  this  species  of  substitution,  though 
a  good  deal  of  the  chlorinated  compound  is  always  destroyed : 
several  of  the  chlorides  of  carbon  yield  such  results ;  thus,  proto- 
ehloride  of  carbon  when  transmitted  in  vapour  with  hydrogen 
through  a  glass  tube  filled  with  fragments  of  pumice  and  heated 
to  redness^  furnishes  hydrochloric  acid  and  olefiant  gas : — 

C^C1^4-4  Hj  =  C^H^-i-4  HCl. 

Bichloride  of  carbon  yields  marsh  gas  and  olefiant  gas  : — 


siKTIIinc  rmooucTioN  or  oxqakic  coMPuD?fDS.  so 

C,CI,-f4H,  =  CjiI.+4HCh 

TliB  olefiant  gais  is  tlie  result  of  the  efrt:(;t  of  hrat  upon  tfic  biclilo- 
ndc  of  c&rbou  wliicli  is  partially  decomposecl  into  the  prutochlorkle 
(C,CIJ  and  free  chlorine,  nnd  thU  [)rotocbloriilc  is  tUt^n  convcrtol 
liuto  alufiaut  ^as  1i;  the  action  of  the  hydrogen,  as  already  explKiiicd, 
2,  fi^aiKeni  hyitfogen  may  WTDi^tinics  be  tnor«  advniilagcously 
jrtetl  to  in  effecting  reductions  of  this  description.  In  this  way 
IcUca»,  by  acting  upon  triclilorocctic  acid  with  an  smalgam  of 
P»ta»uai,  repnxliiced  acetic  acid ;  Franklaiid,  hy  metins  of  sine,  has 
obtained  the  hydrocarhon  radicles  of  the  alcohols  and  their  hydrides 
(1038,1041)  fi^ra  their  ioilidcs;  mid  Berthclot,  hy  enclosing  the 
bromide  of  ethylene,  of  trilyleiic,  of  letryleiic,  and  of  iiimylciic  in 
ilrong  glaaft  tubes  in  contact  with  water,  copper  foil,  and  iodide  of 
potassinm,  and  snhseiincntly  heating  the  mixture  to  537°  in  an  oil 
b«th,  procnrcd  olctiaiit  gu»,  trilylcnc,  tctrylcuc,  nnd  amylcnc, 
acoompanieil  hy  some  ga-seoua  bodies  which  are  products  of  a 
•eeondnry  decomposition.  If  the  use  of  copper  he  omitted,  the 
prodncta  of  secondary  decompueition  arc  more  coiiiiidcrahic  ;  bo  that 
it  would  appear  that  a  part  of  the  organic  body  had  taken  the 
place  of  the  po|»per,  and  liad  undergone  oxidation  at  the  ex[)Oiifee  of 
tbe  mygnn  of  the  water,  whilst  the  hydrogen  Imd  cffcrtcd  an 
Hsnvcnc  sub»titut!oii  and  fonneil  htfdridea  of  ethylene,  ti-itylene, 
tetiylcoe,  and  aniylcne. 

Wlien  the  copper  is  present,  the  reaction  is  probably  of  the 
Wlowiiig  nature : — 

C,n»Br,+  H^  =  C,H,+  a  HBr. 

ttlien  tlie  copper  is  not  added,  the  decomposition  may  be 
fr^rwt'Dtcd  ae  follows  : — 

C,U^Br,  +  l!!j  =  C,lI,II,+  2  HBr. 

(930)  Synthetic  Production  of  Organic  CompoHnd*. — A  com- 

llitaaliou  of  the  operation*  of  direct  chemical  action  with  those  of 

etuhlca  the  chemist  in  some  instances  to  build  up  a 

compound  from  inovganic   naoierlals.     This  is  well 

upHfic*!  in  the  artificial  production  of  nectic  acid  in  tlie  manner 

pointed  ont  by   KoIImj  (Lipbrg's   Annal.  liv.    186): — When 

jn  is  heated  to  bright  redness  iu  the  vapotir  of  eidphur,  com- 

nnaliun  heCweeii  the  two  clcmcnU  takes  place,  and  bisuljiliide  of 

rbou  (CjSJ  i*  formed.      "When  hiKutphide  of  carbon  is  digested 

Ktenil  days  willi  u(|UJi  rc^iu,  a.  wliilu  volatile  cryalallinc  cona- 

poaod    ia  obta!iie<l,   which   is   iu^iolublo  in  water,  but  sobible  in 

klcabol  and  in  ctbtr :  it  melts  ot  275°,  and  at  538"  it  enters  into 
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ebullition  :  it  has  t  pccaliar  odour  wWch  bring*  team  into  tlie  i 
and  ita  mpour  has  a  sp.  gr.  of  7'43-  '^iii^  Kubstaace,  diMMiT 
hj  BcrxL'tiu*  nnil  ^farcet,  has  the  composition  rejircflcntcd  hjf 
fommk  C.CI.Sp.  [  =  2  (Ci,CI,S,0^)  ],  and  U  termed  by 
sutphitr  of  pcrc&loride  0/  carbon,  AVhcn  this  compound  is 
mitted  ia  vapour  througli  a  porcelain  tube  at  a  dull  red  lic^t, 
decomposed  into  the  hquid  protoclilaridc  of  carboit  (C\C1,). 
phurous  acid,  and  ftcc  chlorine  : — 

(C,CI,SPg)  =  C^CI^  +  2  CI,  +  a  S,0,. 

If  tlie  protochloride  of  carbon  tbua  obtained  be  placed  beneath] 
layer  of  water,  antl  cxpowd  to  the  sunV  rays  in   a  hirije 
filled  with  chlorine  ^k,  seaquichloride  of  Cftrbon  (C,C1^  is  fo 
ahundfltillj,  and  at   the  same  time  au  acid  solutioo  is  obtain 
which,  after  saturatioa  with  lime  or  with  some  other  biutr,  in  foo 
to  ouiitain  n  chloride  and  a  trichloracctatc  of  Uic  base  ;  if  hine 
U9e<l,  the  formula  of  the  wilt  ia  CaO,  C^CljO,.     Kolbc  atirih 
it«  production  to  the  reaction  of  water  upon  sc^quiehl 
earhoii  at  the  nioment  of  it»  furnintioti,  afi  shown  by  the  foUov 
equation : — 

TriglilorMitfe 


C.Cl^i  +  aHjO,  =  I10,C\Cl,0,+3  HCl. 

Now  if  trichloracetic  acid  be  trcatt-d  nitb  an  excess  of ; 
Aiiiui  ill  the  form  of  an  amalgam,  tlic  chlorine  \&  cutircly 
dmn-ii  from  this  compound,  aiwl  its  pltiee  i».Mip]ilied  by  liji 
in  otlicr  words,  it  is  converted  into  acetic  acid : — 

HO,C,C^3+3  Ka+a  H,Oj«K07c,Hp,+3  KCl  +  a  (KO,H( 

Thus  a  complex  organic  acid  iiiobtaineil  from  inorganic  matcnaii; 
the  Bocccsuve  steps  of  the  opcratioa  being  1.  bisulphide  of 
bon;    3.  mlphite  of  pcrchloridc  of  corhoo;    3.  protoclJoride] 
carbon;  4.  trichloracetic  aeid  ;  and  5.  acetic  acid. 

llie  earliest  and  one  of  the  most  rcmurkiihlc  inBtoooca  off 
i^tbetic  formation  of  an  ot^nic  eooipouud  was  affordod  itt' 
case  of  urcn,  whidi  liVtihlrr  di^coveret)  might  bearlHi' 
by  the  action  of  cyanic  acid  on  ommonuii  for  ou  ,_ 
wmporate  a  solution  of  cyanatc  of  ammonia,  this  salt  uad 
iaomerlc  traneformation,  and  yields  urea: — 


STNTUUIS   or   OROANIC   COMrOL'NDS.  "1 

It  lus  been  welL  remarked  by  B«rthelat  {CMmie  Organique 
^femUrgttr  (a  Synihfse,  Vol.  T.  p.  133),  "  lii  order  to  nocomplish 
tke  reproduction  of  a  iiatunJi  coinpouDtl,  it  is  often  necessar}'  to 
aji  CDtire  edifice  founded  ujioii  the  formatioa  uf  artificial 
IncU.  The  examiuation  of  these  euables  va  to  ascertain  the 
[leocral  tnvs  whicli  regnUtc  the  compobitioa  of  compouuds  pre- 
aented  by  uature,  and  the  metliod  by  whicii  their  study,  wbctbcr 
■tulyticaJ,  or  syuthetical,  may  be  followt'd  with  some  bopf!  of  a 
Bocccasful  result."  No  experimenter  bas  laboured  so  aucceesfiiDy 
ia  tbis  field  »  the  emiitetit  chemist  juitt  qitott^tl,  who  ban  indeed 
MtaUished  new  modcH  of  iuTCstigatiou  by  his  researches.  Among 
tnany  remarkable  discoveries  which  he  has  made  in  this  direetioo, 
i«  tlie  rDelho<l  of  obtaining  formic  acid  synthetically  1>y  combiniDg 
cubouio  aside  vith  hydrate  of  potash  (i  104] : — 

Ftirmi*rA  at  po(**h> 

CjOj  +  KO.HO  =  KO/^jFlO^ 

He  has  likewise  obtaiued  olefiitit  ^asby  the  reaction  of  copper 
rand  sulphuretted  hydrogen  upon  bisulphide  of  carbon  ;  and  from 
olefiant  gas  he  has  procured  alcohol.  Tlifi  aamc  chemist  tiiut  also, 
coDJointly  with  De  Locs^  oauvert«d  th»  hydrocarbon  trityleuo  into 
glrccriti,  and  he  lias  further  sliova  that  glycerin  may  be  trans* 
formed  into  one  variety  uf  sugar. 

Streckcr  has  likoniive  succeeded  in  obtniuing  tauriii  by  srn- 
tlieiis,  aiu]  there  can  be  no  doubt  that  as  researches  in  this  dircctiou 
MP  multiplied,  new  methods  of  preparing  bodies  as  yet  obtainable 
ontl  from  tlie  products  of  the  living  plant  or  animal,  will  bet 
deviacd. 


CUAPTEK  II. 


TUE  SACCHABINB  OR   AMVUCEOffi   QROCr. — ViBIETIES   OF 
rESUEM'iTlOJf. 

(931)  Thb  compounds  which  belong  to  tJie  group  to  which  the 
Ulo wing  chapter  is  raaiuly  devoted,  arc  among  the  most  important 
aftd  ahunilaut  coQstitncntt  of  plants.  One  of  the  most  remarkable 
fatnrea  uf  their  chemical  compusitioii  is  the  circumstance  that  they 

'iB  OOOlaiii  u&ygcii  aiid  hydrogen  exactly  in  tlic  proportions  rcqui- 
•ila  to  Ibrcn  water,  and  hence  they  have  by  some  writers  been 

'ifskaa  of  *«  h^dratea  of  carbon.     This  terra,  liovcvcr,  is  by  no 
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iDeaus  ititentled  to  sifnitlr  that  all  tbc  bydrogen  Kod  oxt-geo : 
in  tticm  uuitotl  in  the  form  of  natcr,  but  merely  to  tnilioutc 
the  ])iM[>ortioit  of  tlinir  o()iii|>oncntM  U  ouclt  aa  mr^ht  admit 
olcincnt«  beiu^  »o  arranged.     Owing  to  this  |icciili»nt^  of 
sitioa,  many  of  tfaoe  bodies  sdinitof  Iidng  readily  trntufonnc 
into  the  other  by  the  luldition  or  ah»[raotioa  of  the  rU-mc 
water,  aud  several  of  thflni  are  wpecinliy  prone  to  unt 
changes  prodnccd  by  fertiieutMttons  of  Tariotu  kimls.      In  the  . 
9«tic«  of  dehydrating  agt-nts,  tlicsiignr*,  ligiiiii,  aiid  many 
this  clasa  yield  humus-liWc  |troducts.      When   auhtoittcd 
tion  by  the  action  of  nitric  acid,  most  of  them  yield  oxalic : 
aud  under  tfae  inilucnrc  of  a  tniiturc  of  conceutraicd  uitrici 
sulplmrie  aciiU,  xiibslilittion  compounds  are  obtained,  in  vl 
portion  of  their  hydrogen  is  displaced  by  peroxide  of  nit 
Tbc  inoflt  remarliablc  of  Ibcso  aubstitution  ootnpounds  is  pyi 
(gint-cotton),  the  peculiar  iufliimmabUity  ami  cxjilo^iie  chc 
of  whioli  is  well  knotrii ;  but  all  of  the  aitrous  subotitutioii 
dncta  of  thifl  claAa  partake  more  or  less  of  the  inHammabtoj 
esphisive  pm|Kniie»  whlfh  nre  "O  Ki|pially  cxhihiled  hy  pyroaj 

The  researches  of  Bcrtholot  havo  rendered  it  probable  tba 
augani,  aa  well  as  mannite  and  the  bodies  allied  to  it,  arc 
atomic  alcobolH    like  gtyocrin  (ic'>7),  for  be  has  found  that 
poMess  the  poirer  of  entering  into  combination  with  i'ariou* 
with  eliniiiiatiou  of  water,  ia  some  cases  yielding  peculiur 
gatfil  acitU,  analogous  to  tbc  tannic,  and,  in  others,  fur 
neutral  IxkUck  dosely  allied  to  ibe  futn. 

in  tbc  presecit  cbapter  the  comixmuda  mentioned  in  thei 
ing  table  will  he  described.    In  a  few  of  the  subxtaiices  euur 
in  the  lower  part  of  the  tidde,  tlie  proportion  of  oxygon  iit 
gen  dificn<  from  tliat  of  tb«  wigam  and  xtarchea. 

AiHtflactQUB  and  suechanne  prvup.* 
Caoo  BUgnr  (sucrose)     .  .  .     C,,H,,0, 


Hycoee 

TrebaloM  . 

Melciutoac .  . 

Fruit  sugar  (fnicto«e) 
Starcl)  aitfrar  (glticoae) 
Milk  s^^r  (lactose) 


C„n,.0„4.aAqi 
C,.H„0„+aAq 

C,jU„0„+jrAq 

r„ii,,o,, 

Cull„0„+«Alll 
Cj,H„0„+5A(|. 


"  Prrnr  rSf-ni: 


'.■  the  firmtrio"  nfi 


■i.t' 


liiLjilo  Ante  I'jtuiitlj  ^iivuai  Uait'. 


':  Ikii  ULI-. 


THE 

SUdABS. 

Mditou     . 

C«H„0„  +  4Aq 

Encalyn     . 

C„H„0i,  +  3Aq 

Sorbin 

CiaH^Oia 

iDOsin  (inosite) 

CijH„0„+4Aq 

Starch  (amidin) 

C„HmOjo 

Dextrin 

CiaHipOjo 

Inolin        . 

Cs+HaiOi,, 

Gum  (sTabin) 

^a^iiOn 

fiasBorin  (tragacanth)    . 

*^ia*^  10*^10 

Cellnlin  (cellulose) 

^sflHsoOso 

Manoite     . 

CijH,^0,j 

Dulcite  (dulcose) 

CjsHuOjj 

Piuite 

CijHijOm 

Erythromanuite  . 

CuHigOjj 

Querclte     . 

CjJjHjjOjg 

Glycyrrhizin 

'^isHsoOia 

Pectin 

• 

CfliH«0^  +  8Aq 
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Certain  only  of  these  substances  are  soluble  in  cold  water,  such 
istlie  sugars  and  the  gums.  Others,  like  starch,  become  dissolved 
ill  water  by  the  aid  of  heat,  or  rather  become  diffused  through  the 
liquid,  though  the  solution  is  of  a  very  imperfect  character  ;  whilst 
a  tl(ird  variety,  celluliii  or  ligneous  fibre,  is  quite  insoluble  in  water, 
»!iethcr  hot  or  cold. 


§  I.  The  Sugars. 

{932)  Several  varieties  of  sugar  are  known  to  the  chemist; 
but  they  may  all  be  referred  to  three  principal  forms,  viz.,  cane 
sugar  or  sucrose,  grape  sugar  or  glucose,  and  milk  sugar  or  lactose, 
The  most  important  of  these  is  the  common  sugar,  furnished  by  the 
sH^'arcane,  hence  termed  cane  SK^'ar, related  to  which  are  some  others 
of  small  importance,  viz.,  trehalose,  melezitose,  and  melitose. 
The  second  variety  constitutes  the  hard  granular  sweet  masses 
common  in  old  dried  fruits,  such  as  raisins,  figs,  &c,,  when  it  is 
known  as  ffrape  or  starch  sugar,  the  latter  name  being  derived 
from  a  method  of  preparing  it  artificially  by  boiling  starch  with  a 
dilate  acid.  The  third  variety  is  that  to  which  milk  owes  its 
sweetness  :  it  has  never  been  met  with  excepting  in  the  milk  of 
aDJinals,  and  hence  it  is  termed  mUk  svgar. 

These  different  varieties  of  sugar  agree  in  possessing  a  power- 
fully Bwcet  taste.     Each,  when  pure,  has  always  a  definite  degree 
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of  Bwcctnc**,  "but  tlicrc  are  g«»t  differences  in  the  relative  awe 
nesa  of  the  diflVmit  varieties.  A  pound  of  cane  sugar, 
examijlv,  will  produce  »  greater  sweeteiiinR  effect  tliau  a  pound  of 
fruit  or  inverted  sugar ;  aud  at  least  two  pounds  and  a  lialf  at 
starch  sugar  arc  required  to  iirodace  a  awcelcniiig  effect  equal  to 
tbut  of  one  pound  of  the  tmiie  sugar  ;  while  a  givcu  weight  of  tbo 
BUgar  From  milk  poascssen  less  sweeteuing  power  tlinn  an  etjL 
quantity  of  ^tarcli  sugar. 

Thcac  varieties  of  sugar  [ItfTcr  greatly  in  citcmnl  appearane 
as  well  as  in  chemical  characters  ;  and  they  nlsa  differ  in  eheraic 
conipofiitiou.     If  quuiititics  of  the  different  kinds  of  sugar  whie 
contain  equal  amounts  of  carbon  he  compared  together,  it  will 
found  that  tliey  differ  in  the  projiortJon  in  wLicli  the  elements 
water  are  present.     Comparing  together  quantities  of  sugar  wliifi 
contain  iz  atoms  of  carbon,  the  proportion  of  water  in  each  varic 
will  be  as  follows ; — 


Tiuiait^r^vjint, 

Fr}fn«ilK. 

CtrK.D, 

WsldT. 

C«ne  Sugar      .     . 
Inrcrti'd  Sufrar    . 
Staroh  Sugar  .    . 
Uilk  Sugar      .     . 

<;..-««"..+>  Aq 

7* 

7' 
7J 

7' 

totl 
io8 

There  are  few  plants  from  which  sugar  is  absent,  and  to  wbici 
nt  noine   period  of  their  growth  it   does   not  form  an  impor 
article  of  nutriment. 


(933)   '•  Cane    Sitoab    or   Sucrotc    (C,3H,jOj,=  171).— "] 
variety  of  KUgar  i*  chieily  obtmned  from  the  sugar  cane;  but  tl 
sugar  maple  and  the  beetroot  furnish  a  cousidcrabte  quantity  foj 
the  market;  it  is  also  contained  in  carrots  and  turnips,  as  wcU 
in  the  pumpkin,  the  chebtnut,  the  youn;;  shoots  of  the  raoixe,  tl 
ripe  sorgho  grass,  anil  in  a  large  number  of  tropical  fruits. 

Properties. — Cane  sugar  has  a  sp.  gr.  of  1  ■6.     It  is  soluble  i^ 
about  oue  third  of  its  weight  of  cold  natter,  producing  tliv  tbic 
Tiscid  liquid  known  as  syrup.     It  is  also  somewhat  soluble 
alcohol,  especially  when  licated  with  thin  liquid.     Jty  the  ft]: 
taucouH  cvajioratiou  of  tts  stpivous  »ohition,  it  ■!«  depoKitcd  in  lar 
four-sided  oblique  rfaomboidal  prisma,  whiuh  are  often  bcmihedr 
and  are  lerroinatcil  by  dihedral  summits:  these  crj'stals  conslitu( 
eugar  candy,  which  is  colourless  or  brown  uccunling  aa  the 
employed  is  more  or  lesw  free  from  colour.     Ordinary  loaf  sug 
oooaiata  of  a  congeries  of  minute  transparent  crystals,  and 


«tWH  -»»  ntAT   OK   «o«. 


''  lar^  proportion  of  formic  and 
'•-  aaUiV  iulu  coniljjiiatiou 


■'  .<ugar. — Concentrated 

•  •■■*  cane  siignr.      If  equal 

I   ))e  mixed,  much  heat  b 

csi-bouic  and  formic  acids, 

jtiUiiiting  ulniic  acid  it  left. 

ilijccd  by  some  of  tlie  metallic 

'  <)  to  take  ndv&ntiLgc  of  tbiB  for 

'   |iiaiititie«  of  aiigar  when  in  solii- 

"  uc  to  be  dipped  iuto  a  soluiioa  of 

■vniiiijr  of  water,  and  dried  at  a  1 3* : 

I  ;<  diigiir  b<*  placfid  on  a  «lij)  ao 

*  browo  or  black  stain  will  be  formed ! 

«i"«l  with  glucoec.     Dry  cb)oriue  like* 

'  'nperatiireof  212",  nnd  produce  a  Hiniilnr 

»  only  partially  soluble  in  water.     Nitrin 

xmvcrbs  sugar  into  saccUaric  acid  (944), 

'i-c  acid;  but   if  tlic  nitric  iiciil  tiu  more 

I  Kid  IN  formed. 

'  '      -  ^11  importiiiit  cbangc  under  tlie  influetif^c 
'    i-Ji  ciuios  it  to  cxjR^i'icDL'c  the  alcoholio 
I :  )l  fint  atairnilntcs  the  elements  of  water,  and  is  then 
Eiflin  carbonu^  acid  and  alooliol  (9*5^).      lu  contact  with 
tin  and  chalk,  lactic  fermentation  is  indncnl  in  t>ugar, 
[kniis  lactic  aiuid  (969)  ;  under  other  circum»taiicce, 
uu;;ldT  invi'iti^tvd,  »iig&t  uiuli'r<;oei(  Ibc  viscoiDi 
,  uid  IwconiL-i)  cliiiiigcd  into  a  mucilaginous  subatauct, 
tlbBca  into  mnnuito  (945). 

uf  lint!  on  Suyar. — At  a  temiierutiirc  of  about 

ODder^DCft  fusion,  and  on  cooling,  Ibruis  the  tritiix- 

r-coloured  solid,  sold  by  Uie  ooiifi>cHoners  m  barley 

lig  kept  ill  this  form  it  losea  its  iruoBpiircncy,  and 

B»oiicrytt.illii[v-d.      TliI*  cimngc  may  he  rccardcd,  but 

prorcntcd,  fay  adding  a  small  proportion  of  vinegar 

r.     Thin    alteration  in  structure  is   strictly 

I  •irtuo  of  nhicb  the  tough,  trauBpajcut  Taricty 

reanmca  iU  erjrstalliDC   Mtatc.      It   ha«  been  ol^icrvcd 

an  ei'olntinii  of  heat  occurji  during  the 

lU  the  \itrcous  to  the  cry8|.illiuc  coiidi- 

iitlicr  tntcmling  point  of  rc»cmbhincc  between    thcBCri 

rrtena  is  ptcwnted  ia.  the  rcDiarknble  didicreuce  between^ 
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manner,  diasolved  by  sytxtp  to  a  lai^  eittent ;  the  compound 
{C«0,C,iII„0,] ;  Pi!Ugot)  is  that  which  is  produc«l  iu  cold  mode- 
T&tely  dilute  solution*;  it  li»  abitt«rixh  tmitc,  uhI  is  vcrj' sohible  in 
cold  rater.  Its  solution,  however,  ir  tolerably  coiictntriited..  liecomei 
opuquc  whcD  licnted,  and  prewntt  an  apiKanuioe  of  cougulatioii, 
iCHCtuhling  that  of  white  of  e{;g;  lUid  a  dc|>o»it  occui's  on  boiling, 
nbicb  may  even  be  washed  ntth  boiling  water,  though  it  is  readily 
rcdis&oli'cd  by  the  mother  liquor  on  cooling.  If  this  precipitate  b« 
filtereil  from  the  boiling  solution  it  in  fotiiid  to  cuiiiaiu  ^CaO* 
C„U„0„,  and  \»  nearly  insoluble  both  iu  cuUl  and  hut  water, 
titough  freely  soluble  iii  ould  syrup.  Baryta  also  forniR  a  ^olulilc 
compouod  with  &ugar  (CaO,CjnII„0,,).*  11k-  cotn^jouiidii  produced 
with  other  hme»  are  sparingly  siolnble  in  water,  but  are  readily 
taken  up  by  alkaline  liquitU.  This  fact  cxp)aiii»  au  ob«ervRti4ii 
that  the  priMeace  of  sugar  [ireTcnts  the  precipitation  by  alkalic*,  of 
many  metallic  oxides  from  their  salts, — the  oxidei  of  copper  &ai 
of  iron  being  amongst  the  number  thus  retained  in  solutioo. 
Many  metallic  o&idcs  cxperieiKo  rodncliuii,  either  partial  or  com- 
plete, wlirn  boiled  wilh  sugar;  if  the  chruuiates,  fur  iuhtaoce,  be 
mingled  with  a  little  free  acid,  and  hented  with  a  solution  of 
angar,  the  cliromic  aeid  is  rodnciMl  to  the  Btwiuioside  of  chro- 
mium, witich  is  diMiolved  by  tbo  exceM  of  acid,  whilst  the  liqtiid 
becomeii  green.  Salts  of  the  red  osidc  of  mercury  are  converted 
into  those  of  the  suboaide,  nnd  saltn  of  gold  give  a  precipitate  of  ttrt 
reduced  metal  in  fine  powder.  ThU  reducing  action  is  alao  poe* 
Eesscd,  though  to  a  less  extent,  by  other  componnds  analogous  to 
sugar. 

If  sugar  be  mixed  with  8  times  its  weight  of  ^uick-lime,  and 
distilled  in  an  earthenware  retort,  it  is  decomposed,  and  amongst 
the  products  of  the  disiillation  are  a  mixture  of  acetone  (Cttl^OJ, 
and  metacctonr  (C^Uf^O)^.  The  latler  is  an  oily  liquid,  which  does  not 
mix  with  water,  but  is  soluble  in  uleobol  and  iu  ether ;  by  washing 
the  distilled  liquid  with  water,  the  acetone  may,  tlu^reforc,  Im>  re- 
moved, whilst  the  mctacetonc  is  left.  Metaectonc  boils  at  1S3' 
F.  (Frcmy).  When  trented  with  a  mixture  of  bichromate  of  potaah 
nnd  sulplinric  acid  it  undergoes  oxidation,  and  is  coDverlcd  into 
propionic  arid  (IlOiC^IIjOj;  1113).  If  sugar  be  treated  with 
tlu-ec  time*  its  weight  of  hydrntc  of  potash,  instead  of  with  quick* 


•  Dubrunfnat  snd  Pfligot  have  token  itilruitAi;e  of  liii*  insoIubililT  of 
thf«c (\>nip4Hln<l«  in  boiling  n&ttr,  U>«upi)rjt«ct'ystall!ul>lr  lUgorfrom  treaclfr. 
P£li(;ot  ban  obtained  imc  fourth  of  it<  wficht  from  couunoa  Irvai-U.  bjr  Oit* 
solving  ihe  precipitated  sncrate  of  lime  in  water,  and  separaltug  the  lime  by 
means  of  a  curroat  of  mrboaic  a<id. 
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;  prapiooic  nciil,  mixccl  witli  a  lai^e  proportion  of  formic  and 
tic  acids,  is  formed,  ami  the  tbrec  acids  cutur  Into  combiuation 
b  the  potBsb. 

(9.15)  Oth<r  modes  of  decomposition  of  Sugar. — Couccutrotcd 
ihnric  Kcid  rapidly  chars  and  destroys  cano  sngar.  If  equal 
mes  of  strong  «ynip  and  oil  of  vitriol  be  mixed,  mucli  heat  is 
Ived,  tlie  maiM  frottts  up  aiul  emits  carlxmiu  and  formic  atndii, 
1st  ft  black  carbonaceous  residue  containing  ulmic  acid  is  left, 
itaibtr  l)lacVt«ning  effect  i*  produciid  by  some  of  the  metallic 
Diides ;  Maumciie  lias  propust-d  tu  ttike  udrantage  of  this  for 
purpose  of  discoTcriog  small  quantities  of  sugar  vbeii  iu  solu- 
; — Stripn  of  white  rnvriiio  nre  to  liiC  iii[i[iccl  into  n  solution  of 
doridf  of  till  in  an  equal  quaulity  of  uater,  and  dried  at  211'': 
drop  of  any  liquid  cunCaining  sugar  be  placed  on  a  slip  ao 
pared,  and  gently  bcotnl,  s  browu  or  btuck  stnlo  will  \jc  fonncd  : 
imilar  result  is  abu  obtuiued  with  glucose.  Dry  eblorine  like- 
e  attadu  Biigar  at  a  temperature  of  2ia°,  and  produces  a  similar 
nil  i^ubslancc,  wbich  is  only  partially  soluble  in  ivatcr.  Nitric 
d,  of  ap.  gr.  of  t'25,  conrcrts  augar  into  ^acchnrio  ncid  (944), 
tb  evolatiun  of  carbouic  acid;  but  if  the  nitric  ncid  be  more 
ocetitrtkted,  oxalic  avid  i^t  formed. 
CiDCbugar  undergoes  an  important  change  under  tbe  iuflacuce 
the  ycut  of  beer,  wtiieli  c.iu»»  it  to  ex|H!ri(!noe  the  alcoholic 
meutatiou  ;  it  lir»t  a3)iiuiliitt.-i  the  c!cmciitt>  of  water,  and  is  then 
ipoecKl  into  earbgnic  acid  and  alcohol  {955).  In  ooiitnct  with 
ing  cawin  and  chalk,  lactic  fermentation  is  induced  in  ftugar, 
product  beiiig  lactic  :ieid  (969) ;  under  otber  circuiu^taitco^, 
sa  yet  thornughly  iavestigated,  sugar  undergoes  the  viacotis 
leotatioD.  and  becomes  ebangcd  into  n  mucilaginous  subst&occ, 
mi'titncs  iuta  maniiitc  (945). 

ft)   Aelion  of  Ihat  on  Sugar. — At  a  temperature  of  about 

1^  P.,  sucrose  nndcTgo«»  fusion,  and  on  cooling,  forms  the  trima* 

It  aJnber.<7olourcd  solid,  sold  by  the  confectioners  as  liarkif 

If  long  kept  iu  this  form  it  loses  its  t  rati  spare  tioy,  aud 

Uiilly  becomes  crystallized.     This  change  may  be  retarded,  but 

■Itogctber  prcveiilnl,  by  .-idding  a  small  proportion  of  vinegar 

the    melted    •ujjar.     Tliin    alterution  in  structure  la    strictly 

igDti*  to  thai  in  virtue  of  nbich  the  tough,  trausparcut  variety 

•olpliur  re«umea  it«  cryatalbnc  state.     It  has  bncn  observed 

both  these  cases  nu  cvolniion  of  heat  occurt  duriug  the 

of  the  bodies  from  the  vitreous  to  the  cryataUiuc  cotidi- 

Another  interesting  point  of  resemblance  bctwecu    these 

{^teuotnoiia  iit  presented  iu  the  tcuiarka,ble  dilTurciicc  between 
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the  melting  points  lioth  of  cry»ta1)izcd  and  ritrcoos  sul|ihur, 
of  crystallized  sugar  and  barley  9iig^.     Tbe  letter  becomes  liq^ij 
ficd  between  194°  and  zi2°,  while  loaf  sugar  doca  not  melt 
3^0°.     According  to  GcHs,   when  sugar  vtiicli    tins  thus 
melted  t»  dissolved  iu  voter  it  ftiruiahcs  ft  iolutioD  vrhicli  irhl 
fermented  willi  yeast  yields  only  half  tlic  quantity  of  alcohol  tb 
ordinary  sugar  would  have  produced,  a  peculiar  body  to  which '. 
gires  the  name  of  aaccfiaride  (C„HmO,g)  remaiuiug  iu  eolut 
It  exerts  ft  slight  rotatory  power  to  the  right  upoa  a  beam 
potainzcd  light. 

A  Koluttou  of  CAiic  sugar  exerts  n  ri^htdiandod  rotation  upon 
ray  of  polarized  light  (120) ;  but  sugar  which  has  long  Iiecn  kfl 
in  a  melted  state,  when  rcdi<t8olved  in  viulcr  has  loet  its  potror 
crystallizing,  and  no  lunger  exerts  any  rotatory  action  on  the  pc 
rized  ray-  Soubeiran  also  obnervccl  that  nheu  a  nolutinn  of  ku 
is  long  exposed  to  an  elevated  temperature,  even  when  air  is 
eluded,  it  undergoes  a  raoleeular  change ;  the  liquid  bccomea  broi 
and  grndiially  acijuircs  a  Icfl-hatidcil  rotatory  uctioii  u)}on  tbe 
The  niniplo  boilitig  of  cane  sugar  with  walCfj  if  long  ooniiui: 
caQsc»  the  sucrose  to  combine  gradually  with  the  elements  of  wat 
aud  it  thus  becomes  converted  into  »titrcb  sugar.  Ibis  change  1 
elTected  much  more  rapidiv  in  the  jircaeuce  of  chloride  of  ami 
nium,  or  of  any  of  the  chlorides  of  the  uiclats  of  the  earths, 
as  elitoridc  of  calcium. 

If  the  upplicuttMii  of  heat  to  the  m^tctl  »ugnr  l>e  contim 
and    it  be    gradually  raised    to   400°    or  420°,  eacb    moleci 
(C,,ll,,0,,)  of  &iigar  lo»»  2  Aq,  and  a  brono  deliquescent 
nearly   tasteless     masit    remuioH,     whieh    is    knon'n    as    cara 
(C„H,0„).     This  body  ia  often  used  by  cooks  and  confectior 
as  a  colouring  matter.     Caramel  is  soluble  in  water,  aud  is 
cipitated  from  its  eolutiou  a«  a  brown   powder,  by  adding  a  la 
cxceHJt  of  alcohol.      It  is  not  auweptible  of  fcrniciitation  with  yc 
Caramel  forms  an    insoluble  compound  with  baryta;  aud  if 
aolution  be  mixed  with  one  of  the  basic  acetate  of  lead,  a  precii 
tatc  i»  formed.      If  sugar  or  caramel  he  heated  beyond  420*, 
flammable  gasca  esrapc,  and  the  eompotuid  is  completely  deeoi 
posed,  leaving  a  porous  brilliant  masa  of  charcoal. 


(V37}  2.  Fhpit  Suoar  (C,jH,,jOjj). — This  was  formerly  ai 
posed  to  be  a  distinct  variety  of  sugar;  but  the  reM-arche»of  Buiga 
have  (ihown  that    many  ripe  acidulous   fruits   contain   eane   »ii 
mixed  with  a  variable  proportion  of  inverted  sngar.     There  is 
Taricty  to  which  the  term  of  fruit  sugar  is  ciclnaively  applical 


IKVKRTKO    »UGAR— nXArS  OR   STARCH    StTOAR. 
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Wti^ar  Uu  received  tbb  appdlntion  fram  its  inverted 

m  pularixcd   light,  whtcb  tlistingtilabc*  it  frotn  aucrose ; 

to  \k  |vm(nir»hlc  011I5  finjni  aiicrow,  by  the  action  rithor 

orora  peculiar  albuiniiiauit  ft-nnetit,  prcseot  in  the  juica 

j^eniag  fruits. 

nei  mgar  is  uot  cryittilliznble ;  it  i»  soluble  in  alcoliol  oFi 
it.  If  a  aolalioD  of  j  jiarts  of  tliii  sugar  in  50  of  water ' 
intinutti^ly  vitb  3  parts  of  slaked  lime,  tli«  solution, 
fli  fint  yerj  liquid,  becomes  puty  :  on  stmiuiii;;  it  througli 
il  dprctsing  the  fluid  portion,  the  sugar  is  separated  itito' 
ponions  of  diScrcnt  properties.  Oue  of  these  varivti<» 
Va  (olutioti,  iiiid  exerts  a  right-biindi'^l  rotation  ujmn  a 
polarized  li^ht,  on  may  be  ascfrtaiued  by  removing  tlie 
icwi*  of  oxnlic  Bcid ;  whiUt  the  otbcr,  wkicb  remaJtiR] 
vitli  the  lime,  exerts  a  Icn-hondcd  rotation,  And  may  bs 
isoDer  teparaled  from  the  lime  hy  suspending  the  com- 
ma' and  decomposing  it  by  means  of  oxalic  acid. 
(ormB  of  sugar  arc  rcganlcd  as  madificatioD^  of  gluctMe. 
Rltr  of  fruits  under  tiie  intliience  of  diluted  ncids  becomes 
with  an  additioaa)  quantity  of  nnter,  aiKl  by  coutiuucd 
acid  liqnid  the  sugar  gmduaUy  pasacs  into  the  form 
Wbcii  its  aolutioD,  nfter  the  neutralization  of  tho 
te  of  baryta,  is  cmporatcd,  the  grajw  sugur  ia  oV 
[thc  form  of  cryntalft.  This  passage  of  the  sugar  In  fruits 
sugar  sometimes  takes  place  spoelaneously,  as  is  seen 
nal  crystallisation  of  the  sugar  in  dried  fruits.  'l*he 
in  houry  liy  long  keeping  also  u»dcrgoe?i  n  9t|Kin- 
into  a  utoss  composed  chiefly  of  ciyitalline  grains 
w. 


3.  Qrafk  ou  StAKca  SuoiR;    Ciucwe,*  (C,jHl,0^  + 

)+j8}. — Prrparalion. — Starch    sugar  is  prepared  upon 

ibleamleby  allnving  a  mixture  of  starch,  witli  a  sniftcieiit 

water  to  render  it  liquid,  to  flow  gradually  nt  a  tcm- 

bf  «bout  130%  into  a  vat  containing  water  acidulated  with 

of  solpbune  acid ;  this  liquor  i«  kept  constantly  at  the 

It,  by  which  mciins  the  starch  is  at  uace  altered  so  as 

doee  R  mucilige.     The  liquid,  after  all  the  starch  has 

■•h^n-imeor^/uroo*  MTcrnl  diitiDct  niocliTicaliotia  ofsuKiirliaTe 
-n  iugar.  aaamtalUublo  diabtHie  sugar,  ind 
frrmt  mitlt.  mollified  mnc  tUKta,  niid  t)io  taodU 
'-vadd*;  bwl  Own  Tiixlw*,   thoiigb   elosi-ly 
;  <  r<.iii:«a  in  tlic-ir  niotccular  atrucluro,  a*  may 
:  iiAicrc  nx-B  in  uttolTocta  prodtucd  by  Ibem on poloritcd liglii. 
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been  added,  is  maintained  in  b  state  of  ebullition  for  abont  half  an 
boar,  nt  tlic  end  of  wliicli  time  tbc  »t«rcb  is  u»njJlf  com^ilvtcl/ 
conrcrlcd  iuto  STigar.  The  proportion  of  etarch  used  amounts  to 
ouc  half  of  tho  vcight  of  the  water  employed.  Tlie  litjuij  is 
dravn  ofT,  iiiid  the  acid  u  ncutrnltzcxl  by  adding  cbalk  in  small 
(litiintitiea  at  a  timf^,  until  it  ccabp'S  to  noeaston  any  etrervescet>oej 
the  precipitate  is  allowed  to  !>ubftide,itnd  the  clear  solution  in  tun* 
ceiitratt^  by  evaporation  until  it  tteqiiircs  a  density  of  i'a$.  U 
i»  drawn  oiV  from  the  dc{K»it«d  sutiiliatc  of  lime,  aAer  which  it  n 
set  aside  for  oome  days  to  crvfttallizti.  The  molaiocs  is  allont'd 
to  drain  off,  and  the  sugar  is  dried  at  a  gentle  heat  ia  a  cura'ut 
of  nir,  ^M 

The  formula  usually  aiKigiied  to  starch  it  C,,H^O^g,an(]  nmH 
tliat  of  ttnrch  sugar  may  be  repreMiited  as  (Ci,H„0,J,  the  coo- 
versioD  of  starch  into  sii^iir  m»y  be  rcgiirtlcd  in  the  light  of  a  mors 
combination  of  starch  with  the  elements  of  vater. 

Starch  is  also  coiivortcd  )>artially  iuto  a  fermcDtable  sugar  re- 
sembling gUiC(K>L',  by  the  action  of  diastase  (947)- 

A  similarconvcrsion  of  ligneous  fibre  into  this  fonii  of  sugar  may 
be  eflectcd  under  the  ioflueuce  of  acid&,  but  in  this  case  the  acid  b 
employed  in  a  more  concentrated  form  ;  2  parts  of  clctin  linen  or 
calico  cut  into  slircd*,  arc  added  gradunlly  to  3  part*  of  oil  of 
ritriol,  and  allowed  to  stand  for  34  hount.  The  mixture  is  afYer> 
wards  diluted  largily  with  water,  and  boiled  for  a  few  hours.  Tim 
acid  may  then  be  neutralized  by  the  addition  of  cbalk,  or,  what  is 
better,  of  cnrhnnate  ofbaryta,  and  tbc  sugar  can  altcrwiirds  be  ecpst- 
nitcd  from  tbc  insoluble  tiiil|ibat«  of  lime,  or  sulphate  of  bary 

True  gliicofic  is  abo   produced  fi-om  cane  sugar  by  prol 
boiling  uith  diluted  ncidti,  as  well  as  from  trehalose  and  inolczit 
when  siniilorty  treated.     It  ia  ulsu  furnished  by  amygdaJin,  aalii 
pbloridxiii,  and  other  glucosidcs  (1^02]  when  dcconipo*ed  by 
Chitin,  or  the  homy  covering  of  beetles  and  other  insecta, 
yields  it  when  treated  with  dilute  acids. 

Glucofe  appears  to  be  the  form  of  »ngar  nliicb  i»  occasion: 
met  with  as  a  morbid  constitnent  of  the  uriuc  in  cases  of  dinbi 
It  has  been  shown  hy  Itcmnrd  to  be  rapidly  \iv  iueed  from  one 
tlio  normal  constituents  of  the  liver,  and  iLc  kiu)c  physiologist 
remarked,  that  by  irritating  with  a  ueetlh    thu  fnurth  ventricle 
the  bi-ain  in  a  dog  or  a  rabbit,  ingxc  ia  devt:Ii>;x^^d  ia  tbe  blood 
iu  the  urine,  after  a  few  minutes. 

Propvriica. — Gm[)e  sugar  i»  di»tingui»l>Ml  (mm  cnne  sugar 
sereral  characters  ;  it  crystallizes  with  diClci'ltr  la  warty  eon 
tious,  compoeed  of  hard  trausparcut  cub<-?<.      It  is  cou&id 


^H        ciuFB  sraAR.— z^riUATio^  or  suoin.  8t 

PBk  in  Hater  than  cane  sugar,  ttioogh  it  is  more  rcaclil^- 
p  up  by  ftlcolx}],  anil  ciyetalliics  from  a  liot  ftolutiuo  of  iJcobo) 
nnoy  not  mure  than  5  per  coot,  of  vsAir,  in  anliydrons 
pu  [C,|HyO,.).  It  rt'tjuirw  nearly  3I.  parts  of  {jlucoM!  to  ' 
■Boe  ike  uioe  Kweetening  efiect  as  U  {iroduccd  by  1  part  of 
Iwpj.  The  action  of  aalphuric  acid  upon  grapo  ougitr  is 
■  diiBvnt  from  it-t  cffttct  upou  cane  ^iigar,  ^iiice,  iuftU'ud  of 
^D^inC  it  u  oocura  vitb  sucrose,  it  fonnn  iritb  glucose  a 
lAennpoaod  aoid,  which  has  l>e«n  termed  SHlpho$aecbaric 
Ljij  irUcb,  Bcconiing  to  Pdligot,  yicldK  a  soluble  salt  with 
^imI  vitb  t»r]n«. 

CIdo'  with  coiumnn  salt  a  compound  that  cryKtallize^ 

|6c;i;:;  ,_  .'  i,  1  (C,jlIjjO,,) +2  AqJ,thu»  fiiriiisbiiig  imotbcr 
poitc  dianctcr  of  lliis  variety  of  aocchariuc  ouittcr.  ThU 
BUad  when  heated  to  312^  giv«a  olT  3  Aq,  and  if  the  t€m> 
Ir»  of  thL>  rcmdoc  be  raised  to  320"  it  loses  aa  additional 
|«r  «ster«  'VThen  grapo  «ugar  is  heated,  it  bcgitu  to  80(^011 
Lot  140'^,  ami  al  212*^  it  tnelta  auil  loaea  l  \<\;  at  284°,  three 
maH  atoQu  of  water  are  expelled,  and  the  reuduo  conaistK  of 

Bn^  ngv  fortiu  definite  hut  imHtable  combinations  with  the 
Ik  Imm.  These  eompouudii,  even  at  ordinary  temiH>ratures, 
■ny  nndergo  cliau^e  ;  their  solutioa,  which  is  at  first  strongly 
mtf  becumes  ncntrn),  on-ing  to  tliu  fortnntion  of  a  poncrfol, 
■tcM,  but  uiicrystallixable  acid,  gluac  acid  (3  HO,C„H,jOi, ; 
H),  vhicli  remains  in  combiuatioa  with  the  base.  Olucic 
bli^  hailed  with  water,  abeorbit  ojtygeii  aud  bcoomcs  browrn; 
l«ij  (j  H0,('„,If,OJ,  which  JliiWer  tcrooB  apogtucic acid.'M 
td:  H  u  not  m-Malliiable.  If  au  alkaline  solution  of  grape 
t  be  healed,  the  sugar  is  rapidly  ilcstroycil,  antl  a  ditlVreot 
M  dark  brown  colour,  also  possessed  of  acid  cl)aract«r»,  i« 
ked;  this  (tulistaiue  is  not  cryttallixable ;  It  has  been  tcrmcil 
pr  «ch/.  Thi»  body  ha«  a  powerful  aOGiiity  for  oxygca,  and 
[  hotlcfl  with  au  alkaline  Holutiuii,  to  wliirh  a  Rait  uf  black 
laf  copper  has  been  added, speedily  reduces  the  blaok  uside  of 
■cU)  tu  the  condition  of  the  red  oxide. 

b/nio/ion  t^f  Sugar. — Upon  the  foivgoiug  facts  Barrcawil 
■indinl  a  nmple  mctliod  of  tntiuiatiiig  the  amount  uf  sugar 
Lany  mlxiuri!  lunv  coutoiu.  For  tbia  purpose  tie  prcparm 
■alkw  aohition  of  tsetrate  of  copper  and  potash,  of  known 
lib.  A  givon  Tolnmo  of  this  solution  is  placed  in  a  porce- 
I^Ur,  and  hiviU-fl  lu  ncnr  its  ))oiliri<;  point  ;  the  Bolution  of 
P^Im  tntt'd  u  then  added  by  degree^  fnmi  it  burette,  UUtW 
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the  adilition  of  the  syrup  ceases  to  prodncc  any  further  {ireci< 
pitat«.     The  pro|H)rtioii  of  ^iigar  nhicb  is  present  in  the  liijnid 
vUl  be  iurcnely  us  the  rottimc  of  the  sacchnrinc  Kolutiou  con- 
sumed.    Cano  sugar,  however,  does  Dot  rcdttco  the  atkaHnc  5olu< 
lion  of  tartrate  of  copper,  consequently  no  iudicRtton  of  the  i>re»eiice 
of  cane  sugar  is  aSbnlcd  by  this  rcogciit,     Ncvcrtliclcss,  a  qnan- 
tttative  determination  eveuof  tliw  variety  of  sugar  may  be  effected 
hynicauBoftliis  method,  provided  tbat  a  given  tulumeof  Ibesaocha. 
riue  liquid,  acidulated  slightly  with  sulphuric  acid,  be  diluted  vith 
tratcr,   and   boiled  fur  a  ^burt  time;  the  cane  sugar  in  tbun  con- 
vertiid  into  inverted  sugar,  and  on  diluting  this  liquid  with  naler 
till  it  occupies  a  delinito  volume,  tlie  proportion  of  altered  sugar 
vbicb  it  contaiBS  may  be  ascertained.      Suppoxing  both  kinds  of 
sugar  to  be  present,  a   praliminary  experiicent   is  made  before 
boiling  ^ilb  aeld,  in  order  to  e^liniate  the  amount  of  inverted  or 
of  grape  sugar,  and  by  deducting  tbis  from  the  quantity  found 
after  acidulating  the  liquid  and   boiling,  the  pro^iorLiau  of  eane 
sugar  is  ascertniucd.     Febling  recomracuds  for  the  preparation  of 
tbe  staudard  copper  solution,  the  foUowiug  proportions  as  reduced 
to  Bngliih  weights :—  i  ounce  of  cryfetalUicd  sulphate  of  cofipcr, 
3  ounces  of  cream  of  tartar,  ij  owiiceofpurecarbonatc  of  potash,  14 
or  16  ounces  of  a  soluliou  of  caustic  soda  (sp.  gr.  I'l  a),  an^  water, 
which  is  added  until   the  solution  meaaorea  ]5i6o   water   grains. 
Tiro  hundred  measured  grains  of  tbis  solution  contain  a  quantity  of 
copper,  which  would  be  reduced  by  i  grain  of  augur  (C^jH,;0|j) ; 
each  atota  of  sugar  reducing  loatoniKof  the  black  oxide  of  copper 
to  the  state  of  suboxide.     This  test  is  often  conveniently  resorted 
to  as  a  prrliminaiy  trial  far  sugar  in  urine:  little  or  no  actioD 
occurs  Hlieii  a  ttolution  of  grape  or  diulx-tic  nugar  is  mixed  with  aa 
alkalioe  solution  of  copper  in  the  cold ;  but  on  the  application  of 
a  gentle  heat  the  yellow  hydratetl  suboxide  of  copper  i«  tlirown 
down,  and  on  ralMiig  llie  tcmperatnrt^  to  the  boiling  point  tlie  red 
anhydrous  aubositle  is  deposited.     When  a  solution  of  any  of  the 
varieties  of  glucose  is  mixed  with  an  ammonifical  solntion  of 
acetate  of  lead  a  precipitate  is  formed,  coutaitiing  [3PbO,C,jII,jO,j), 
Peroxide  of  lead  eoiivcrts  glucose  into  a  ttiixtnre  of  formiate  and 
carbonate  of  lead,  whiUt  water  is  eliminated. 

(939)  Effects  of  the  I'arietie^  0/  Sugar  on  Potariitd  Light,- 
Both  &ucro«c,  or  cane  i<ngnr,  and  gUiewte  produce  rotation  upon 
lay  of  pularixed  light.  The  plane  of  polarization  is  rotated  fr 
left  to  iTght,  by  Microws  rather  less  jKiwerfully  than  by  glucos 
It  ii  remarkable  that  the  unerj-stallixable  sugar  of  fruits  pn>duc 
on  opposite  rotation,  viz.,  from  right  to  left.     Siuee  the  degree  1 


or  TnE  VAR1BTIX8  or  avaut  on  polarized  light.    B3 


tkm  is  {iroportioDate  in  cotnmus  of  equal  length  to  the  quantity 
d'*Qgar  prewtit,  it  haa  hccn  proposed  to  cmpto;  thia  prupcrtjr  ui 
onifLT  to  detcnniuc  Die  quaiititv  of  augar  prcM^nt  in  G^rups,  The 
loJIowing  according  to  Bertlielot  are  the  rotatory  powers  of  the 
different  Tjmctic*  of  sugar,  if  cqaal  weights  of  each  arc  dissolved 
in  ao  e>|ua]  bulk  of  water :  thti  (|uaiititie«  of  cacU  sugar  are  calcu* 
iHed  for  the  foniiiilie  auuescd : — 


CaaeiuKar (C„H„0„)  ri|f lit  jfS 


TrvliaJoM* (C„H„0„1 

Mr-lcsitoM (C,.H„0„) 

My^o^ (c;n,fi„)  .. 

M'<ito» (0„lI^O„)    .. 

Grape  BHear (C„HuO„)    „ 

JWlwRM- (C„H,,0,J     .. 

Fruit  tuKir (C„H,,O..^Wt 

Euclyn (C„H„<V.)rii.|,t   50" 

Sortrin (Ci-H,.0,j)k-a      46*^9 

HUkfUKtf (C,;U,;u,j)riRbt  56*4 

ohiwwofdiito ic„n„o,j    „    ■■  * 

InT*rt*d  ««ne  Bogar iCuHuOjileft 


a  JO" 

57^4 

I  or.'' 


S- 


Tnnp. 


5«^ 


57* 


Id  a  paper  contained   in  the  Aim.  de  Chimie,  HI.  xxvi.  ij^, 

Cler^t  gives  tt  detailed  account  of  the  applicatioD  of  polarized 

li^hl    to    tiiC    analysis  of   sacchariuc  oolutions  hy  tlic  aid  of  an 

'  I  iniiiK'ut  iiireitted  by   Solcil.      Beiice  Joiic»  luu  applii-d  the 

-.:i..lhod    to    the    determination  of    the    quantitv  of  sugar   tiliicli 

rcmaiiis  ia  the  unferiueiited  state  ia  nines.      Diabi'tic  uriue  may 

olio  bo  examined  \ij  the  same  process.     According  to  Clerget,  if 

Mtc  right-hoiided   j-otatory  power  of  a  gireii  wviglit  of  cane  sugar 

IIk  taken  aa  100,  that  of  nn  c^ual  weight  of  diabetic  auj^r  tsi  73, 

|[lw  roUitton  in  Uiis  case  also  licing  right- handol.     In  cutiiicxion 

Iwitb  Ibc  optieal  exainiunlion  of  a^rupi,  tlic    following  fiLCts   are 

llm|iortant : — Starch  BU(,'ar  presents  three  luodificationB  when  ex- 

imtonl  iiT  it»  effect  upon  polarizod  tight.     A  solution  of  crj-stnl- 

laed  starcb  su(j»r,  when   freidiljr  made,  poiwi'ssct  a  rotatory  power 

4(Mbleof  that  vbieli  it  retains  after  having  beeu  kept  in  solntion 

LJar  lotuD  houn ;  and   the  rotatory  poiVcr  of  a  solutiou  of  nugar 

'  froa  Dialt   wlieii  freshly  lunde,  ik  threu  tiaic«  aa  great  as  that  of 

th«  tmmo  Bolution  after  long  keeping.     Thcde  different  varieties 

oaf    all    be  immediately  rcdueed   to  tlie  one  po^essed  of  thn 

niiaitauiD  rotatory  power,   by  simply  beating  the  solution  to  180^ 

sr  Dpwards,  and  tbcn  allowing  it  to  cool.      If  the  rotatory  power 

itarrh  taffar.  of  minimum  effect,  be  taken  as    i,  (hat  of  a  &«ah 

of  crjrstallucd  starch  sugar  will  bo    2,  that  of  augar  of 

:  3,  and  that  of  an  vqnivali'ut  qunntity  of  dextrin  (950)  will  he 

MlDil  to  4.      Sugar  of  milk,  and  the  mudiBed  fcrmi;ntable  ftiigar 

Oiniaeil  from  it  br  the  action  of  acida,  reecnible  starch  sugar  ia 

c  2 
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the  dreunwt&nce  thnt  vhcn  fint  (lisiolred  in  vatm-  their  so1ufi<fflP 
exert  a  greater  rotatory  povcer  than    after  tliry  hare  Ijcen  in 
colutiun  for  a  kw   hours.    After  ttie  lapse  of  a  certain   interval  of 
time  tbe  rotatory  effect  becomes  statiouary,  and  is  represented  hf^ 
the  nnmbers  giren  in  the  table.  H 

Starch  sugar  afler  it  ha»  heea  thus  reduced  to  its  mintmifl 
power  of  rotation,  undergoes  iio  change  when  heated  for  a  Bh<M 
time  with  tax  iteid ;  but  the  rotatory  jiower  from  left  to  rigJ 
poaK(9?cd  by  a  solution  of  cutie  sugar,  is  reversed  by  mixing  tfl 
liquid  with  one  tenth  of  its  bulk  of  a  pure  coiiceutratec)  soluti^f 
of  hydroehluric  ncid,  and  heating  it  by  means  of  a  water  hnth  ifl 
ten  minutca  to  the  teiuiieraturc  of  IJ4°:  the  crjiitallinc  augarfl 
tlius  converted  into  an  uucryfitaltizablc  form,  diAtingninhcd  fl 
inverted  sngnr  (937]>  Tt  has  been  remarked,  tliAt  the  addition  S 
a  soltitioii  of  potash  or  of  soda  to  a  wlution  of  sugar,  roditces  tifl 
rotatory  ui'^tion  of  the  liquid  upon  the  polarised  ray,  but  on  ncutlfl 
lizing  the  alkali  the  original  cflFeot  is  restored.  An  exceas  fl 
acid  exerta  no  sensible  cITcct  upon  the  rotatory  power  of  IM 
liquid.  >fitsclierlich  has  shown  that  elevation  of  tcropemtifl 
jnroduccs  a  rcrj'  singular  effect  upon  the  rotatory  power.  In  til 
case  of  cane  sugar,  the  rotatorj*  power  dinainishes  sloady  aa  ^B 
temperature  rises.  If  the  rotjitorr  power  at  33°  bc=i,  it  wtUfl 
312"  lie  Icsii  by  O'o-i^i  (f)r=o-^yftH  Dnbrnnfaut)  ;  and  in  Uk  cafl 
of  cane  sugar  altered  by  acids  the  effect  is  so  considerable,  thjfl 
according  to  Buignct  it  amounts  to  about  0-305*'  for  each  risefl 
1"  P. :  indeed,  not  only  is  its  rotatory  power  to  the  left  grcaoH 
reduced,  hecuining  at  126''  only  one  half  of  that  which  it  hndfl 
57°,  but  at  187°  it  becomes  null,  and  beyond  this  it  is  actuafl 
reversed,  and  becomes  right  hatuh-d.  H 

[940)  Mtmufacture  of  Sagar. — Tlie  chief  source  of  angar  fl 
tlie  state  in  which  it  in  offered  for  ante  is  the  sugar-cane,  of  whfM 
tbere  are  three  or  four  varieties.  Thi»  plant  is  a  wtid,  joints 
rccd,  which  grows  to  a  height  varying  from  6  to  15  fefct.  Tfl 
lagar-eano  flourislies  be«it  betneeii  the  tropics,  and  requirwH 
strong  deep  soil.  It  is  found  most  advantagcons  to  cut  the  caifl 
before  they  are  allowed  to  flower,  the  produce  of  sugar  being  mnfl 
reduced  after  inflorescence.  Tlie  caues  are  cut  as  close  tu  tlie  mB 
as  pusaible,  since  the  juice  contained  in  the  lowest  joints  is  tM 
sweetest,  Tlic  ripe  cnncs  immediately  after  cutting  arc  strippfl 
of  their  leaves,  and  subjected  to  strung  pressure  by  pasi^ing  theH 
lietweea  grooved  iron  cylinders.  In  that  hut  climate  the  jui<fl 
if  left  to  itsdf  even  for  half  an  hour,  begins  to  ferment :  it  H 
therefore,  immediately  mingled  with  from  j-oVs^h  to  ,^^1^  of  fl 
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ami  lieated  to  140°  ui  large  flat-bottomed  copper 
B,  which  huld  from  300  to  400  gallons  mch.  At 
Inre  tJic  allium  it  iouh  jmrtioitti  of  tlio  juioD  become 
rise  to  tlie  eiirfacc  iu  tlit;  form  of  acum,  whiUt  the 
lecotnlizcd  by  tlit-  lime.  AAcr  allowing  it  to  coul  far 
V,  lie  clear  liijuid  w  drawn  oA*  for  coiicvntrfttioQ  ity  boiling. 
bsl  vkA  tot  this  purpose  fs^Dcrally  cousista  of  the  cnialtcd 
Ik  kibes  of  wbidi,  in  nelUmaiiagccI  plaiilattons,  are  always 
icillutiu)  toil,  mill  fiimUh  luanure  tor  futurv  cropn.  Wkca 
RSf  lu iici)mre<)  bufficicot  couaistcnce,  it  is  run  into  sliallonr 
LOulcn,  and  imoicrliaiely  elirrcd  briskl^v  for  a  few  minutes ; 
\tA  tu  »tanii  for  uu  hour,  whcu  a  vrust-likc  thin  ice 
Dcd  over  the  lop ;  this  is  broken  up,  after  which  tbe 
.atre»t  for  twenty-four  hotirft;  the  scoii-solid  mius  U 
to  thu  cufiu^-huiisc,  and  is  put  into  the  polling 
uv  vesicla  romiabed  witb  |»erfornttHl  Iwttouib  to  allow 
or  treacle  to  drain  oBT.  Into  col-U  pt-rforsiion  a  reed, 
I  of  a  plantoin-lcar,  is  placed,  extending  to  the  top  of 
rith  Ihc  view  ot'fat^llicaiiiig  tlie  drainuj^o,  wliicli  requires 
la  j  weeks  for  it^  cuiiiplL-tiou.  Tlit;  crysLnln  nrc  finally 
r  in  thu  Ban,  anil  form  the  raw  sugar  of  commerce.  Oa 
Rgr,  one  gallon  of  juice  furDUlics  one  pound  of  sugnr. 
rMi*  it,  hovcTcr,  inciimMl  in  the  oxlractioii  of  the  saccha- 
ttzr,  lor  aecordjtifr  to  IJatnas  100  parts  of  fresb  caoe  should 
Df  juice,  utul  of  this  J  S  or  20  parts  arc  pure  su^ur.  Xo 
lUnUe  sugar  ia  contuined  in  the  frcoh  juice  of  sound 
ih  it  occura  iu  decayetl  ones.  Much  of  the  wabte  arises 
s!ua  uf  the  crystaltixablc  BUgar  into  treack  or  ua- 
prupfby  tlti)  bi^h  temiii^riiturc  and  frcrjueitt  boilings 
tk  nthji:ctfd.  Great  iniproremeuts  b&rc  rea^ntly  bcea 
a  the  apparatus  for  boiling  down  syrups,  by  meaus  of 
(•-antiful  cry>.t«lLix«d  proditct  ni:iy  with  carc  be  obtained 
at  the  first  CTTHtJilfizatiou. 
■F-yiir. — The  American  Indians roamifacturo  a  coinsidcr- 
Ky  iif  ikug;tr  frutn  a  sjR'cica  of  mB])li:  {Acer  xaccharinatri^. 
obtain  the  juioe,  thuy  maku  perforutious  which  pene* 
the  lark  from  a  quarter  to  half  aa  incb  iuto  tlic 
Qsually  has  two  boringc^  tbc!»c  pcrfoiattoas  are 
ujiou  the  side  of  the  tree  lacing  the  south,  at  a 
3m  16  to  30  inches  from  the  BurEace  of  the  soil.  Rocda 
rftcli  apcrtun-,  to  ccuvcy  the  juicu  into  auitable 
I10  best  iv4!a%on  of  the  year  is  during  the  moiilha  of 
and  Mny,  while  liie  m/j  is  risiug, — /rotn  the  3 and  o( 
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'KTsrch  to  the  middle  of  April  being  tlie  penoil  preferred,  i 
timed  a  »ccx>iid  runniu^  is  taken  in  the  autuoiu  from  cbc 
tree,  liutit  is  more  itijurioiu  to  tlie  tree  thnn  the  apring  tap 
in  autumn  tlic  juice  do<»  not  run  for  more  thau  four  or  ftvotUi 
it  is  twice  lu  strong  ao  tlint  which  is  drawn  iu  spring.  A  ffta 
gives  daily  six  gallouH  from  cflch  incision,  and  in  an  old  tree 
ba«h  '  these  six  gallons  yield  one  pound  of  sagar.  In  a  '  new 
ttwdvc  gallons  arc  miiiired  for  each  jiound  of  sugar  :  the  tt 
qnantily  of  ttugor  from  eauh  tree  ia  shout  three  ptiuiuU.  1 
pcrly  treated,  the  same  tree  may  be  tapped  for  20  or  30 
succession.  The  higher  the  perforations  the  bwccIct 
juice.  Krcry  tvrcuty-four  hours  the  liquid  that  but  <!o9 
u  concontrated,  and  the  raw  crj'stallized  augar  is  sold  in 
without  further  refining. 

Sect-root  sugar  \s  estriicted  by  prcning  out  the  juice  fro 
ripe  roots  of  the  wliitc  heet^  which  aie  usmtlly  gathered  in  Oe 
The  expressed  juice  coiilaiiis  about  10  jicr  cent,  of  sugar,  wli 
the  fresh  jutce  is  entirely  of  the  crysiallizablc  kind;  but 
seldom  possible  to  extract  in  thtt  cryivtallijcable  form  more  tht 
the  quantity  which  the  root  contniuft. 

The  expressed  juice  is  firet  mingled  with  a  small  quanl 
lime,  and  then  lioilctl ;  a  largi;  portion  of  the  albumen  and  ai 
matters  arc  thus  coagulated,  and  rise  to  the  top  in  the  f( 
a  scum,  which  is  carefully  removed.  The  juice  i»  next  I 
through  a  colnmii  of  animal  charcoal ;  it  i»  conccntriLted 
vacuum  pan  and  is  then  Bllered  a  second  time  through  chi 
it  is  again  cfaporaled  still  further,  and  filtered  through  coai 
bags  to  remove  any  suspended  particles;  ai^or  nhieh  it  is 
dovn  to  the  e rystalliKing  point ;  the  syrup  nt  thi.>*  Mage 
»p.  gr.  of  about  1-39. 

The  crystals  of  beet-root  sugar  are  longer  and  flatt 
those  furnished  by  nngar  from  the  cane,  hut  (hoy  cannot  ol 
be  di^titlguishe«l  from  the  latter. 

The  roanafacture  of  sugar  fram  this  root  tras  called  into 
ence  by  the  wais  of  Napohiyw,  during   which  the  imiiuary 
of  the  article  was  cut  off  from  the  French.     In  France,  wh 
principal  manufactories  of  this  sugar  exist,  a  good   deal 
uolasae*,  which  x*,  inferior   to  that  of  the  uane,  is  fi-nncnt« 
funiishes  a  considerable  quantity  of  spii-it  of  wuid,  aniou 
wcig,ht  to  nearly  one-third  of  tin;  trcaclr  -  "■■ '- --(-(i ;  this 
purified  by  ili»tilIaiion  :  the  miduum  in  >  .     '  J  to  drj'uc 

then  incinerated  for  the  aalie  of  the  alkaline  Kalm  tthich  it 
thcM  valla  consist  priDoijiaUy  of  carbouatos  of  soda  uid  poi 
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I  a  mull  proportion  of  sulphate  ot  potash  aud  of  cliloriilc  of  potits- 

[smn.  Beet-roots  ooatain  a  large  proportiou  of  koIuMu  naline  mattcrB, 

vhichare  by  thb  meaiis  economized.     Tlic  crmhvd  piitp  u  pitlicr 

'  vmplof  Oil  while  frvek  as  food  for  cattle,  or  used  as  tuauurc  fur  llie 

kocL 

(941)  Refining  0/  Sugar. — Tlic  process  of  refilling;  »iigar, 
irhctbcr  from  the  cane  or  tlic  bcct>root,  is  alike  for  each.  Two  or 
tliree  parts  of  sugar  urc  di»»olvcd  in  1  part  of  limc-wstcr  mixed 
mtli  J  or  4  t>«r  cent,  of  bout;  black,  and  the  whole;  ia  hcntcH  in 
lai^  ct^tcnia  by  allowing  steam  to  blow  up  into  tlicia  through 
{lipes  which  opeu  luto  the  bottom  of  the  vessel ;  from  these  cisterns 
ibe  sjmip  is  trunafcrri'd  to  a  filtenng  appamtiia  cniiaiatiiig  of  tubes 
of  twilled  cotton,  where  it  i»  freed  from  mechanical  impurities,  aiid 
ITRS  through  OS  a  reddish  brown  syrup.  In  many  establishments 
this  clarification  is  aided  by  mlding  to  th(-  lyriip  a  certain  quantity 
,  of  the  serum  of  bullock's  blood.  Tin-  albumen  of  the  wriuii,  on 
I  the  application  of  hc-at,  becomes  coagulated  aud  rises  to  tlic  surface, 
carrying  with  it  eutangled  in  its  menhc^  the  greater  part  of  the 
■olid  impurilie*,  which  are  afterwards  removed  by  skimming. 

The  reddish  vyrup  which  has  run  through  the  lilters  haa  next 

to  be  (read  as  much  as  possible  from  colouring  matter,  and  for  this 

,  ptnpose  it  IJ  a  second  time  tiltered  ;  but  the  tiller  on  this oeeaiiion 

I  is  of  a  different  nature,  and  cousists  aimply  of  a  bod  of  animal 

I  ekarcoal,  prepared  by  calcining  bonca  in  closed  vessels,  and  stibsc- 

^neatly  grinding  theoi  into  a  coarse  powder.     The  tiltcra  consist 

of  eitcnsivc  vats  ij  or  14  feet  deep,  with  ptrforated  fabc  bottomii; 

npon  these  a  layer  of  ticking  is  plaoedj  anil  above  this  eharcoal  to 

(be  depth  of  13  feet;   above  this  ia  auothor  layer  of  ticking 

OOfcrcd  with  a  perforated  metallic  plate.     The  sjgrup  is  alloncd 

to  flow  ercoly  over  the  surface,  aud  by  the  time  it  has  run  throagh 

I  it  ia  colonrless  (^3]. 

Owing  to  the  \iscidity  of  the  filtered  liquid,  a  high  temperature 
'(s}o^  i»  necessary  10  make  it  boil  under  ordinary  circumstances: 
'  ud  at  this  tcm^raturc  the  sugar  quickly  passes  into  the  uncrys- 
tiiliiatjle  uodificatioa,  especially  when  exposed  totlie  action  of  the 
llao^fbcrc.  By  uu  ingenious  application  of  the  mode  in  which 
liqakls  may  be  lioilcd  in  vacua  at  a  temperature  far  below  their 
«r£av7  boiling  point  (r69),  this  difficulty  has  been  in  a  great 
DCMurc  overcome;  and  the  ayrnpa  arc  now  uuivcreally  boiled 
down  io  the  t»i£iMia  pan.  In  this  apparatus  the  pressure  of  the 
atSMMphcre  is  rcmoTcd  by  menus  of  a  powerful  air-pump,  and  a 
im  h  aiaintaincd  alwvn  the  surface  of  the  liquid  in  theevapo- 
Ig   vi-ssc),  tt  liich  a  a  closed   pan  or  boiler  constructed  of  a 
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spheroidal  form,  in  onler  to  eiialite  it  to  resist  tfae  pressure  of  da 
external  atiatnphcrc.  The  loner  half  of  the  pan  ia  douhlci  n 
the  pur|Kiite  of  a<ln)ittiiig  iiU'iim  tH-tnecn  the  contings;  ami  a»pif| 
steam  pipe  is  also  coiled  nitbin  the  builcr,  with  a  view  of  iucrea^ 
the  extent  of  heatiug  surface.  By  this  arraogemcnt  a  supply  I 
Btenm  can  be  lulmittcd  froru  a  neighbouring  huilcr,  the  lient  bciJ 
sufficient  ot  cause  the  s^Tup  to  enter  in  rapid  ebullition,  whilst  ■ 
tlaiigcr  of  burning  the  ayrup  u  completely  avoided  ;  aince  the  bol 
ing  point  docs  not  ri«c  u1>ovo  ^^o"  or  160°.  The  cvaponitiou  I 
continued  until  a  small  quantity  of  the  liquid  vheu  placed  betvei 
the  thumb  and  finger  can  he  dnimi  out  iuto  a  thread,  vrhicb  breal 
nenr  the  thumb  and  curK  back  to  the  finger.  When  it  rcaeh« 
this  point  the  nynap  ia  emptied  into  a  vesiicl  heated  by  atean  i 
about  170";  in  this  heater  it  is  atrcwigly  agitated  with  wooden  o^ 
until  it  appears  to  be  thick  and  granular.  It  i»  upon  this  a^tatkl 
in  the  healer  tliat  the  nbiteucss  and  liDcuti^s  of  the  ^rmin  in  refitMl 
sugar  dtpeud,  Fresli  portions  of  the  evaporated  liquor  are  two  4 
three  times  added  to  the  lirst,  imd  thua  the  temperature  is  altii 
nntely  rained  and  suiTcrcil  to  fall.  From  the  healing  rat  it  j 
traiisrerretl  into  inverted  eonicnl  moulds,  either  of  sheet  iron  or  ^ 
UQi^lazcd  earthenware ;  in  the  a{>cx  of  imch  of  these  ia  an  apcrtuii| 
which  is  at  first  closed  hy  means  of  a  plug-  The  syrup  is  again  w(j 
tttirrcd  in  tlicsc  moulds,  to  favour  the  escape  of  air-bubbte«,  vhjd 
would  otherwise  give  the  moas  a  honeycoinhcd  appearoncv.  AfU 
this  operation  it  is  left  at  rest  tor  several  hour)>,  at  the  end  of  whig 
time  the  plu|»  is  removed,  and  the  micrvBtallizcd  syrup  runs  jni 
veaseU  placed  l)clow  for  its  reception.  Tlie  sugar,  hovfcvcr,  is  d 
yet  white ;  for  though  the  crystals  cooslst  of  pure  *^ugar,  the  loaii 
retain  mechanically  a  large  quantity  of  coloured  syrup.  In  ord( 
to  get  rid  of  this,  a  quantity  of  iiue  colourless  syrup  is  poured  upd 
the  base  of  each  loaf,  and  this  ^yrup,  as  it  gradually  pcrcolaU 
through  the  porous  maiii,  di»|)lnees  llie  iiti purities.  The  loaf] 
finally  dried  i]i  a  heated  chamber,  aud  fuiishod  for  the  market  I 
turning  it  in  a  lathe.  I 

lu  many  refuierieSj  after  the  Rucst  qiuilily  of  sugar  has  hoi 
obtained  in  the  form  of  loaves  in  the  mauner  already  describ€| 
the  «ymp  which  drains  from  them  is  boiled  doim  again  in  1^ 
vacuum  pan,  niid  is  obtained  in  the  form  of  what  is  termed  cru^ii 
sugar,  which  is  freed  from  the  unerystallized  Ryrup  with  grel 
rapidity  by  an  ingenious  application  of  the  ceutrifugal  force.  Til 
iipparulus  employed  is  similar  in  principle  to  that  which  ha»  hc4 
long  used  for  dr^-ing  clothes  in  laundries.  It  consists  of  a  cylil 
drical  druni  mounted  upon  a  vertical  axis^  to  which  a  rery  ran 
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'  Btfrancmt  cui  be  given.  The  oater  wall  of  this  rcvolrin;; 
I  ii  tmaal  of  a  ilout  Iwt  done  metallic  network.  Tbt&  drum 
ia  «  •nivriil  Mimewbiit  tiii^er  fixol  cylindrical  vessel,  in 
hijaiil  [jartinii  of  llie  syrup  is  collected.  In  order  to 
lippuittui,  a  charge  of  conceotrated  syrup,  which  has  Iiccn 
ItDoool,  and  hits  thos  ticcomc  converted  iuta  a  crTetaDiiie 
,  a  tnatilnTcd  tu  the  itmer  drum  of  the  centrifugal  mnehinc. 
I  a  now  put  ioto  rafud  rotatory  motiou,  the  uacrystallizcd 
I  through  the  pores  uf  tliv  metallic  gauze,  whilst  the 
■rtiaiiii'd  upon  it*  lancr  surface.  Between  the  with- 
lul  tbe  intioductiou  of  each  charge  the  drum  is  cleansed 
t  of  iijh-prcMure  stcaaij  and  thus  the  pores  of  the  metallic 
;  ve  kept  clear. 

i;  Vclitoae  {C^Tl,pj^  +  4.nO). — This  is  the  name  given 

»l  (.-Jwi.  d«   Chimie,  III.  xki.  66)  to  «  singalar  tnodi- 

of  tagar  obMrvcd   liy  Johnston   to  be  contained    in  the 

I  aTniDe  species  of  the  Eucalpptttt.     It  ia  soluble  in  water, 

■bat  soluble  in  alcohol.     Its  aqueous  solution  cri'stalliies 

c™i«jration  in  eleuder  needles,  which  have  a  feebly 

When  heat«d  to  an'  it  loses  4  Aq,  or  9-2  per  opnt. 

r;  if  heated  to  3*36°  it  loaca  alnut  t  atom  more  of  water, 

lemila  an  ogrecahtc  odonr,  whilst  it  assumes  the  aqieet 

■•upir.     'lite  urjueous  solution  of  mclitose  producer  rigtit- 

ItKatJon  uf  a  polarized  ray  more  poncrfully  tlutu  on<;  uf  cane 

Rtaic  acetate  of  lead  prodnccA  n  precipitate  in  its  solutions. 

I  oot  Mnec  the  s&lt«  of  copper  when  hoilcd  with  an  nlkaline 

onnipouuds ;  but  if  Ijoiled  with  sulphuric  acid,  the 

icqiiirnw  the  power  of  reducing  the  salttt  of  copper, 

[xnrcr  is  reduced  by  two-fiftha,  but  it  is  not  in- 

itai  of  caac  aagar.     With  nitric  acid  it  yields,  amongst 

-*-     miicic  acid,      ^'hcii   mixed   with  yeast,  nielitoso 

iinoua  fermentation,  hut  it  gives  off  one  half  only 

:ity  of  carlxMiic  acid  which  an  ecjual  vcight  of  glucose 

•'!'-!.     Thc«c  peculiarities  depend  «]>on  the  fact 

!iienco  of  acids  and  of  yeast  mclito«c  hceomea 

iaui  tu'o  portions,  one  of  which  is  soseeptibic  of  fer> 

"iic  gluco«p,  whiUt  the  eccoml  portion  remains  unacted 

'  hquid.     To  the  latte-r  body  the  name  of  EtKolifn  has 

It  ii  a  aub«tntioe  of  syrupy  coot^iKtenoe,  and  a  feebly 

<)ricd  in  varm  at  the  ordtnury  temperature,  it 

'^4- a  no,    aiMl  at  212'  it  parta  with    3  110. 

ngbi-lianded  rotatiou  upon  a  polarised  ray.     T.ucaiyn 

I  piojvrtiea  of  Mjrbiu  [see  tabic,  p.  ^6)  ia  erery  respect. 
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except  that  Mrb'm  produces  left-handed  rotation  aod  b 
Usable.      V^'hen  hesUtl  with  alkalii^s  it  KKsumut   »  brown  ool 
and  reduces  the  salts  of  copper;  at  a  heat  of  592"  it  becotnes  cobT 
Terted  iuto  a  black  insoiuble  mass.     Meiilose  appears  therefore  to 
be  formed  by  the  union  of  two  rarictics  of  Mugar,  one  of  whicb  11 
fermeotablc  wuder  the  infliieree  of  yeast,  while  the  other  ia  not  e«. 

(943)  Sl'Oar  01'  Milk;  JUtctin  or  Lactose  {C^^}i,^0^^,  ot 
C(,Il,^O„+_^U0),  Sp.  Or.  i"j43. — This  raricty  of  eugar  is  aa 
auitiiiil  product,  being  obtnioed  solely  fi'otn  the  milk  of  the  maai- 
malia.  It  is  produced  by  the  berbivora  iu  greatest  abuudanoe, 
bat  it  is  secreted  also  by  the  caroivora,  although  their  diet  is  ei* 
oluHivdy  of  an  animal  nature. 

rreparafion. — Af^er  the  milk  has  been  coagulated  the  curd  is 
separated,  nud  the  wliey  is  concentrated  by  evaporation  until  it 
rea<:hc's  the  eryBtalHzing  point  ;  »maU  pie<X's  of  wood  arc  then 
iutrodnced  to  act  as  nuclei  upon  wliich  the  crystals  of  lactose  are 
deposited.  It  is  thus  procured  ia  mamiuiltated  masaes  composed 
of  groups  of  right  four-sided  priema,  tcrmuintcd  by  faur-aided 
pyramids.  The  erystal*  are  white  and  semitransparent ;  they  feel 
bard  and  gritty  bt-twccn  the  teeth,  aod  reijuire  5  or  6  jiurts  of 
eold  water  for  iKtlulioii ;  the  liquid  thn-t  formed  is  leaa  sweet  tO' 
the  taste  than  that  produced  by  an  equal  weight  of  starch  sugar. 
Lactone  is  insoluble  in  alcohol  and  in  ether.  Its  aqueous  solution 
produces  right-handed  rotation  of  a  ruy  of  polarized  light ;  the 
&cah  solution  lias  a  higher  rotatory  power  than  it  exhibits  after 
standing  for  »  few  hours,  or  after  heating  it  to  312'^.  If  lactose 
be  healed  gradually  to  284°,  2  Aq  arc  expelled ;  but  it  ia  lemark* 
able  that  if  the  tea>[icrature  be  suddenly  raised  to  about  400°,  the 
crystals  melt,  autl  tbeu  loi^c  5  Aq.  ^Vhcu  boiled  with  dilute  acids 
it  is  very  slonly  converted  into  a.  fcrmen tabic  sugar  which  excrta 
a  right<linnilod  rutiUory  action  uj>ou  polarized  Uj;htj  an^d  furuishcs 
mueic  acid  when  treated  with  nitric  acid.  When  piur,  milk-sugar 
is  not  susceptible  of  fermentation,  but  milk  itself  may  be  fer- 
mented. In  this  ca»c,  Borthclot  vwt  unable  to  find  any  o-idcuco 
of  the  conversion  of  the  lactose  into  glucose  before  it  underwent 
fcrmcDtation.  If  the  milk  be  ailowexl  to  ferment  Rpontaneously  in 
contact  with  chalk,  a  considerable  quantity  of  lactate  of  Umc  is 
formed  simultaneously  with  the  alcohol.  Lactose  may  be  com- 
bined with  oxide  of  lead,  and  forms  with  it  two  white  iu^oluble 
compounds,  C,,HniO,9,f,  PbO,  aud  Cj^Hj^O,;,,  loPbO.  It  also 
Enmis  compounds  with  the  ulkalicx  and  with  the  alkaline  earthsj  uad 
absorbs  both  animoniaeal  and  hydrochloric  n<»d  gases.  An  olka- 
line  solutiou  of  lactose  when  boiled  with  the  salts  of  copper  rcdtices 
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I  preci|)it.iteM  the  suboxide  of  tlie  metal.     It  aim  reduces 
I  of  mercury  aod  of  ailver  nticn  heated  tritti  llicir  solutions. 

AfiioH  qf  Xitric  Add  on  the  Sugars. — ^Thc  action  of 

I  lad  o[«u  the  ilifTcreiit  varieties  of  sugar  is  remarkable  and 

rirtic.     Sucrusc  ami  glucose,  wlicii  treated  with  3!  times 

^vei^lit  of  nitric  aciil,  of  sp.  gr.  vzj  (care  being  takcu  that 

rknqKntofe  be  not  allowed  to  rite  beyond  if^"),  yield  a  pecu* 

Licid,  tbe  raccAtiric;  and  the  same  substance  may   alito   be 

from  starch,  gutn,  ant)  li^iiiu  by  aiciitlnr  Ircuttnciit. 

tiarir  jicid  (2  H0,C^1I^0,J. — This  aeid  forms  a  colour- 

^iaodcirDus,  dvUqueiccRt,  gunimy,  uncrysta)lizaljle  mass,  which 

ij  wiluhle  in   alo(>hol,  hut  T|Mriiigly  fo  in  ether.      It  yields 

ib  with  potiob,  one  of  wiiieh  is  the  normal  salt ;  it  ('ontattiii 

a*  of  base  to  I  of  add,  and  is  very  soluble:  tlie  other  La  a 

»altihle    iu;i()  )racch.-ir:itt;   which    crystal  I  izcit    in    oblique 

bcrxilcs.     Sjiceharic  acid  isniifiicietitly  powerful  to  dissolre 

I  Md  noc  nith  utricatioii  of  hydrogcu.     Its  normal  salt  with 

i*  Ainorpliouft  niid  sparingly  wtuhlc.      Saccharic  ncid   has  a 

to  Ibrm  double  salts,  so  that  it  appears  to  be  dibasic. 

[aocrose  or  glucose  be  acted  uinu  by  nitric  add,  of  a  sp.  gr. 

ptlun  1*27,  and  the  temperature  be  allowed   to  nm,  a  large 

I*  of  oialic  ai'id  is  formed. 

Acid  (2  HO,C,.n,0,J.— Sugar  of  milk,  when  treated 
SM  uf  iiitrin   acid,  fumiabe*  mucic  acid,  accompanied   by 
ic   and,  with    xhii^li   the  mucic   is   isomeric;     mucic  ncid 
be  produced  Irom  gum  and  maunite   by  similar  treat. 
WlicD  sugar  of  mill^  is  used,  Liebig  found  the  motlier- 
tfa>  eoutain  tnrtiitic  acid  ;  indeed   it  niny  be  remarked    that 
lie  of  mucic  acid  contains  the  elements  uf  one  molecule 
'tartaric  and  acetic  acids,  for 

MMii  ieU.        VwUrlo  AM.     XaMi  AtU. 


I  put  oT  gum  or  of  sugar  of  milk,  when  boiled  with  4  parts 

add  of  sp.  gr.    1*35  and  [  part  of  water,  on  cooltug 

''"  a£id  in   minute,    colourless,   tranji|>arent,   tabular 

mmmc  the  appearance  of  a  sparingly  soluble  white 

■der,  insoluble  m  alcohol.     It  is  a  dil>asic  acid,  the  salts 

■re  ftll  iiiMilublc  in  water  with  the  exceptiou  of  those  of 

' :  it   funas  two  classes  of  Eults,   a   neutral  or  normal, 

add  scrips.       The  normal     tnncate  of    potash  consists 

l)^ull^0,i-f  Aqi    tbc   himucate  of  tlio   same  base,  of 
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KO,UO,CuHaO],+Aq.     Mucic  acid  is  soluble  in  concentra 
sulphuric  acid,  with  which  it  forms  a  crimsoi)  Bolution. 

When  mncic  acid  is  heated,  carbonic  acid  and  water  are 
pellcd,  mid  a  ucw  mouobaaic  acid,  the  ^yromucic  tJlOjC^jH^OJ,  i 
aublimcd  in  delicate  needles  ; — 


aiUflh)  AoSd. 


Prnmnda  iMa.  CWboBto  AM. 


1  HO,C„H.O„=HO,C,„HA+CA+3  H.O.- 

Tyromueic  is  isomeric  with  pyromccoiiic  acid,  but  it  ia  dil 
tingnished  frum  this  body  by  the  formatiou  of  a  wtiite  iusolubl 
precipitate  wfaeu  added  to  a  solution  of  ftubacctate  of  lead. 

1i  mucic  arid  be  simply  boiled  iu  wntcr  fur  sumc  time, 
pasiies  into  an  isnmcric  variety  known  as  paramucic  acid,  which 
much  more  Mjlnble  iu  water  than  luucic  acid,  and  is  alra  froelj 
taken  up  by  alcohol ;  when  itn  aqueous  solution  is  evapoc 
paramncic  acid  is  left  in  quadrangular  tables. 

Tlie  action  of  polybosic  acids  upon  the  sugars  gives  rise  to 
remarkabte  series  of  bodies  nhich  we  elialt  describe  hereafter  (i  07^ 
The  prodiicbt  thus  obtained  lead  to  the  couclusion  tliat  glue 
belongs  to  the  class  of  polyatomic  aleohok. 


{  IL  OruEa  Solcble  StrssTAXCES  alliko  to  Siioar. 

(945)  Mannite  (C,,HjP,3  or  Ci„ll,.Oio  +  i  HO).— Tbu  ml 
Ktancc  coustitutCB  the  pnueipul  portion  of  the  drug  knovQ 
mania,  the  inspieentcd  saccharine  Juice  of  the  FVaainw  omiu, 
tree  nhicli  grows  abundutitly  in  Sicily  and  Calabriu.      Mauiiitc 
also  contained  in  considerable  qnantityin  cclcry,in  onious,aspars 
shootit,  and   in  crrtiiiu  kinds  of  fungi.     Stcubousc  also  found  i| 
largely  in   many  species   of  seaweed;  the /•UMiNfffta    sacchariK 
when  dried,  containing  i>»  much  m  i  2  or  13  [ler  cent,  of  niaunit 
It  is  likewise  a  coustitucut  of  the  juice  which   c&udcs  from  ma 
varieties  of  apple  and  pear-trees ;  and  it  is  always  formed  during  tl 
viacou-s  fermentation  of  sugar  to  which  the  juiec  of  the  beet-root  ■ 
particularly  liable ;  so  tliat  it  is  a  snhstance  which,  from  its 
tctuivc  distribution,  acquires  a  certain  degree  of  interest. 

Manuite  may  be  rcrudily  extracted  from  tlio  niauna  of 
Frasiuiui  omus  liy  digesting  it  in  hot  alcohol ;  as  the  soluUc 
cools,  the  Diauuitc  crystallizes  iu  tufta  of  sUky  quadrangular  priac 
It  fusca  at  about  320°  without  losing  weight,  forming  a  colouric 
liquid,  itbich,  on  cooling,  sohdifice  into  a  mass  of  radiated  cryst 
Maiiuilc  may  be  heated  iu  a  scaled  tuljc  to  480°  without 
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decomposition  ;  but  when  raised  in  the  open  air  to 

iaic  not  esccctiiug  400"  it  loses  vater,  and  a  Inrgp  portioa 

t«dintoa  nubatanec  Icrmtd  »KrHMi/a«p(C,.II„0,u),  which 

*.TTUp3rIiqmil  closely  analogous  to  glycerine  ;  it  baa  a  aweotisb 

It  h  insoluble  in  ether,  but  freely  soluble  in  wntet  And  to 

I :  if  exposed  to  the  nir  it  deliqiicjoes,  and  is  slowlj  rocon* 

«itli  assirnilalion  of  water  into  crystallized  mfumite; — 


Hiama*, 


MHaaliMW. 


iH'cefl 


C„H„0„  =  C„1I„0„+H,0.. 

|)bniutQ  ft  tot;  soluble  in  water :  it  bns  nn  agreeable  swi 
,  and  ts  cn»ily  diitiuguishDii  from  cuio  sugar  by  the  absence 
ny  durring  ttf'cct  wbcn  it  is  treated  willi  stilpliuric  acid  ;  in 
,  the  acid  comliinea  with  it  and  forms  suiphomanniiic  acid 
),C^ljO^SjOj).      Manaite    mu.y  also  bo  di»tinguiBhcd  from 
!  wgnr  witti    facility,  aince  it  does  not   become   bromi  whci^H 
with    alkaline    solntiona.      It    combine  with  boscx,  an^| 
ilm  Ittne  Ircely ;  this  solution  when  boiird  licconics  turbid, 
jurcipitale  is  re-diasoKed   as  ibc   liquid   cooIk.      Wlien  n 
btmtcd  aqueous   station  of  manuitc   is  mixed  vith  one  of 
aa^late  of  lead,  a  precipitate  (C„H,„0^,  4  PhO)  w 
i,  which  connitta  of  mnnnitc,  in  which  4  ntoma  of  oxide  of 
I  bir  displace)!  4  HO.      Solutiouo  of  nianiutd  do  not  rcdnoe 
:  llkiline  aolnlioo  of  tartrate  of  copper  wh«D  boiled  with  )^| 
^"^  boated  with  a  solution  of  the  nitrate  of  silver  they  pre- 
^AametaL     TLey  likeuiie  reduce  gold  ironi  a  solution  of 

I  la  forthRr  characteristically  di«tin^ishcd    from  trud^ 
want  of  rotatory*  |Kjvror  ujioti  a  ray  of  iiolarized  li^lit. 
prodnca  fiaccluric  and  osulic  acids  when  heated  witlt 
It  no  mncic  acid.     Mannttc  when  heated  with  the  fatty 
lie*  conipotinds  analugoiis  to  the  ftits  (1073}. 
generally  stated    lliat   maooitc  is  inatisccptihle  of  the 
farnientation,  and  it  certainly  docs  not  ferment  whm 
it  tnbtod  «ith  ycant;  but  Itcrtbelot  lias  Khowu  {Ann. 
,in.  I.  334)  that  if  a  solution  of  maunitc  be  maintained 
tcrkaU  a  temiiemturc  of  loo^F.  in  contact  with  chalky 
a  fjimnttty  of  poor  cheoe,  or  of  pancreatic  tissue,  aj| 
luie  atiskigoiu  azotised  matter  capable  of  acting  as  a  ferment, 
(vtially  fenncntabic,  a  quantity  of  alcohol,  varying  from 
5^  fior  cent,  of    tlio    weight  of   the  ronnnitc  used,  bci 
SnuiU   quantities  of  Inctic,  butyric,  and  acetic  acii 
ilkaHl  at   the  same  time,  and  carbonic  acid  and    hydn 
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gues  arc  liberated.     The  formatioa  of  tlcohol  from  manDtte 
be  represented  b^  the  equation, 

vo  Tolumes  of  carbonic  acid  being  liberated  Tor  each  voliir 
of  hj'drogcn,  The  fonaatiuii  of  lactic  add  maj  be  rcprceeot 
utill  more  aimply, 

G,ji„o„=i[iio.c„iiA)+JU- 

The  butyric  and  the  acetic  acids  are  scconclary  results  of  Uia< 
coiDpoHtion  of  the  lactic  add  (i  1 14)  nntl  of  the  oxidation  of 
nlvohol  {\oyii). 

Bertholot  states  that  ho  has  succeeded  in  converting  mannit 
into  a  variety  of  trne   so^r,  susceptible  of  fermentation 
jca»t,  by  (ligovttng  it  witli  wncraJ   inibstance»  of  organic   orij 
The  organic  body  ■with  which  he  succeeded  almo&t  uniformly 
prodaciiig  this  effect  was  the  tissue  of  the  testicle,  cither  of  mi 
or  of  ummals  KUch  a«  the  cock,  the  horse,  or  the  iog.     In 
ej()jerinieiit  a  solution  of  i    part  of  niaiiiiit«  in   10  of  water 
digested  at  a  tCRii>eruturc  of  70"  iu  au  open  tlask  upon  the  1 
tissue,  which  should  amount  to  about  .j'„th  of  the  waght  of 
inurinite   (both  estliiiiited  iu  the  dry  funii).      No   putrcfiietiou 
luouldiiiciiG  occiu^  if  the  n]ieratiou  1)0  successful,  and  iu  the  ooai 
of  a  few  weeks  the  tran^formatinu  i»  effected.      Tho  fragmcnta 
tcrticiilar  tissues,  if  reuiuvvd  to  a  frcnli  volution  of  niniinite,  (.'uDtiuu 
tbm  &ugBr>pnHluciiig  action  iu  tliia   fresh  solution.     In  a 
oases  as  much  as  f\-  of  the  mannite  employed  was  coiiTcrted  iut 
sugar.      This    sugar    resembles    glucose,   but    has   not   yet 
obtained  in  a  crystalline  form. 

Ghjcytrhi:in  (C^JIg^O,,,  Gorup  Beannez). — The  sweet  princii 
of  the  licjuorico  root  is  not  a  true  sugar,  for  it  is  not  susceptible ' 
fcrnicutatiou.  It  tiaa  a  strong  tcudeiicy  to  combine  with  ba 
and  it  forma  suhible  compounds  with  the  alkalies  and  alkalii 
earths.  It  is  usually  obtaiued  by  adding  an  acid  toaconccutrat 
decoction  of  liquorice  root,  wasbiug  the  precipitate  with  cold  wat« 
voA  disHiilving  it  in  nlcohol ;  on  evajmrating  thia  solution, 
glycyrrliiiiiu  is  left  111  the  form  of  a  brilliiuit,  transptrcul,  browi 
mass,  whicli  is  spanogly  soluble  In  cnid  water,  especially  if  acid^ 
Iflted.  It  is  more  soluble  in  hot  wntcr,  but  its  proper  solvent 
alcohol.  The  solution  hus  a  sncet  taste,  leaving  u  disagr 
bitterness  upon  the  palate.  If  boiled  for  some  hours  with  bydt 
chloric  acid  glycyrrhiziii  splits  into  a  brownish  resin  and  gtucoi 
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Duwiiig   tnblo   oontftUM  it  summaiy  of  the  leading  c1iii> 

of  the  principal  varieties  of  sugar,  iiicluiliu;;  ttiusp  of  a  few 

HOC  rubttincea  of  less  impurtancH. — tiz.,  Irehahse,  mclczilose, 

JnleUe,  qmerrUe,  %ot\j*SMite,  irluch  it  triU  bo  uuucccss&iy  to 

ore  nitDiitdjr. 

Sugars  aad  mme  ailird  BqHks, 


I  ruwTiPiii,  rxorunu. 

CfTSMlIbei  in  tiaj  or  ilxiddttd  ilwabaUal  jriwM  i«  ret7 
wliiWeiD*al(r,lMMitnilit(it«iIoaliot— ■p.n-.  i-fr— fiiaw«(*tuut 
( }W'  F. — U  DOT  pCKiipltaUd  b>  antwwMa  of  lead,  liat  ii  to  bjr  u 
MBumfaal  talBtiaB  of  ac«lal«  of  iMd— <Imh  bM  rad««  hs  illu* 
tiM  MlstiMi  of  UrUftU  of  Mppar  ca  iQiliog— prwlota  i-i^/- 
haaiM  T«4j>IJ0D  — 7j''8, — uajaripo  atoobulio  fonoNitaktion  iviUi 

JIlMtMi^— villi  lutrie  acid  fielda  MOciurit  and  bxilie  Bcidi. 


■Qivcnit 


b  Mt  cijittUiublt — i*  soluble  !■  dllnta  alcohol— 4s  nat  pro- 
dpUated  by  aBbaectatc  of  lB*d — ndnew  an  Alkalina  wtlutian  i)f 
tkrtnw  of  eappa  bj  boit>ng~i>ro(luMa  Ufi-'^aAvA  rcULian  =  l6* 
■I  "4*  F. — an4i>n{ij«*  •twbdlii  rvrmanMiva  witli  j(»ul-^tnnu 
lirasa  wbo)    b^at«il    vilb  alknttca— !■  paitlallj    couiorMd    tut« 

I       CiTitallin*  id  ralM  vt  iqiive  UUm-^  Ian  laliiblt  in  «ster 

\  tlwa  Mae  lasat,  bui  utam  iu1uIj1«  ia  aleolial — 7i»bl«  >  iirc«[ut&U 

,      vilh  uiiaiukiuiU  Mtai*'  -A  I«hl — i«du«c*  tattretc  oriMtniib  ruul 

'    eopiwri  Mill  lb*  ulU  uf  »<r>:u>]r,  idltv,  aud  fulil   «li«i   UiiIhI 
•  ^  wvu   Umio — bribcnU  iraflilj  witU  ycoct — prodn«si  n^Ar-biuulod 
r«tM»iti  ~{(°'4 — bvMiuiiia  bivmi  when  tmaltil  *ith  BlbjUisii — 
wtUi  nluk  licU  jUldi  Hcohario  and  ouUg  oeUa. 


OjittSbitt  b  fout'tUed  prinna — ii  Imb  aolubl*  In  wnter  t^n 

tni»  «ie>r — U  i<rarl]r  iniukN*  ia  aloubul  ani  otbcr^it  |>rKip«- 

lad  fr^  ill  aolatiaiu  b;  UMDimlnadiiwtaMof  lowl — rodncca  tb« 

lu  of  eopi*T,  litTar,  asd  iDMcnry  itbmi  Its  iiUE«liTie  aohititoi  ■■ 

l-cdlvj  wivli  Ibam — prwluMH  n'^^-kindci]  rolal'iuii  ^j(i°'4 — i>  nol 

UlncU;  nuKvptiblt  uf  klnbdlis    hnaenUition— ia  conictivi  inU 

. '  'iinm  tiy  liratis|  biUi  dilute  aciii* — jielilk  nueic  aiiil  unlio  eoids 

ilk  aUlicaiil 

Cr7nallb«>  ia  brilliuil  ractaDpiWvclolwIn — prMlncce  ngilf- 

,    .(..1   <..i.L,.K   -Mso°— if  bMlad  C|uic]d;  it  fuwa  ki  111*,  kmI 

■y^nnirnlfiTT — U  tot;  toloUc  in  vntpt,  kad  in 

-jl;  aohibU  iii  mM  alcobal  niiil  vll>vr— Uprv- 

.ibBx-ciw^  ecMat*  of  Ictd — doca  not  icdufo  the  tar> 

,      T  ud  poUak  b;  b«nt — ftnaenU  alewlr  noil  Jinpcr* 

)-;  ^lli  jimt— jifMs  glacuB!  when  Inktud  *rith  ^qM  adds — 

m  oei  gho  inncic  vitb  nitric  adil. 


d< 


Or]r«lallM«e  lu  rhcnUo  prtimi    wctW  at  iii*,  and  at  i€6* 
ii^m  ;  -'    .       '  ' '  'xoMe  ealid— roaj'  be  Iinlod  wfiboul  dtaain]ii)' 
I'  a  it  mtiU  Bjcftiu— 1»  taol;  falnUn  in  vaUr, 

.'i^.l»i|_^«eii  tiot  ndncv  an  alkaline  aolatlen  of 
.  r^z-hftuiM  niialloD  a  193'— with  nUriv 


Cr;itaJIiM«  h  ttuat,  Itinl,  (SoraBDMit  rlmnbulU 
H  rerj  nalublu  ia  ir«l«r— »|utiiclj  acdoblo  ia  ahoM, 
or  oatil—lmtnlable  io  otkv— Iim  a  mmtncM  abont  Um 
— fuM*  at  :){a'— i*  pnrifntaud  Ij  lamuiiiacal  iMlaH 
■IMA  not  radow  Ike  aJkiltne  urttnu  of  onttpa—tni 
kkiid*d  ntttion  •^  o^*-!— ftnoaBbi  villi  difGetUtr— tii 
wben  hMil«d  with  ^Ittta  aeiib'^TM  M  nMit  Mil  i 
aei<i 


MelitOM, 

from  the 
Sucalfptu*. 


•tigbll;  (aliiblo  (n  aloihal  —  U  tMbl;  avMt  —  ntlto 
«al«r  Dt  360* — ififlili  s  pn(^|nUI«  'lUi  aiuxmol 
load — il«*>i  nbt  rvl  iii.'V  »d  Lll^Iint  ti>l3ti.i(i  at  laruaM  < 
Hnt*  Kv^'-londtil  routinn  «ioi' — andnina  aloifa 
tatiou  iriLli  jritut.  at  ibe  tan*  limi  lialf  Ifat  ts^u  t 
in  su  nrifertD«utabIe  fans  M  BumIjtb — furnlibMai 
nitrit  bM— li  IHtU  afoM  t?  UUIIm. 


tai  t«dii«cB  tlic  klkalJB*  UttiaM  otaappn  vhce  ixila 
prvJuc**  rriyAr -hanJpJ  rolalMo  «  alMnt  ja' — U  oal 
alwhollc:  fcFiuaiUlIoa  villi  yaait — b#eoniM  bmim  «I 
«itta  allulict— ia  nut  aJtertd  tf  WiUii|  with  diJow  kU 


CijuUlSw«  ia  oiil«li«U«  viU  a  mbingnla 
iraUr — Dsart;  iofolable  in  ilndiol — tfi.fr.  ■-65-'iall 
niit  1(ua  nf  wci^t— (Itm  a  aklltt  |in>:l|>>uu  riih 
antUU  «f  inJ — redun-i  the  alliRlinr  nlilua  <4  tarM 
an  he«tli)8  it  with  It — omuidu*  f^-bawkdrMaUan 
not  forme ntalilo  vitli  ytust— b«MnM  faron  wfcn 
alkali M—r>')<b  ■  red  ■'Inllun  oilli  mI  ot  vitokJ— JH I 
oxalio  aoid  iij  "ilrio  aeid. 


0>7«tall>»*  in  tadtotfd  tufto— la  (ulvM*  la    .  _ 
In  aUolnU  alouhal  sud  «Ui  tr— Imw  •rahv  I7  bta), 
41a*— baa  no  routor?  pOTtr  on  puluiMd  tI#lil-tlvM 
iho  atkaliao  tartnte  of  copper  vhcii  boiled  wii*  < 
lHJeiA  aleohallo  ronmilaiioa,  but  afth  rtj< 
lactic  Mid  bntjrik  Mlda— (aoot  ■licml  bj  bu^ 
or  alkallna— Cum*  a  pfHJpM«i«  with  anunoDlMal 


CiT»alllMi  ia  ntkt  anhr.lrooa  r>nir.oi<](cl  »..„.- 
IB  «M«r  M>d  alMbul-fMoi  at  ita'—^tim  a  prod 
amncaiiaoal  ocotaU  of  Ind— rrdatn  tie  alwofiU*! 
kMI— iIdm  not  ndocc  tli«  alkaliao  utWtXt  o(  mfflq 
■ritfc  it — einta  •«  nXMvfx  povn-  nf  poIiiriMd  tisM~i 
rcrmeiiUMD— ■Ub  aitrlc  arid  jiMt  «at>'liM(-  and  on 
Mialde  «iibc»t  cotMalioa  la  »il  tf  rUhuI,  anil  la  iJ 
lioua. 


in  tread  ntsMacnu  oTrtalt  of  Ifc 

'-  '?  In  valor  ud  !■  altuli'o!  -fniMal 

'-  Ilk  annMluU  aMtat«  .i  ImJ — dw 

Uic  iilLJi^i,  U;Vtt«<if  oonNc— TicUt  MKBtia  a«|M 
Mid— 1«  t>:«  fmn-'ni.-itil-. 


tnll^ 


1 

i 


■  norei. 


(VjrMlUiM  h  Inupwttit  piiM«»— In  nlabla  in  voUr  andJ 
ililale  aloobol— U  (nnUe  »l  410°— <kMa  nM  ndiKC  Uuf  aUaUM'] 
Mnnlo  «f  npper— la  ncl  ren&entable  b7j>Mii— H  wlnMc  wl^knlj 
dtn|*  of  Mbv  b  oil  of  *llrio]  uul  ia  Ibi  alluliet— jruMi  nxmlie^ 
Msd  with  bUiu!  add. 


(VviUltiNa  (low)*  ia  lunl  b*aii*ph«Tlcft1  ndlaUd  iihhmm — Iim 
n  i.'-r  •-<:((  taxU — iBTtrj  iolnlilc  In  TaUT—sparinftlj  10  is  alo»- ' 
\  il— ^Hi-i  a  |irK!pitiit«  williuaiDaiUKal  BorlatA  of  lead — dots  out 
^vilnm  the  ^kalliio  tftrtnU  tt  CDppn — Bp.  ^.  ffi — prodoow 
rCykl-bmadiei  ntotioD— b  not  lenneliUibU — (iiM«  btlcnr  480" — 
dM  but  jUld  nwU  with  nilrk  Mid. 


t. 


f' 


(  m.  Vakibties  op  Sukcd  akd  Gck. 

Srjuicn  {C„H,(,0„^.— The  terra  j/arrA,  or  aiaylaceotu 
V  Of  freultt,  in    applied    to  an  organizwl    sulioUiiice  wbicli 

ia  nrandod  or  ova]  (^rjin-t  iu  tlie  i.'(.-)lu1nr  tissue  of  cprtaiit 
If  plinti.  It  is  met  vith  in  great  Abundance  in  alt  dicoty. 
m  Kiilfl,  particnlBrly  in  tliosR  of  Icg^aminouti  pkuls,  riicIi  as 
ad  Ixans.  The  monoccl^tcilonuus  sixAa  of  the  Cerealia  or 
ribe  ctiDtain  it  etiU  more  Ui^clj :  it  is  ako  abundant  in  the 

of  tbc  potato,  in  the  roota  of  the  tapiocn  »nd  arrow-rootj 
n^mriirtj'  of  other  plants.  On  examining  the  grains  of 
^■b  A  tnaguirjriiig  poircr  of  3C0  or  400  di&DQCtcrA,  tbey 
^pi  CDQtist  of  flntttncd  ovate  grannies,  which  in  tlic  enmc 
Pi  (olerBbljr  unifDrni  in  aisc^  hut  nliidi  rarjr  iu  magnitude 
neat  species  nf  plants,  ttio!>c  of  tlie  canaa^  or  ioita  Us  m<nt. 


'^    ^ 


i>5^'  (i^ML*^"^  i'. -t^  of  Bt*  "'^li  >Q  diameter;  thasp 
kUO  adOIVwbat  smaller,  but  the  gmina  become  larger 
S 
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ns  the  age  of  the  plant  increases ;  those  of  tlic  arrov>root,  No.! 
do  not  cicecd  r',»tl>  of  an  inch ;  tboac  of  wheat  btarchj  No.] 
arc  mote  circular,  and  about  •pa'sath  of  an  inch  in  rlinmc'tcr,  aii 
do  not  eshiliit  rings;  those  of  rioe.  No.  4,  are  angular  and  oftt 
adherent  to  each  other ;  they  do  not  uauuUy  exceed  the  xi^j^th  1 
an  inch,  whilst  those  contuined  in  the  cells  of  the  bcct-root  M 
still  jininllcr.  1 

Each  of  the  larger  pruiiw  cihibits  a  scries  of  coiicciitric  ringj 
some  observers  consider  this  appearance  to  indicate  that  they  hai 
hecn  formed  by  &  deposition  of  8iiccc»»ivc  layers  of  ctarchy  mattj 
irithin  an  external  envelope;  Busk,  bcltevca  that  the  rings  n 
occasioned  by  a  [ilicatioa  of  the  envelope  ilsetf :  in  many  inatana 
the  hilum,  or  su[>po«cd  point  of  attachment  of  the  grain  to  IH 
celluhir  tissue  of  the  plant  from  which  it  wax  dcreloped,  J 
distinctly  perceptible,  as  ahonn  at  a,  a,  fig.  358,  j 

The  structure  of  the  grains  of  starch  is  very  bcnutifully  dtl 
played  by  placing  some  of  them  in  contact  with  a  drop  of  cod 
ccDtratcd  aolutiuu  of  cliloride  of  zinc  (tinged  nitli  a  liulc  ftf 
iodine),  on  the  field  of  the  microscope.  No  change  takca  plafll 
in  the  grannies  until  a  little  water  in  added.  They  then  beeom 
of  a  deep  blue  colour,  and  gradually  expand ;  nt  first  a  frill-liU 
plicated  marjfin  i»  developed  araund  the  globule;  by  degrees  th] 
o|)cus  out ;  the  plic&tionii  upon  the  globule  may  then  be  seen  slowf 
unfolding,  and  may  Ik  traced  in  many  canes  into  the  rugic  of  tn 
frill ;  tdtimiitidy  the  gratLulea  ttwell  up  to  zo  or  jo  tiiiiKt  thd 
original  bulk,  and  present  the  appearance  of  a  flaccid  aac.  Durlii 
IhcHc  changes  no  extrusion  of  nnything  within  the  gmnulea  I 
observed  to  take  place  (Bvwt,  Quart.  Jour.  Microacojiical  SocitU 
rol.  i.).  ] 

The  grains  of  potato  utarcb,  if  illuminated  by  polarized  li»1n 
with  a  Nicol's  prism  interposed  between  the  object  and  the  eyq 
prc&ent  a  well-marked  black  cross,  the  ccTitrc  of  nliieli  corrc«[x>nd 
nitb  the  bilum.  'N^'hcu  wheat  starch  is  eiibjeeted  lo  a  simiu 
test,  this  cross  is  uot  perceptible ;  its  presence  may  therefore  ij 
of  service  as  a  raeans  of  diatiiigninhiiig  the  fraudulent  addition  d 
potato  starch  or  flour  to  wheat  flour.  I 

Pivjirrtiet. — Aa  sold  in  the  phops,  starch  exhibits  the  appCQll 
■lice  ofa  white  gllatening  powder,  or  of  columnar  masses  trbtch  afl 
easily  reduced  to  powder ;  when  pressed  l>ctireen  the  fingcn  I 
emits  a  peculiar  »onnd,  and  produces  a  certain  feeling  of  elasticin 
Starch  i^  heavier  than  water.  It  is  insoluble  in  cold  natal 
alcohol,  and  ether.  If  placed  in  a  solution  of  Hoda  or  of  potaaH 
vhich  contains  2  per  cent,  or  upwards  of  alkali,  the  granules  a 
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ft&rcb  Kwcll  np  and  become  convertnl  into  a  tcnttcious  jxistc.  A 
ntxtarc  of  surch  and  water  may  be  {ircscrred  without  ultcnttioii 
at  ordiaarr  temperatures  for  no  iDdcfiiittc period;  but  it  uudcrgoc* 
a  teourtahle  cimiige  vhen  heated  to  a  t«mpemturc  a  little  above 
140°  F.  Under  tiiesc  circumstances  the  exterior  layer  of  the  giaii- 
nlet  absorbs  water,  the  graios  vwell  up,  and  llic  mixture  suddenly 
aHaron  a  viscous,  |ia»ty  condition,  in  which  form  it  is  cxtcufiivdy 
employed  by  lauudrvsKS  for  Ntitrcniug  liucn.  If  thiit  paste  be 
]«ri;cly  diluted  nith  water,  the  swollen  granules  of  the  ataivlisluvly 
mbside^  whilst  n  certain  ijnautitr  of  amyliK-euus  matter  remains  iQ 
kolutiou.  The  starch  paste  tbm  obtained  does  not,  when  cvnpor> 
ated,  rccorer  ita  former  insolubility,  It»  solutions  arc  precipitated 
)ir  alcohol,  and  the  ]in.'cipitiite  may  be  rediMolved  by  the  unmc- 
dtalv  lulditiun  of  water  ;  hut  after  a  few  hours  the  llocculi  become 
more  coherent  and  are  uo  longer  soluble  in  eold  water,  A 
•olatioa  of  starch  produces  rigbt-luuided  rotation  of  a  pokmod 
ny. 

It  is  remarkable,  that  if  starcli  l»  boiled  under  pressure,  at 
atxrat  300",  with  from  5  to  15  timc»  ita  weight  of  water,  a  thin 
nhitioo  is  obtained,  which  may  he  fiiCGred  from  the  iuioluble 
purtioo  ;  this  liquid,  as  it  cools,  deposits  minute  spberical  granules, 
wkich,  wticii  dried,  have  the  whiteness  of  starch  without  iU  glivj 
-tenia-  appearance.  These  granules  arc  sparingly  soluble  in  ooldl 
inter,  bnt  are  reailily  dissolved  when  the  water  is  raised  to  158^ 
orupttards.  lodiue  ttiige«  tliem  blue,  aud  alcohol  cauvoa  a  prcci< 
fitate  when  added  to  their  luiueous  iiolutiou. 

When  dry  starch  ia  heated  sufliciently,  it  liecomcs  soluble  in 

IcdU  water,  Bud  forms  a  ropy  sulutiun  mueli  resembling  gnm  in 

Epoperties.     The  gr»ins  of  aiibydrous  starch    may  be   ht>ute<l   to 

Uxi^  vjthout  liecomiiig  solubLe,  but  at  400'^  the  chatigc  is  com- 

iphtc  in  the  counK  of  an  hour  or  two.     Coiniuercinl  starch,  on 

j  the  cuiittary,  from  the  water  which   it   rctaius,  is  rciulerL-d   com- 

Iflctelr  aolubic  by  rnising  the  torapemture  suddenly  to  310°,  and 

jDtainins  it  at  this  point  for  i>onie  time.     The  change  produced 

I  in  thc»e  cases  consists   iu    the   formation  of  a  substance   isomeric 

starch,  which  is  termed  dcstrin.     This  «olablc  torrefied  starch 

lit  ktH>WQ  under  the  niunc  of  British  gum,  and  constitutes  the 

Ui»gomme  of  the  French  manufacturers  ;  it  is  largely  employed  by 

Cilico  printers  for  mixing  with  their  colours,  in  order  to  giro  them 

tlir  r«|Qiaitc  consistence. 

Uko  most  orgauiied  »tractflre»,  starch  appears  to  retain  as  ao 
iwential  component  a  small  quantity  of  saline  matter,  consisting 
putl;  of  potash  J  Mid  it  likewt«e  contains  a  perceptible  amount  of 
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some  azotiseil  coiajiound,  which  is  present  chlcflj  in  the  tcgiimt 
of  the  graias  (Jo^qudain). 

A  suhition  cf  tannic  acid  ocCBsiona  a  pn.*cipitate   in  one 
etarcli.     ^VlieD  a  dilute  solutiou  of  »tarch  is  mixed  wiili  ouc  of  1 
ammoniacal  acctatv  of  Kail,  an  insoluble  compound  with  oxl^e 
lead  (CijHgO^a  ?hO)  is  formed.     Stareh  may  he  recoffiiised  win 
preisc-iit,  l>y  the  deep  blue  colour  wUicb  it  acquirer  ou  the  ndditi^ 
of  frco  iodine  to  iU  Molutioii  ;  tbis  colour  disappears  if  the  solutiq 
be  heated,  but  it  reappears  as  the  liquid  cools  {331  J.     Ff  Ijoiled  »}( 
diluted    sulphuric   ucld,  starch    quickly  lost-s    its   viscidity,  and 
ultimatclv'  converted  into  glucose.      Before  the  tran&fonnation 
complete,  it  passes  through  the  Rftine  modification  that  cxi*t« 
British  gum,  wliich  has  reccivctl   the  name  of  dextriu,  from 
properly  of  causing    the   rotation  of  a  polarized    ray  from  left 
right.     A  aolulion  of  ntarch  docs  not  ferment  with  ycaet;  bl 
"Bcrthdcit  ohtaiuedos  much  as  1^  per  cent,  of  its  weight  of  ale 
when  it  was  exposed  for  several  weeks  at  a  temperature  of  ico®  F. 
contact  with  cha.tk  and  cheese :  no  sugar  could  be  detected  in 
liigtiid  during  this  process;  probably  because  it   was  dccom[ 
as  fa»t  as  it  was  formed. 

Prtfaraliott. — In  the  extraction  of  starch  from  the  vcgelablj 
in  wliicli  it  is  contained,  advantage  is  taken  of  its  iasolubility 
void  wulcr. 

I.  Potato  Starch. — ^Thia  variety  is  prepared   on  a  large 
from  potatocit,  which  contain  about  ao  per  cent,  of  nniylnccon 
mutter;  the  cellular  tiMsuc  of  the  tuber  docs  not  exceed  i  pcrccni 
of  the  mass,  whilst  of  the  reinaindor,  about  y6  per  cent,  conui 
of  vatcr,  and    the  icst  of  snintl  quantities    of  sup^,  »a\ts,  at 
azutiscd  matters.*     In  order  tu  extract  the  starch,  the  tubers  1 
first   freed   from  adhering  earth    b^  a  thorough  waidiing,  and 
then  rasped  by  macliinery.     The  piilp  thus  obtained  is  receii't 
Tinon  a  sicTc,  and  is  waHlied  cuntinHoiisly  by  a  gentle  stream 
'water,  »o  long  m  the  washings  run   through   milky.     This  mill 
lieu  is  duelo  the  granule*  of  «tarcb  which  are  held  in  suspension 


*  Tlio  fGlloninj*,  nccording  to  Boussiogsull,  is  the  average  oompoutioa 4 
tlic  tubprs  of  the  pulalo : — 


Wntor    .    . 

Albuniea  . 
Oily  Matter 
Fibre  .  . 
Starch  .  . 
SaUa.    .    . 


Uoiw. 
75"9 

O'a 

acra 

I'O 


o-S 


lopo 
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Tiie  milky  liquid  u  rcccivL-d  into  vats,  id  vhich  the  amylaceous 
nutter  is  Rllowed  to  subside;  the  supcruatant  water  is  dran-n  ofl^ 
and  tbe  depcwit  is  repeatedly  washed  with  Trcsh  water  utitil  the 
railings  arc  no  longer  coloured.  Thr  starch  is  then  suKpcmdcd  in 
a  ftioall  portion  of  water,  run  through  a  fine  siere  to  keep  hai^ 
toy  portions  of  und,  and  nf>er  having  been  a^in  allowed  to 
Ktilc,  tA  dnuDcd  in  baskets  lined  with  ticking :  the  ma»  is  then 
placed  aj>on  a  poroiitt  floor  of  half-liaked  tiles,  and  dried  in  a 
cttrrent  of  air,  which  is  at  first  of  the  natural  temperature ;  thoJ 
drring  is  comxtU'tcd  by  the  application  of  a  moderate  arliiiciaU 
heat.  I 

i.  IVJuat  Starch. — A  finer  species  of  etsreli  is  obtained   iroeal 
Ihe  grains  of  the  Ctreatia,  in  the  preparation  of  which  irhcat  ill 
lu^ly  employed.     lu  niakiug  wheat  starch  a  more  complicated 
proceM  is  ncccssarr,  for  in  this  grain  the  starch,  which  amounts  toj 
iiBiriy  60  per  cent,  of  the  whole,  is  neeompanied  vtilh  an  azotiaed'l 
Duicrisl  termed  gluteu  (967),  aoaouutiug  to  firom  14  to  19  per 
ecuL  of  the    weight  of  the  grain,  which   also  contains  a  cc-rtalaj 
qoautity  of  cclltdar  tissue  andof  sagar.     The  grain  i.s  first  oDunelyl 
groiuid  and  wetted  with  water.     After  the  lapse  of  three  or  four 
days  ii   begins  to  fennent,  and    is  then  transferred   to  a  large  vat 
where  it  is  miscd  with  an  additional  quautity  of  water,  and  the  fer- 
mcnlstion  is  alloa-cd  to  proceed  for  three  or  four  weeks.     During 
this  operation  the  glntcn  undergnea  putrefaction,  the  sugar  and  partlj 
(if  the  «tarch  become  converted  into  alcohol,  and  carbonic  acid  ill 
ntrfTcd,  while  the  fermenting  mass  emits  a  powerful  putrescent 
mIout.      a  portion  ofthculcohol  and  of  the  KtarE'hl>(»M>me  converted 
btoacetic  and  lactic  acids,  uhich  dissolve  that  portion  of  the  gluten 
that  has  eseai»d  putrefaction,  and  thim  tlie  starch  is  ntrpamted  from 
tlic  mntcrinU  by  which  it  was  uccompanicil  in  the  grain.      It  is  then 
Kpeatolly  washed,  drained,  and  dried,  as  before.     The  blocks  into 
■Uch  it  is  diiided  in  order  to  fiieilitate  tbe  desiccation,  shrink 
ifaifing  the  drying  Into  columnar  fragments,  which  are  readily  ptd- 
Toated  by  gentle  pressure. 

3.  FUee  Starch. — In  the  foregoing  method  of  preparing  starch 
frotn  wheat,  much  of  the  amylaceous  matter  is  wasted,  ttie 
^vbole  of  the  gfuton  14  lost,  and  the  operation  is  attended  with 
■the  (wntinual  evolution  of  gases  of  an  offensive  odour,  which  are 
Vtbc  source  nf  aunoyance  to  the  neighbourhood  in  nliich  the  mana- 
^Uaeture  is  carried  on.  Thc»e  inconveiueucea  were  overcome  l>y 
HUr.  O.  Joaes,  who,  in  tlui  year  1840,  took  out  a  patent  for  the 
'^maniiiafture  of  ."tnrcb,  by  a  method  which  he  applied  particularly 
to  rice,  ifaough   it   may  be  u«ed  with  other  cereal  grains.      L'n- 
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dried  rice  contains  aliont  83  per  ceut.  of  atarol),  (tnil  about  n 
per  cent,  of  gluten.  The  proccs*  of  Mr.  Jones  coiisistJi  in  sen 
rating  tlicfc  two  mntcriaU  bymctuiB  ofa  very  ucnk  tiolution  ofall:^ 
which  dissolves  the  glutcti,  but  leaves  the  starch  graniilea  nnd 
tereil : — loolb.  of  rice  in  the  form  of  grain  are  macerated  in  ■ 
gallons  of  u  solutiou  containing  ^^-.-.th  of  its  weight  of  caustic  wdfl 
allcr  the  Inp^'C  of  24  hours  the  »Ikalinc  litjuid  is  drami  off,  and  til 
rice  u  nllowcd  to  draiu ;  a  frc«b  portion  of  alkaline  iey  is  graduall 
added  whilst  the  rico  is  being  ground  into  a  pane.  It  is  tha 
digested  in  the  ley  for  2+  Iionni  louger,  with  frcqncot  agitation 
at  the  end  of  tliQt  time  the  librous  matter  of  the  grain,  nhieh  I 
heavier  than  the  fine  grains  of  starch,  is  easily  freed  froot  ta 
latter,  by  slirriiig  uji  the  wliole  vfith  water,  allomng  the  mixtofl 
to  rest  for  nn  hour,  during  which  time  the  vegetable  fibre  atibHidd 
and  thru  running  off  the  milk)'  liquid  into  a  se|iariite  vessel,  whefl 
the  starch  is  deposited;  fiiiEtlly  tlm  aLarch  is  washed,  mixed  vifl 
a  little  8inalt,  to  give  it  the  blue  tiogc  preferred  in  the  mdrkel 
drained,  and  dried  in  the  usual  mnnncr.  The  liquid  nhicb  ttou 
above  the  slarch  in  turbid,  has  a  yellow  colour,  and  conlnius  tfl 
gluten  of  the  grain  in  solution.  From  thi«  liquid  the  gluten  md 
be  rccoTcn-d  hy  carefully  neutralising  the  solution  with  sulphura 
add.  Starch,  in  the  form  iu  which  it  iu  usually  sold,  retains  alx>n 
18  per  cent,  of  water.  In  order  to  render  it  anhydrous,  it  shouM 
be  dried  in  rncwo,  at  a  temperature  of  160°.  I 

Of fter sources  0/ Starch. — If,  during  tbc  preparaliou  of  starcq 
the  temperature  employed  10  its  dcsieeation  be  raiwd  to  140**,  | 
traniiparcnt  jelly  is  produced,  which,  ivbcn  dry,  ia  no  longer  farinl 
CC0U8,  but  oiMiumcs  tbc  form  of  scmitransparent  gruiiuU-s,  Saffl 
is  the  fccula  obtained  from  the  pilh  of  the  »ago  palm  by  makiM 
it  into  a  pn«tc  vith  water,  mid  premising  the  roixturc  through  1 
pcrfuraled  metallic  plate;  the  little  cylinders  thus  Dlttainod  u 
granulated  hy  placiiij^  (hem  in  a  revolving  ve»-'<ct :  these  are  tlui 
CTCpoRcd  upon  ft  sieve  to  a  jet  of  steam,  and  subrequcntly  driod 
Tapioca  is  the  starch  of  the  Jatropha  mani/191,  which  is  prc««a| 
through  a  eoliuider,  nnd  dried  upon  a  metallic  plate  heated  tu  2tm 
It  in  thus  formed  into  granular,  semitrausparcnt,  irregular  massM 
Arrow  root  is  the  starcli  of  the  root  of  the  Maranla  artutm 
naceOf  and  of  one  or  two  other  tropical  pliinls.  Haltp  iu  tfl 
name  given  to  tliat  yielded  hy  the  Orchis  maseula.  I 

The  occnrrciiee  of  starch  ha«  been  supposed  not  to  be  confiiil 
to  the  vi^ctttblc  kingdom.     Crannies  of  a  sub&tauce,  which,  afn 
hcing  tuoittened   with  oil  of  vitriol,  becomes  blue  on  the  addiciia 
:of  iudiue,  have  been  found  tu  tltc  brain;  in  certain  cases  j 
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rKTofutoits  caries  tlic  liver  asKumcs  the  pcaiHar  hard,  ectnitraiis* 
Ipucnt^  waji;  sppeuraiicv,  detcribcd  by  I)r.  (J.  Biidd,  and  a  similai- 
[d^Diit  has  bcGQ  found  in  the  kidney  in  the  siuiic  caKcs.  The 
Btion  of  small  quautities  of  this  material  in  the  animal  tissues, 
neu  io  health,  is  not  iiDcominon.  Thi«  ootnpouod  is,  however, 
,  not  tnir  Ntarcli,  hut  ia  azottsed  ta  c»mp(»ition.  It  docs  not  ^icld 
'  sugar  triitia  hratcd  with  icids,  or  aaj  of  the  characteristic  products 
uf  starch. 

(947J  J)iattiue. — During  the  gortnlnation  of  seeds  the  starch 

goes  i  species  of  fertucaUttiuii,  aud  is  courcrtcd  into  a  mixture 

lof  dextrin  and  sugar,  ia  which  state  it  is  assimilated  by  the  youujj 

llkool.     This  cotiventioit  is  iluc  to  the  nctioii  of  a  peculiar  ferment 

[lennei]  diattaae,  uihich  exists  iu  all  germinating  seeds  during  the 

of  growth,  being  probably  merely  albumea  or  gluten  in  a 

ptrtunhu*  stage  uf  decom position.      An  impure  wohitioii  of  diastase 

may  be  readily  obtained  from  malt  or  freshly-jermiuatcd  barley 

by  griiuliag  it,  taoibteniog  it  with  half  its  weight  of  vana  water, 

I  lUowiug  it  to  stand  for  a  few  minutes,  and  pressing  out  the  liquid. 

Malt  doca  not  contain  more  than  y,',„th  of  its  weight  of  diastase. 

Ooe  part  of  this  substance  suQices  to  convert  sooo  parts  of  starch 

lato  dextrin   and   sugar  (Persoz  and   Payen) ;  the  temporal urc  of 

ijo°  K.  is  most  faronrtible  to  the  change;  tkcdia«tasc  is  coagulated 

itabonC  170^,  above  which  point  this  oonvemioii  is  arretted. 

IxMig  liefofc  the  discovery  of  diastase,  the  distillers  hatl  found 

tbi  by  mixing  n  portion  of  unmalted   barley  with  their  tnalt,  and 

£gati»g  the  uixtun!  in  warm  water  for  some  hours,  tliey  obtained 

•n  iuAieiun  or  wort  equally  sweet  with  that  furnished  by  au  equal 

*t1gbt  of  ujsJt:    1  part  of  malt   liaviug  the  power  to  chinige  into 

ilatrin  and  augur  the  starch  contained  in  4  or  5  parts  of  barley. 

Now  unmallcd  biirtcy  contains  but  very  little  sugar,  whcrcaa  after 

It  lui  bccit    lualted   the  pivportion  of  sugar  ta  mncli   iucrtw^ed, 

iriiilit  tluU  of  the  starch  is  diminished.     Mnit  is  simply  barley 

i  allowed  10  yerniiiiatc  up  to  a  ccrlain  point,  afier  which  its  growth 

It  suddenly  elitrcked   by  the  application  of  heat ;  and  it  contuinx  a 

niKuderable  quantity  of  diastase  which  has  not  been  expended  in 

Uh  uouvcruon  of  its  starch  into  sugar.     When    the  mixture  of 

pvund  malt  and   barley  is  digeitted    with   water,  or   matlieU,  this 

eueu  of  dinstasc  act«  upon  the  stnrcii  of  the  unmalted   barley, 

rertiog  it  into  a  mixture  of  dcxtria  and  sugar;**  a  saccharine 


i     •  Ifittiinlni  liu  iboWB  [Ann.  JU  Ciiimie,  Til.  h.  ao^  t)ut  only  oae-third 

~'''  '    I     '<  '^om  tliti  i'uaT(.*niou  into  tiiKar,  tau'lliinls  rfnuunin^  in 

I.     In  thr  prcparaiion  Qf  meet  wwrt  for  iluf  ilutilWr,  il  is 

•.•iici^i'  ;iiiiLj  uiu/e  ceopoiniou  u>  tninluainalled  Wloj  with  diluted  stt'- 
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liquid  is  tliDS  olitainecl  which  is  susceptible  of  fermeutatiou. 
preparation  of  such  a  sveet  wort  i»  tbc  first  st«p  io  the  process  i 
hrcwiiig.      In  miiltcd  bnr)c;r  this  Miccbariftotioii  oftbe  sIatcIi 
already  taken  place  duriu-;  tlie  act  or  germiaatiou,  and  sjmii 
dtgcetion  in  water  extracts  tbc  eugar.     Uut  ainoc  ntvr  barley 
less  cxpCQHivt:  tlian  malt,  a  ccrtoia  quantity  of   it  i*  often  «ul 
stitubtd  for  a  portion  of  the  germiuutccl  grain  1)y  titc  distillur,  «li 
sometimes  adds  aa  much  as  4  parts  of  uiimalted  grain  to  i 
malt,  and  thus  cfTccts  a  coofidcmblc  pecuniary  Mnviog. 

(948)  j4clion   of  Fermenla.  —  The  exact  manner   in   «t 
diastaae  acts  in  produciug  this  ainguUr  cfaaoge  a  unkDonrn, 
the  same  may  he  said  of  the   mode   iu   which  sugar   i»  coiivei 
into  nlcohol  and  cnrbonic  acid   through  the  intervention  of; 
These  actions,  however,  exhibit  cousidtTabic  analog-  with 
other,  and  are  connected  in  some  way  with  the  dcconi  position 
the  mutter  scrring  aa  a  fermeat.      Moist  yca»t  niid  moist  diast 
both  very  rapidly  undergo  alteration.     Diafitaae,  nbeu  iu  a  state  < 
decomposition,  however,  produces  changes  on  other  matter  cntir 
distinct   from  the  tranafbrmatiou  of  starch  into  dextrin  ;    and 
eiamination  of  thRse  changes  has  thrown  considerable  light  on 
olwcure  subject  of  ferments  in  general. 

It  has  alreiuly  been  tttnted  that  if  fitaroh  be  acted  on  for  soi 
time   by  diastase,  it  la  partially  converted  into  sugar,  but  in 
certain  stage  of  its  decomposition  diastase   may  give  rt»v  to 
duct«  of  a  diffitrt'iit  kind  : — An  infusion  of  malt  if  kept  for  a 
days  converts  the  starch  into  guro  instead  of  into  sugar  ;  at  otl 
limes  mannite  is  formed  ;  in  other  cases  the  starch  is  con%'( 
first  into  sugar,  and   this  compound  is  then  mpiilly  tra»»form( 
into  lactic  acid  ;  whilst  the  same  infusion,  at  a  still  later  period 
its  dccompoi^tiou,  becomes  turbid,  au<l  acquires  the  power  of  1 
citing  the  alcoholic  fermentation.     These  observations  iudical 
tbat  the  same  body  during  its  difTerent  slates  of  decay  may  gii 
rise  to  the  fonualiou  of  pi-oducts  quite  different  in  properties 
«ach  olUcr,  though  all  these  products,  except  mannite,  have  tl 
«ame  ultimate  conij>0!!>ition.      Ilcucc   it  lion   been   concluded,  tbi 
the  formation  of  each  of  these  coui])OundE  corresponds  to  a 
ticular  phase  of  decay  iu  the  ferment,  attended,  probably,  with, 
devolojitncut    of  fungi   or   organibios  of  a  kind   vuryiug,   in 
l>articul&r  atagc,  with  the  products  obtained  :  and  it  has 


i>|turioacid,  and  boil  (93S),*out<)  cUauE«tlio  vholcortlic^larcltioloicIuGC 
Tlio  acul  uiii  thvn  b«  iwulnliu-d  vritb  chalk,  aiid  tlie  liiitiid,  strained  feom  1 
hoska,  can  afterwards  bo  fermeated  aad  distilUd  a^osuid. 


^^^^^r  ACTioM   or  TEtLlStVn.. 

W(d  tlttl  tbe  moleculnr  coastihitiOQ  or  all  bodies  in  contact 
Wk»  bmeat,  providcil  that  they  be  sufeoeptibic  of  cbangc, 
KpW  ulleraUotui  definite  in  tltcir  nnlurc^  and  ilcpcndcut  upou 
Mmilur  ando  of  di'composilioa  which  the  ferment  is  itsdf 
BtMUg.  If  this  explanation  he  admittetl,  it  is  day  Ut  sec 
BlBun}-  ioatauces  the  (irodtict«of  fcrmcutatiou  arc  of  a  mon> 
Pb  uiud  nature,  acconting  as  the  ferment  itself  has  piiwed 
|M|ti  Bora  or  fiiwcr  phases  of  it3  tlooompmitioD. 

ilt  wbttiinoe*  miuccptibk;  ofputrcfactivt;  dccompotitioa — such 
iJwiB,  albnmtn,  inucoua  mcmhrane,  muocular  tissue,  and  tho 
Bauid  uotiBed  princiinlca  of  plants — m&y  act  as  fermrnla  : 
Fv,  they  iiiar  indiit-c  ik-compositiou  of  a  particular  kind,  in 
■M—likc  iugar,  starch,  mkAj  and  rarioiui  otliers — which  undergo 
>  dtSigc  nnlnM  »ome  ngeut  suMieptible  of  putrcfHction  be  era* 
pB.  All  the»«  BxotiKi.-il  putrcscible  Bubstancxs  f€»tes»  oertuiu 
|>t>n  ill  common  uhiUt  they  are  undergoing  putrefaction  ; 
Ladt  of  them  i»  susceptible  of  certain  phases  of  dcconipo»ition 
^btrioilscU'.  For cxamptc, the  synaptasc  of  the  almond  (1341) 
I  ipau  starch  aud  au^^ar  in  a  «ay  re^aihliiig  Ibat  in  which 
H  toil  gluten  act,  couv^ting  Ktaicli  into  ^ngar,  and  sugar  into 
>M  »i]  carlwitic  acid ;  but  it  has,  in  addition,  the  peculiar 
psif,  not  pniattuicd  hy  yuut  or  gluten,  of  coiivcrtnig  nm^gdiilin 
KbjdrOL^aaic  acid  nod  essential  oil  of  bitter  oltuuuds,  uiid  uleo 
Bfivs  salicin  into  saligeuiu  and  sugar  (1271). 
^p  obMu-wotiuns  of  Schrudvr  {Livbi^t  Annul,  cxx.  35,  and 
Bfj)  apui  the  prucesMm  of  ferineiitatiou  and  putrvfaeliuu  arc 
^pbl&  Ue  has  6liowu  that  anj  on^iiic  litpiid  may  Ik  prc- 
HfriMi  fermciitiug^  or  putn^jing^  if  it  bv  heated  under  preK-niire 
Ht  lM°,  then  troniiferrcd  to  a  flask  and  buik-d,  the  mouth 
Hla»k  being  pltij^ged  whilst  boiling  with  a  [lellet  of  coUon 
B  la  thi*  way  be  preserved,  daring  a  hot  cummer,  Turions 
Ktoelwlitig  fn»hly  boiled  wort,  hluod,  white  of  cg^,  whey, 
F'  i  milk  ;  but  when  afler^mrdathe  plug  of  cotton  waa 

iL'^-',  ■  t-'juids  in  a  fow  days  began  to  undergo  dccunijM- 

Bi     II'  -  '  these  retnltf  by  supposing  that  the  sporea  of 

hsaioiini  must  find  act^csa  to  Uie  iwibstance  iu  order  to  set 
VfitDtcsi  of  decomposition ;  by  a  temperature  of  260^  any 
^■m  which  the  flu)>titAnce  itself  might  contain  arc  destroyed, 
■  <  i-  filtered  through  the  coUon  before  it  reaches  tbc 

fc-r.  .>.<-  (ImV,  none  of  thcac  organic  germs  can  afterwardii 
Hhow*  lr>  thf  hody  pndiii*  experiment.  I  have  repeated 
^H^-'  ts  nilh  completo  auccesa. 

wfr^'T"'"^""  '/-Wa"- — tfpou  the  proper  managcoicntof 
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the    process  of  mftltiuf;  mucli  of  the  sueocM  of  tbe  subscqi 
brewing  dcpcncls.     Tlir  Kea»on!i  most  farouniblc  fur  malting : 
tpring  Bud  iiulumii,  when  tlie  temfwrature  la  ui^itlier  very  higli 
very  low,     Tlic  liailcy  first  undergoes  the  opcratiou  of  eteepii 
This  i»  effected  in  stone  iroiiglis,  where  the  grain  is  covered  iri 
water  tu  a  depth  of  ubuut  6  inchi^s.     The  lij^hter  «od  decaj'ed  i 
fioAt,  atid  arc  skimmvd  off,  whilst   the  sound  grain,  being 
tliiin  the  water,  subsides.    The  steeping  is  eoiitiDued  until  thei 
becomes  uaifornily  soft,  and  this  uecupirs  gcuendly  froui  40  to 
hours,   the  water  being  changed  twice  or  tlirice.       During  tl 
Btage,  the  barley  swelU  considerably  from  the  moisture  which 
imbibes,  and  increases  iti  weight  nearly  oiie-luilf.      After  a 
washlnj^  it   is  drained  and    then    coached,  or  placed  in  heaps 
about    15  inches  in  hcii^bt  upon  the  floor.       In    these  heaps - 
bccomeiv  warm,  and  continues  to  swell  for  the  next  twciity-fol 
honra :    hy  thiii    time    it    lifp^ins  to  sprout ;    as  soon  as  the 
whitish   protuberance    &how«    itself,  the    heap*    are  evenly 
tributcd  over  tbc  floor  of  a  darkened  apartment,  and  the  pr 
termed   nceating   follows.      In   this  state  it  in  allowed   to  rei 
several  days,  usually  fourteen ;  the  workmcu  taming  it  twice 
thrice  daily  with  wooflen  shovels.     This  step  is  employed  for 
purpose  of  equalizing  tbc  heat,  iu  order  that  the  process  of  gen 
nation   may  proceed  at  all   (loiut^  with  equal   rapidity.      By  tl 
manipulation    the    temperature  is  maintaiucd  at  a  puiut  varyi| 
between  35°  and    63".        In  from  10  to  20  days,  uceordiug 
tile    licat  of   the  weather,  tin-  genniiiatiou  i»  coni]dctc  ;    and 
soon  as  the  radicle  or  aeroapire,  as  the  maltster  calls  it,  has  st 
to  the  length  of  about  half  an  inch,  when  it  bifurcatm,  and  just 
tba  pluinula  or  Iciif-fhoot  i»  aljuut  to  nnike  ittt  appearance^ 
ritftlity  of  the  seed  is  cxtinguiBhed  by  rapidly  drj-ing  the 
In  order  to  effect  this  object,  the  malt  is  spread,  to  the  de[ 
of  about   2\    inchcH,  upon    ^oon    made    of   pt^rforated    tneti 
plates.       Here  it  is   left  to   dry  in  a  current  of  air  for  sol 
hours,  at  a  temperature  not  exccediug  90* ;  at  the  end  of  this  til 
a  fire  itt  lighted  undemeutli.       It    is  ucecKntry  that    tbc  great 
part  of  the  moisture    be    expelled    before    the  fire  be  kindle 
aftcrwardit    the    heat   is  allowed    to  rise  gradii.illy,    hut  not 
exceed  140°,  otherwise  the  starch  of   the  gnviii   wyuUl    be  act 
OD,  and  much  of  iLe  diastase  would  lose  its  efficacy.     Hi^h  dr 
malt  is  subjected  to  a  much  higher  tem|»erature,  and  is  actus 
ecorchcd  on  the  outside.     Such  malt,  however,  i&  used  only 
small  ijuautity  as  a  colouring  ingredient,  to  give  tlie   customs 
deep  brown  tinge  to  porter.     During  tUe  drying,  wbich  occuj 


days,  tbc  grain  requires  frefineiit  stirring,  in  onlcr 
uxatioD  may  Inkc  pbcc  r^ubrly.  Ikrley  generally 
I  Ao  jwr  cent,  of  tnalc  iifler  ilryittg  oiiil  »i/liu;{  fro'ii  tlio 
&ccor<lirig  to  Thomson,  i  z  per  cent  of  tliitt  lo8«  is  due 
lulf  8  per  CRnt.  t»eing  actually  irastud  in  the  form  of 
111  BDil  trimmings,  During  the  gcmiinatioo,  oxygen  is 
id  «  large  (quantity  of  carbonic  *fM\  \»  iwt  nt  li)i(;rty. 
IS,  sucb  a»  vlicut,  03tM,  rye,  lind  eveu  Indian  corn,  may 
W  Mjicricnci;  bas  i«bown  tbat  barley  is  tUc  grain  best 
llii»  [Nroceas.  It  yidfU  tlie  largest  quantity  of  <Iia6t»ae, 
lisdoei  uot  exceed  ■y}rsXh.  of  Ibe  weight  of  the  grain, 
appears  to  he  dcvclopcil  at  the  cxpcucti  of  tbc  azotiMd 
of  the  grain.  It  b  generated  chiefly  in  the  neigh- 
the  young  germ,  not  of  the  rootlet. 

to  the  cx[)crinicut&  of  Lawvs,   loo  purts  of  dry 

22  of  mall,  and  3'99  of  malt  and  kiln  dust.      It  is 

tlut  the  malt  duKt,  consii^tiii^  chiedy  uf  the  radicles  of 

ofT  with  it  B  great  deal  of  tbc  nitrogen  of  the 

ntiitg   to  nearly  onc<iiinib  of  the  entire  quantity  con- 

le  bu'li'v.     The  loss  in  uitroj^  which  barley  snilenj 

oomertt'il  into  malt  hsca  to  ns  much  as  13*3  per  cunt. 

quaulity  uf  nitrogen  contained    in    100   jiarts    uf  dry 

iw«  found    the  nitrogen  iu  the  barley  to  antuuut  to 

L  of  the  weight  of  tbc  dry  grain  -,  that  contained  in 

I'^o  per  cent. 


(C^ll„0,o)  is  a  tranjipftrcnt,  brittle  solid,  with 
m.  It  in  wilublc  in  wuti^r  and  iu  dilute  aleoliol, 
Inble  hi  anhydrous  alcohol  or  in  ether ;  wood  spirit 
freely.  ])cxtrin  ut  distinguiiihod  by  producing  right- 
aonupon  n  my  uf  pohiniccd  light,  and  it  derive^  it»  name 
operty.  It  differs  froin  starch  in  not  yielding  &t\j 
loa  with  ioOinc ;  and  Irom  gum  by  tbe  fact  that  a 
trxtrin,  wltdi  nilxetl  with  pota-th,  forms  a  beautiful  bhio 
t)i<-  addiliou  of  stdplmte  of  copper,  which,  on  boiling, 
UEide  of  copper ;  wbiUt  no  snch  elTcct  is  produced  with 
Wit  *u»ci'publc  of  fermentation.  Nitric  acid  convert* 
oxalic,  uot  into  mucic  acid.  Payen  has  contrived  a 
prqjaring  deitrin  ou  a  large  Kcalt,  which  cuiisists 
o  parta  of  atarch  with  3  of  water  rontaintug  T-{-.;th 
trie  acid. allowing  tbe  tni:iture  tixlry  apontaiieously. 
Ilie  starch  upon  slielvcs  iu  layers  of  an  inch  and 
I,  KDii  beating  them  for  an  hour  or  an  hour  ami 
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a-half  in  an  oven  to  about  340*^.  Dextrin  is  likrwiw  largely  ma 
facturcd  in  r  more  strongly  coloured  form  by  healing  ittArcli  to 
about  4CO°  (p.  99],  nhen  it  irielda  British  gum.  It  uiay  also  la 
obtained  by  beatiug  au  iufu&iou  of  groiiud  malt  in  water  to  iflJ 
mid  adding  starch  in  »mall  quantttice  at  a  timej  as  »ood  aa  til 
starch  b  dissolved  the  liquid  ia  rapidly  heated  to  212^,  61terea 
and  evaporated,  with  coustant  agitation,  imtil  it  has  acquired! 
nyrupy  consistence.  When  a  solutiou  of  dextrin  Is  mixed  trifl 
one  of  ammoitiacttl  huuc  aoetate  of  lead,  it  forma  an  insoluble  prfl 
dpitate  couHtstiug,  accordtug  to  Payeu,  of  2  PbO,CigiI,^Ojo.        I 

(951)  Inulis  [CjjHgiOjj ;  Paincll). — The  roots  of  many  plana 
among  which  arc  those  of  the  dahlia,  plccampanc  {Inula  helenhani 
colcliicwm,  daiideUon,  and  chicory,  contain  a  \ariety  of  starch,  U 
wliicih  the  name  of  inutin  has  been  given.  It  is  a  white,  pulvcrulcuS 
inodorouK,  ta«tclcM  powder,  initoliiblc  in  alcohol,  sparingly  soluUtj 
in  cold  water,  hut  readily  so  in  boiling  water,  from  which  it  I 
deposited  again  on  cooling  iu  a  pulverulcut  form.  Its  aolutia 
produces  IclV-handcd  rotation  upon  a  ray  of  poIariKi'd  light.  Si 
long  Iiuilitig  it  aKi^iimcii  thr  cbaracteiB  of  gum.  If  hi-atcfl  beyoiO 
m"  it  melts,  gives  olT  irutcr,  and  leaves  a  scaly,  sweetish,  gumm 
mass,  which  ia  readily  soluble  in  water.  Iodine  tarns  inulu 
yellow.  Hy  boiling  with  dilute  acids  it  is  converted  firet  inn 
dextrin,  and  tlicn  into  gra])c  sugar.  If  heated  with  nitric  acid  a 
the  concentrated  form,  it  ia  converted  into  oxalic  acid.  It  fonoj 
an  insoluble  precipitate  when  its  solution  i«  mixed  with  one  fl 
uci-tatc  of  Icitd  and  ammonia  is  added.  In  this  manner  Parnu 
obtained  two  different  compounds,  which  when  dried  at  ats 
contained,  C,,H,Pi^3  PbO,  and  Cj,U,iO,j.5  PbO.  I 

(952)  Gvu  is  found  in  the  juicca  of  almost  all  plants,  tmtl 
met  with  in  its  purest  form  iu  transparent  tearH,  which  exude  fral 
various  species  of  acacia.  Gum  arable  may  be  taken  as  its  typi 
This  variety  of  gum  is  frctiueiitly  described  under  the  name  d 
Arabia  (C,,Hj(0,^).  It  is  Holuble  in  water,  forming  a  tasteletl 
ropy,  nmcilaginons  liquid,  which  from  its  adhesive  quality  oftql 
forms  a  useful  sabntitute  for  paste  or  glue.  A  solution  of  gal 
arable  produce*  leA-baudc<l  rotation  of  apolarixed  ray.  It  is  nd 
susceptible  of  the  alcoholic  fermeutation  inidcr  the  inlluoDce  ■ 
yeast ;  but,  if  digested  with  cheese  and  chalk,  it  may  he  made  1 
fumi»b  olcobol,  which  amounted,  in  one  ospcrimcut,  to  li  pi 
cent,  of  the  gum  employetl :  lactate  of  lime  ia  formed  at  tlic  aaq 
timCj  but  no  fonuation  of  sugar  is  i)cree(>tiblc  (Bcrthelot).  i 
sotutioD  of  arabin  is  prediHtatcd  by  alcohol  and  by  ether  in  who 
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,t^  if  dilute,  ill  the  form  of  a  milky  turbidity.     Tf  boitcd 

Aitttfi  nil^iburic  acid,  it  is  grotluBlly  converted  first  into 

,ud   tlicii   iuto  a   fprroeiibiWe    varit-tj- of  «ugar ;  conccn- 

Initnc  add  converts  it  iuto  mucic  aud  oiuJic  svids,  slioiring 

to  sn^r  nf  milk  id  this  rcapcct :  Iodine  does  not  slter 

It    fi>nn»  M>lii1tle   comiwundtt  villi   the  nlkalics   and 

eeiftlu  ;  a  sdlutiou  of  gum  is  not  precipitated  hy  admixture 

liolntioiia  of  alum,  )>rotochl»ridc  of  tin,  the  persalts  of  iron, 

'  of  copper,  or  nitrnt«,  or  neutral  acetate  of  lend  ;  but  when 

000  of  ammoDtucal  acetate  of  load  tt  produecs  &  nurdjr 

ite(PbO,C,gH,,0,)).    Some  other  metallic  ealta,  such  a«  the 

'  of  the  grey  and  r«l  o\idcof  iiicrc«ry,id!(0[)recipitat<:  it«so1a- 

ihe  pfccii>itatc  ia  redissolved  by  aa  excess  of  the  mctallio 

fUmeilarre  or  beuorm  (C,jlI,QO,g)  is  a  modilkntion  of  gum 

[i  '   UIc  in  •'atcr  J  but,  whci»  miMKtcMcil  with  this  liquid 

■c  ...:■>  agelutioous  mass.     It  ia  coiitaiucd  abuudantly  in 

itngBCantli,  and  aooompaniet  the  gum  irhich  exudes  from  the 

troo.     Many  sccd»,  such  an  litiKred,  quinec-»<.'cd,  and  iM?rtsun 

(neb  n«   tliase  of  tlie   marsh-mallow,   fUrnish   it  in    lai^e 

alkaliea  raider  :t  soluble   id   water,  and    couvert    it 

:  ^m  ;  long  boiling  In  vrntcr  bas  a  similar  cflect.    Nitric 

vcrt»   it   iuto  tnuric  and  oxalic  actdit.      Bastorin,  m   con- 

an  infosion  of  lituet-d,  is  proeipitated  by  alcohol,  nitrate 

:  of  mercurr,  corrosive  sublimate,  and  by  neutral  acetate, 

ate  of  lead. 

nriutt-i  kiudii  of  mucilage  froiu  diflereot  plants,  however, 

Kttne  differeucee  in  their  reactions; — tints,  qtiincc-sced* 

taucila^  which  yield*  oxalic  itcid  only,  whou  treated  with 

moreorer,  it  »  coltmrod  blue  wheu  moistened  with  oil 

dI  ronUiniug  iodine,  and  n  solution  of  iodine  in  indido  of 

tpudufsa  in  a  few  daf»  a  IxMiutiful  red  tint ;   the  muciltige  of 

.  ii  aot  so  ouloored  by  either  of  the  a^jcuts  last  uamed. 


.1  I'...  ^j^„|,|[    Jellv    (formerly   cnllml  pfciin). — Another 

'I,  like    starch    and  giito,  extensively  pon'adcs  tho 

.  lit  tliat  peculiar  body  vhicb  gives  to  the  juice 

AH-. '•••-••{.    fruits  and    rootx  the  faculty  of  gclutinizin^, 

6nt  called  attention  to  this  sulstauee  under  the  name 

l,^dia  .  it  Ua«  since  been  particularly  «tudied  by  Nfuldcr  and 

«b~-  ■    --'-l   by  Frcmy  (Aitn.  dc   Chiuue,  III.,  xxiv.  5) 

^j  .11  to  the  rijieiung  of  fruits. 

to  the  iatt-meulioned  chemist,  the  ccllalar  tissue  of 
1 1  of  turnips,  carrots,  parsnips,  &c.,  contains  a  8ub- 

--^^  ijB  jy !■- -^  jctftftt,  aud  ■IticU  '\A  quite  iiuolublc  Id 
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water,  alcohol,  &qA  ctlicr.  It  is  the  mnt«ml  vludi  pn 
hantiicns  to  grei-n  fruUfr,  and  it  posbchscb  the  charactcrulii 
petty  uf  becoming  cotivertct],  iiixJer  th«  luflueuce  of  dilute 
aided  bj  a  gcutle  bcut,  into  pectin. 

Pectin  may  be  obtainnl  frora  the  juice  of  ripe  pears  or 
by  Ihrowing   i!owu  tbc  lime  wliit-b  Uier  contain  by   tlw 
ailditioQ  of  oxalic  acid,  aud  Ihm  additij;  &  coucentr&ted  soldi 
tannin  so  long  aa  it  occasions  a  prcdpitatc  ;  the  albumen  i 
coagiilutcdj  und  mny  li«  Keparatcd  by  flitnitioti.     On  oditingi 
to  the  clear  liquid,  the   pectin  u   throvru  down  in  the  fi 
gelatinous  strings.      If  this  precipitately  redissotved  in  cxiM 
und  again  prcdpiljitcd  bjr  alcohol,  it   may  he  oljtaitied    to) 
pure  :  when  dry  it  forms  a  friable  mass,  which  ia  aoluhle  in 
hat  insoluble  in  alcohol  and  in  ether.     Iti  aqueous  solution  ii 
what  vitouiia:  it   girux  a  gelatinous   precipitate  n'hcu    niu 
basil!  acetate  of  lead,  hut  none  vttb   the  neutral  acetate  ( 
metal.      I'cctiu  exert*  no  action  on  polariiH-d  light     \Vlien 
nitli  u'atcr  it  lo«cit  U%  vlicooity,  and  booomnt  ronvcrtod 
naodifieation  (parapectm),  nhich  oocasioua  a  precipitate  in  u 
of  neutral  acetate  of  lead.     If  boiled  with  dilute  acidft,  ad 
t-ubsluucc  (titetaj/ictin)  i»  formed,  which    occii»iou8    a   {■ 
when   miml  with  a  tiolution  of  chloride  of  l>arium,  ovfll 
liquid  \k  Bomewbut  acid.  ^ 

Ftciic  acid  (a  IlO.CjjIIjnOa, ;  Fremy).~All  the  above  W 
tiou»  of  [lectin  arc  rapidly  ixiiiverleditito  pecticactd  by  hcitu 
with  a  solution  of  acaustic  alkali, or  of  au  alkaline  cariioq 
Ijcing  taken  to  avoid  any  excess  of  the  alkali.  Fectic 
cliaroctcrixcd  by  it»  gelatiuou*  nature,  vrlience,  indeed,  it 
its  aanie  [bom  tiiktiq,  a  jelly).  It  forms  soluble  conipnut 
the  alkalies,  but  they  do  not  crystallifx  ;  the  other  pecb 
insoluble.  Peclic  acid  in  likewise  »oliihle  in  many  of  tli^ 
the  alkalies.  It  h  mwt  caaily  ohtaiuvd  by  boiling  the  wafl 
of  carrcitA  or  turnip)  in  a  weak  Kilulion  of  carbonate  fl 
pectatc  of  wmU  ill  thiu  forDie<l  by  the  action  of  the  a]C| 
the  inoolnble  pcotcse  contained  ia  tbo  vegetable  tLtiue; 
mixing  the  solution  with  chlondc  of  calcium,  a  gelatinoua 
of  lime  is  precipitated.  Tbi»  nhea  well  wuxhcd  and  Ire^ 
dilute  bydrocldoric  acid,  to  reraoTe  the  lime,  furuitdiea  vM 
as  a  transparpnt  iuKilublr  jelly.  I 

If  tliio  jelly  be  long  biiiled  with  water  it  ia  gradually  a 
and*B  dcliquesei-nt  uticrVEtalliaaUe  acid  is  ihc  result  (jmb 
(irid),  which  yields  a  precipitate  with  chlnridc  of  toiriura. 
pcctic  ncid    in   it»   turn,  when    treated  with   nlktilics,  pM 
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Ill 


J  it  Is  no  longer  prmpitablc  by  chloride  of  bariom,  iWugli 
itMi  k  prcipitato  irhli  subaixtatc  of  Icud. 
iaoriinf  U)  Frcmy,  pcctlii  Lt  wtHK-cptiblc  of  a  specific  fcrmen- 
■,  prmlMeii  liy  u  [irt!u!iftr  subwance  wbich  is  present  in  tbc 
Itf  tiiov.  of  the  rcgctalilc.  This  cliangc  is  not  attended  by 
liiwDj^agcinciit  of  gns.  Hut  Him|ily  by  the  couver»ian  of  tho 
^\r  •f.-iin  into  two  gclaiinoua  acicU,  which  arc  ituoluble  in 
!  /  thcae  acids  be  terms  pectosic  acid.       It  U  almost 

iu  coI<l   wBter,  but  becomes  dissolved  by  boiling  iriitcr, 
gelatiniKcs  on  cooling.      Thin  nxid  appears  to  be 
iu  the  first  instance,  but  it  graduikUy  pa»cs  into 
whicb   i»  the  pwtic  ncid  already  described;    the  g:ela- 
of  tiiaiiy  juices  of  finiits  arises    from  tbe  gradtiol  cud- 
of  the  t)cx;tiu    which  they  contain  into  these  gelatinoui 
;iositioti  of  these  gelntiDoits  IxtdicH  cannot  be  raid 
1  with  certainty  ;  since  there  i»  no  means  of  deter- 
iclhcr  or  not  tbey  have  becu  prepared  iu  s  pure  condition, 
cvy  to  procure  tbciu  in  a  nniromi    state   of  desiccation. 
cr  may  (»e    the  true  con)[x>attiou  of  thew3  bolictt,  it  is 
pectoM  ia  readily  »tuceptible  of  mudilicaliou  under  the 
kdds,  of  alkalies,  nnd  of  a  peculiar  fcrincut  contained 
nr  fruit   itM^lf^  am)   thc»r  modifications  nn>  probably 
with  tbe  acsimilation  or  scjKiratioa  of  the  elemimts  of 
one  of  these  compounds  exert  any  rotatory  action  u|)ori 
^bt,  A  cbaracter  vrbicli  indicates  sn  important  molecular 
bi-twecn  them  and    the  class  of  HUf^nrs.       AH   these 
bodies,  it  may  t)c  obscrvt^d,  contain  oxygen  iu  lar^r 
n  would   hv  rcqninKl  to  convert  tbcir  bydrogcut  iittu 
treated  with  nitric  acid  they  furnish  mucic  and 


signs  to  these  difTcrcnt   bodies  the  compofition  g^ven 
jnng  table,  but  tbe  formulic  require  confirmation: — 


lAoU 


>Add 


Oomnocitioa  unlinown. 

ji3o,c..n_„n„4-  uo 


I7ot  ^Ultnoiu. 
Vincou*. 
Kot  KeUtioous. 
Not  j^slinoufi. 
Gclntinous. 
tii'latinuns. 
Jlot  gfUtinou*. 
£iot  golaiiuous. 


^  IV.  Crlloum  and  Wootir  Pcbbe, 

LtTLi-v.  or  Ctixri,o«B  (Cj^H^O^). — If  a  thin  ^lice 
^cxatuiaccl  under  tbe  microscope,  it  is  immvdintdy 
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vitter,  alcohol,  aut)  ctlicr.     It  is  the  niaterial  wludi  git 
)i&rclucM  to  grccii  fniiu,  and  it  poMC«ses  the  characterivtie] 
pprty  uT  liecomiiig  (K)ti verted,  under  tlie  infiucQce  of  dilote  ' 
»tttcii  br  a  gciillc  heat,  into  pcctiu. 

Pfctin  iQsy  be  obtained  from  the  jaicc  of  rijie  pcftn  or 
1)y  throwing  dovn  the  lime  which  they  contain  bjr  tb« 
additiuti  of  oxalic  acid,  aud  tlicu  ndding  a  oonceoiratcd  m>1 
tannin  so  long  a»  it  occasions  a  prccipttoto  ;  the  albumen  il 
coAgtiIatcd,  tknd  mnylK!  !t«i>arfltcd  liy  liltrntton.     On  adding  i 
to  the  clear  liquid,  the    {lecliu  ia   thruwii  donn  in  the 
gclatianiia  strings.     If  this  precipitate  be  rcdtssoked  in  coU' 
and  Ojjaiik  prccipitntt^d  by  alcohnl,  it   may  he   ohtiiiiicd    tc 
pure :  when  dry  it  formal  a  friable  mass,  which  is  sulublo 
hut  inaoluhlc  in  alcohol  and  in  ctlicr.     It«  aqucoiw  solution  i»l 
•what  viiiooijs:  it  gives  a  gelatinous  preoipitatc  when    mixcd^ 
hasic  acetate  of  lead,  hut  uoiie  with   the  neutral  atTtala  of'J 
metal.     Pectin  exerts  no  action  on  polnriuxl  light.      When 
with  water  it  loses  it*  viaooaity,  and  bccoincs  couvcrted  id 
luodilicatioo  (parapectin),  wiiich  occasions  a  precipitate  in  ai 
of  neutral  acetate  uf  lead,     K  botlcd  with  dilute  acids,  an 
subatancc  [melitpeclin)  is  formed,  which    occusiont    a    pr 
vhen  mixed  witli  s  solution  of  cliluride  of  bariomj  cvi-u 
liquid  be  ooracwhat  acid. 

PccllcacU{-i  IIO.Cj.IIjPj,;  Frcmy).— AUthcahorei 
ti«n»  of  pectin  arc  mpidly  converted  into  peetic  acid  by  bciDj 
with  a  eolutJon  of  a  caustic  alkali,  or  of  an  alkuJinc  carhoii 
iM'iii^  taken   to  avoid  any  cxce;s«  of  the  alksli.       PectioJ 
cbaracterized    fay  its  gelatinoua  nature,  whence,  indeed, 
its  name  [Dioin  iriticrK.  a  jell;}'     U  funnns  aolnble  com] 
the  atkslics,  hut    they  do    uot   ciystalliae ;  the  other    jm 
iuwluhle.     Pectic  ncid  i-"  likewise  Boliible  in  muny  of  tt 
the  alkaliee.     It  is  moot  eaaily  obtaiued  hy  boiling  the  va 
of  carrot*  or  tiirnip»  in  a  weak  sobilioii  of   c&rlwnate 
jK-ctatc  of  soda  is  thus  formed   by  the  notion  of  tho  al 
the  insoluble  pcctose  contained  iu  Che  vegetable  tisnog 
mixing  the  solution  with  clilonde  of  calcium,  a  ^• 
of  lime  i«  precipitated.     Tliis  when  well  wa*hcd  -.i-. 
dilate  hydroclJorlc  acid,  to  rcmore  tlie  liiut^  fumi&bcs 
at  a  Irnii'pui'cnt  InBolnblr  jcHy. 

If  tl)i9  jelly  l>e  long  biiilcd  with  water  it  in  ^aduallv  dti 
aod'a  dcliqiicscmt  uncrystallisablc  ncid  b  the  mnit 
ocitl),  which  yields  a  precipitate  vh\i  ehtoriilcr  of  tiaril 
pcctic  arid    in   itw   turn,  when   treiilrd   with   nlkaltee, 
^Quothct  uncrrataltit^lc 


VJBirriKa  op  pectic  acid. 


Ill 


i;  it  Is  no  longer  pre«ipitablc  by  chloride  of  barium,  titongh 

(■precipitate  with  8ub«ci:tutc  oflcnd, 

l-^odtDj;  lo  Ffctnj-,  ])ectiti  i»  ftu-ti^rptiblcufn  specific  rcrmcn* 

Nluced  bv  a  jtcculinr  Bubxtnucc  wliicb  iis  prcspiit  in  tlic 

ac  of  the  regcta])Ic.     Thia  change  is  not  attended  by 

li{a|rinacnL  of  gax,  hat  aim^ilv  Uy  the  coitvemon  of  the 

liu  into  two  gclatii\ot»  acids,  vliich  are  insoluble  in 

r:  ao«  of  thtse  acidn  lie  terms  pectotic  acid.       It  is  almost 

Jr  in  cold   wbUt,  hut  bceomea  diwolvcti  bjr  boiling  water, 

Ulf^  y.nnxd  gcIatiuizcK  ou  cooling.      This  aciil  appeare  to  he 

cd  in  the  tir«t  inataooo,  bnt  it  gradiinll;  parses  into 

ud,    wlitch    i«  the  HW^tic  acid    already  JtTscribed  ;    the;   gcla- 

bf  tnau/  juices  of  fruits  arises    from  the  gradual  con- 

tfac  pectin    wliich  tlicy  coDtaia  into  these  gelatinous 

;>tMitioii  of  tlicae  gelatiaouH  1>odlc!i  cmnint  Iw  !>&id 

1  wilh  certainty;  since  there  ia  no  ncaos  of  tlctcr- 

bether  or  not  they  have  been  prepared  in  a  pure  condition, 
to  procure  thvdi  !ii  ■  uniform   Ktalc  of  dvsicctttiou, 
iret  may  be  the  true  compoAitioD  of  these  bodies,  it  is 
pectOM  is  readily  tiQiccptiblc  of  modification  under  the 
[of  acid«,  of  alkalto,  and  of  a  pcculinr  fcrincut  contained 
it  or  fruit   il«<^if ;  and   these  mcxliricalioiut  are  pnthiiMy 
with   the  assimilation  or  teparation  of  the  eletuents  of 
a  of  these  compounds  exert  any  rotatory  nctlon  upon 
-.  .,^at,  adutractcr  which  iiidicatea  an  iiujtortant  molecnlar 
between  litem  and    the  elnas  of  sugnrs.       All   theso 
ibodic.0,  it  may  he  olHcncd,  coutaia  oxygen  in  larger 
bo  rc()Mii'cd  to  conrert  their  hydrogen  into 
with  nitric  leid  they  furnish  mucie  and 


•Bsigiu  lo  tbcsc  difTcFcnt   bodies  the  eompoaition  ^ven 
sviDg  table,  hut  the  furmulte  require  eoiifiriuatiou : — 


Ad 


Cotit]K>«il!oa  unVnown. 

111"  ■.+    BO 

iU'  I.I.  .  :..^  t^ 

jHO.Ci,HiO; 


^ot  gcUlinoiu. 
Vittoouj. 
2iot  gelatinous. 
Nol  |(«Iatinoui. 
Grliilmotm. 
Gelatinous. 
Jiot  gclaliaou), 
Hot  gclBlioouii. 


{    IV.    CXLLULIK   A«D    WOODV    FlBBE. 

[cn-tous,  or  Ckixvlose  {C„H„pJ,— Tf  a  thin  Mice 
aamincd   onder  the  microscope,  it  is  immedialcly 


PECTtK^PECTIC  JlCrO.  ^^^^^H 

water,  alcohol,  and  ctber.  It  i«  ttie  muteriol  wtucb  giull 
Itardticss  to  gi'cvn  friiita,  nnd  It  [imkcmcs  ibe  clmntctnruiid 
|)crty  of  f)ecomiiig  iKtiuortP^,  under  tke  iafiitence  of  dilute  I 
Aided  by  a  geuttc  Iient,  into  (lecttn.  I 

Pectin  may  be  obtained  from  tbc  jtticc  of  ripe  pcar«  or  M 
by  throning  (town  the  lime  which  they  contain  by  the  caal 
addition  of  oxalic  acid,  and  then  addiug  a  couceutrateil  Bolulid 
tounin  mj  1o»^  as  it  occasions  a  precipitate  ;  the  albamcn  iij 
ron;;tilato(l,  and  maybe  separated  by  iillratiou.  On  addiit^all 
to  the  clear  liquid,  the  pectin  it  thrown  dowti  iu  the  fod 
gelatinous  etruigs.  If  this  precipitate  be  redis&olved  in  cold  ■ 
atid  again  {>recijiitalcd  by  alcohol,  it  may  be  obtained  li^J 
jiurc  :  when  dry  it  forms  a  friable  oiaiss,  which  is  soluble  ia  J 
but  insolablc  in  alooliol  and  in  ether.  Its  aqueoas  ftolutioaiaJ 
what  viwous:  it  gii-ea  a  gelatinous  precipitate  whcu  nii^cd^ 
basic  aoctatQ  of  lead,  but  none  with  the  neutral  acetate  ofl 
metal.  Pcctio  exerts  do  action  on  polarixcd  %ht.  Wlien  ■ 
with  water  it  loses  its  viscosity,  aiid  becomes  oonvcrtcd  id 
niodi6cation  (paraptclin),  wjiich  occaaion»  a  precipitate  iu  a  soU 
of  ncutrat  acetate  of  lead.  If  boiled  Kith  dilute  acids,  an  uni 
Mib:<t(iticc  {mttapectin)  is  formed,  which  oceaaiont  a  ptvda 
uhcti  mixed  trith  a  solution  of  chloride  of  barium,  c\*i!ti  jj 
liquid  be  somewhat  acid.  fl 

Peclicacui{t  llO,CjM^O^;  Frcmy).— All thcabai-ei^ 
tions  of  pectin  are  rapidly  converted  into  |>ectic  acid  by  bcin^H 
with  I  solution  of  acaustic  alkali,  or  of  au  nikaliuc  carboi^H 
being  taken  to  avoid  any  esccwi  of  the  alkali.  Pcctic  •■ 
ebaractenzed  by  its  gclatiuoua  nature,  whence,  indeed,  it  w 
its  name  (from  vuktii;,  a  jcllr).  It  forms  soluble  compounAl 
the  alkalies,  but  they  Ho  not  crystaltixc ;  the  other  pectatJ 
itiioluble.  Fectic  acid  it  likewise  soluble  in  nmity  of  the  s4 
the  alkalies.  It  is  moat  easily  obtained  by  buitiujr  the  wiuliau 
of  carrots  or  turuips  in  a  ircak  tolution  of  carbonate  <i|H 
|>eetate  of  soda  in  thtiH  formed  by  Ibe  aelioo  of  the  alk^H 
the  inimluble  pectose  contained  in  tbe  rcgetnblo  tissue;  n 
iniuu^  the  Bolutioa  with  chloride  of  cnlciaoi,  a  gclatimra^^| 
of  lime  K  pnxHjHtaled.  T)ii»  ulit-u  well  wushcd  and  trcaHH 
dilute  liydroehlone  acid,  to  remove  tbt)  lime,  fnruialics  peetia 
a*  a  traiiHpnrciit  in^olnbh- jelly.  J 

If  thinji-lly  W  hm^  ImiiIciI  with  water  !i  is  gntdimlty  dtaJ 
and 'a  dcllipicwenl  uneryHtallluble  acid  is  the  result  (^onn 
Hci<l)^  which  yields  a  precipitate  with  cli!  '■'  iMiriiiini     I 

prctte  srii)    in   it*   turn,  when   trent^d    n...  •'■■■•^    r'^^^^M 


TABIKTIIS   or    FECTIC  ACID. 


Ill 


t  Ht  is  tto  louger  precipitable  by  clilorido  of  barium,  tbou^li 

>  predpitalv  witb  subacutatc  of  lead. 

Sinr  ti)  Premy,  pectin  is  8iui;e[>tlbIcor  a  specific  fGrmt'n- 

.ffthiuccil  by  a  peciiiinr  Bubslaoco  nhicli  is  prewiit  in  the 

^ti»nc  of  the  TCj^-tablc.     This  change  is  not  attended  by 

L-inent   of  gas,  but  9im[ily  bv  the  coavcmon  of  tho 

'  peclta  into   two  gcl&tinuus  acids,  which  are  insoluble  tn 

\i  doe  of  these  acids  he  terms  pectosic  acid.       It  is  oJnioxt 

to  cold   wntor,  but  I>erome»  diuolrvd   by  boiling  water, 

Bfpiid  gtlatioixcv  on  oooliui;.     This  acid  appears  to  be 

;fiirnird  in  the  first  inslnnoc,  but  it  gradiialt>-  passes  iuto 

i,  whUih   is  the  poetic  aoid  alroady  ilt^KriWd ;    the  gela- 

of  many  juices  of  fniits  amcs    from  the  graduiJ  «on- 

of  the  pectin    which  they  contain  into  these  gelatinous 

Tbf  rornpoaitioii  of  thc«e  f;eliitinoii*  bodies  cannot  be  Mttd 

|ecabl»bed  with  certainty  ;  since  there  h  no  means  of  doter- 

;  »hrtlier  or  not  they  hare  Iwcn  prcparal  in  a  pure  condition, 

lit  nu>y  to  {irocrurtt  tlicrn  in  a  uniform    »tal«   of  dcsiccution, 

tHatefer  majr  be   the   true  cotDpoaition  of  these  bodies,  it  is 

rlhat  pEctose  is  r«ulily  Husceplible  of  modification  under  the 

of  acid«,  of  alkalies,  and  of  a  peculiar  fcrnicut  contained 

»|ilaat  ur  frtiit   itKclfi  and   tb&tc  niodiReatioua  are  probably 

with  the  asaimilation  or  separation  of  the  elementH  of 

None  of  these  compounds  exert  any  rotatory  action  U)ion 

light,  a  character  which  indicates  an  itu]>ortant  molecular 

b[?twe(!n  them  and    the  class  of  sugars.      Alt   these 

bodies,  it  may  be  obscn'cd,  contain  oxygen  in  Ini^cr 

...  ...^11  would   be  rei]uired  to  convert  their  hydrogen  iuto 

^VbeD    treated  with  nitric  acid  they  furnish  inucic  and 


BHigTu  to  thest;  diflVrniit   bodies  the  oompoaition  girea 
ring  table,  but  the  formula;  require  coufimiatioa  : — 


CoeapMUion  unlciinirn. 

f,.n«Og,+sno 

jH<).C^Ha,0,+    HO 

3  HO.Cb  u»  o. 


Not  g^UtiDOiu. 

ViaCQIl*. 

Not  gcljitinotu. 
Not  ^dUtinoQi. 
G^litrnoui. 
OoUtinon*. 
Not  gtUlinou*. 
Not  gcl«tuio»*. 


J  IV.  Ckllclin  awd  VToody  Pibbk. 

i.rus,  or  Cki-i.ulosk  CC„H^0^1.— If  a  thin  slice 
gc    cjouuiacd  under  Ibe  microscope,  it  is  immediately 


CZLLfLtX,    01   CELLTtUWE. 
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appurent  that  it  is  not  a  homogeneous  structure,  bat  < 
comiwscd  of  a  cellul&r  or  fibrous  subsCauce,  the  texlur 
Assumes  at  <)iErvriMit  appearance,  accordiDg  m  the  slice 
cut  ncross  the  ^rain  of  the  wood,  or  {iiirallcl  to  it.  Tliis  ^ 
fibre,  or  true  woody  matter,  couHists,  according  to  the  r^ean 
Paycn,  of  two  essentially  distinct  portions.  One  of  these,  whi 
received  the  name  of  cH/u/Mt*,  which  it  in  l)cttcr  tocliaiige  iaioe 
leseri'tng  the  termination  ote  for  the  diSvrent  Tftrieties  of 
»  tlic  basement  tissue,  found  in  all  \-cgcUiblc»  ;  it  b  ncarl 
in  cotton,  linen,  elder  pith,  and  in  the  pith  of  the  Aratie  j 
/era  (Hooker),  from  which  ricepaptr  is  prepared  ;  the  other 
is  a  deposit  of  incrireting  matter  which  lines  the  interior  e 
cellnlcfi  in  amorjihoiis  laycrn,  rniying  in  tliicku&d  accord^ 
age  or  eliantcier  of  the  ligneous  Hubntaiice.  flj 

Cellular  tinao  forms  the  tEroundwork  of  ctft;  plant,  flii 
obtained  in  its  pure  Mnte,  Its  com|»oi>itioii  is  the  aamr,  w1 
may  hare  beeo  tlie  nature  of  the  plant  which  ftiraished 
it  may  vary  greatly  in  appearance  and  physieal  charactc 
is  tooac  and  spongy  in  the  siicctilcnt  «hoot»  of  germinat 
and  in  tlie  roots  of  plants,  such  as  the  tiimip  and  potaU 
jx>rou»  and  elastic  in  the  pith  of  the  riieli  and  the  eldci 
flexible  aiul  te-nacioiix  in  the  lihres  of  hemp  and  flnx 
pact  in  the  branohca  and  wood  of  growing  trreit,  and 
very  hard  and  denae  in  the  shells  of  llie  filbert,  the 
cocoa-nut,  mid  tbe  PhyMephaa,  at  vegetable  ivory.  \i 
cellular  tissue,  iu  its  aurenlent  form,  iap.tsily  ili^catihlc,  btti 
it  haa  become  compact  and  iiicrusted  with  Inie  woody  mi 
in  the  husks  of  the  »cod,  and  in  the  hard  portions  of  tliO 
and  evea  when  tsimply  eondefl»ed  into  tennciooii  librca, 
of  hemp  and  flax,  it  is  no  longer  digestible,  or  in  i 
scrrc  a«  uutrimoat  to  the  higher  orders  of  animals. 

It  is  scarcely  possihie  to  obt^n  cellnlin  free 
ttaanc  by  artificial  mcana,  aince  the  iucrustiug  woody  me 
once  deposited  within  its  meshes,  is  retained  with  great 
but  it  is  presented  in  a  pure  condition  in  6nely  carded] 
lincu,  and  iu  the  GiictC  kinds  of  filtering  pajicr  ;  to 
the  eliemist  usually  has   recourse  when  he  de&irea  to 
properties  of  ccliiilin. 

I'uru   ceJIolin   is    a  white,  tasttdeNS  sulistauce, 
water,  alcubol,  etbcr,  or  oils.     It  la  heavier  than 
are  trutspareut,  and   exert  a  dopolarixing   influence  u^ 
polarixcd  light.       A  solutiou  of  oxide  of  copiKr 
disfiolTct  the  fibre  in  UMnt  of  its  forma,  though  ia 


■  i«  ,     ■•  I 

ed  ir 

iialiq 
otau 
eldci 

I 


CKLLCLIM. 


il)^  riee  pttper,  thU  »o]dtion  does  not  tftkc  plnct;  until  it 

■  "l-\  with  iUlu(cil  aciils.     Celluliii  is  prcciiiitjitwl  from 

I'voti,  unnltm-'l   in  comjHwition,  on   aciiUilnliiig   the 

u  atrial.     Cold  couccntmtpd  MiI|ihtino  acid  dissolves 

9  a  treacly  li<iiii(i,  convertinfi  it,  lifter  dihition  and 

6nt    into  dc-xtrin,  uitl  WKojncutly  into  graiw  sugar. 

Itcids  exert  but   littli;  effect  li[>oii  otJItdin,  but  the  action  of 

lud  of  all  otber  solvents  is  luaterially   greater  uijon  the 

CuriDcd  oi'ltuW  lliBii  upon  the  old  ones.     IlydrtKbloric 

ilt  iroiMretitraled  fonn,  diasolTCft  ccllulin,  aiitl  dcjWMti  it  on 

ite  dilution  with  walvr;  but  if  it  be  left  iindilulcil  fur  a  or 

no  precipitate  occurs  on  the  addition  of  nater.     Alkaline 

vhen  dilnt«  do  not  act  npoit  cellitlin,  hut  when  concentralerl 

JmIIp  destroy  its  texture.     A  solution  of  cidoriiic  act« 

•lowhr  upon  celluliii. 

nljti,  in  ltd  nitttiral  atnte,  i^  not  coloured   bloo   hy  iodine ; 
it  hu  been  digested  for  a  Hliort  time  with  Bulphiiric 
brcnmrs  of  a  fine  blue  when  free  iodine  i&  added.     This 
i*  sometiinrs  iierviceiihie  in  the  mien^icopic  cxamitiation 
■tie  tistm-s;  ccllulin  lieinj  thus  easily  distinguishod  from 
•IRS  into  thcconiiMMition  of  which  nitrogen  enters.     By  the 
-I  -■■■-,,(  ofinlphnric  acid,  the  property  of  being  coloured 
disnppcarti,  the  dextrin  and  i<ugar  which  are  formed 
'  ptible  of  the  blue  coloration. 
■ih.ibJr  moditication  in  the  vcgi-laWc  fibre  !«  effected  by 
>f  chloride  of  zinc  or  of  cnlphtii-ic  acid,  in  eonscqncnee 
paper  utny  Ih;  roiivertcd  into  a  mnteriiil,  wliicli,  in  tough* 
ince,  inofh   rcspmblcs  parchment,  and  ia  known 
DC  of  teseltihte  parefimenl.      It  i«  more  trnniipArent 
parchment.     In  order  to   prepare  it,  tlitn  paper,  which 
lie  siicd,  is  plunged  for  a   few  raoments,  at  »  tcniiw 
'  60^,  into  a  niiititre  of  oil  of  titriol  with  half  its  hulk  of 
Tbo  pu|icr  inuitt  be  quickly  nithdrauru  and  washed,  first 
r--  -   '!ii:ii    with  a  weak  soliitioa  of  ammonia,  and.  Lastly, 
lia.     In  tliii  proccita  the  outer  ^lurfacc  of  the  fibres 
I'-e  Iwcotne  converted  iutu  a  glutinous  Buhstance  by 
-re  eetnentcd  together,     TIiib  substanec,  necord- 
.    iaitstiieditktf;  between  eellnlin  and  dextrin,  with 
fiikieli  ic  u  isoiaerie,  having  neither  aajuirud  nor  ^ive»  up 
of  itatcr,  uor  entered  into  pcrrasncnt  combination 
rie  arid, 
fantid  the  louf;linws  of  this  vegetable  parehniont  to 
OK  great  KB  tbat  of  ibc  paper  which  funiislKtl  it,  and 


«^"^"  ^  cct^pW'V  a«A  ' 
ood  c««  ^  ,^  it  is  w>  ^ 


rviUXYUX,  OM  GUN    COTrON. 

aod  a  mixture  of  nitrate  nad  nitrite,  as  veil  as  of  oxalate  of 
jntasli.  The  solution  in  potn-Oi  «oiit»iiiA  n  peculiar  acid  {nsem- 
bling  the  saccliaric),  w!ii<-h  yiolds  mi  iusoluble  pivoipitate  with 
teetatc  of  lead.  The  alkaliuc  solution  of  pyrosrlin,  vfbca  mixttl 
aminoiita-nitrate  of  silver,  and  gcnily  heated,  reduces 
silver  in  tLo  form  of  a  film  upon  the  supfniTe  of  the  glass, 
prodnctng  a  brilliant  mirror-like  surface. 

Strong  xulpliiiric  aclH  dissolves  pyroxylin  in  ttic  cold  without 
tlie  CTolntiou  of  gas,  and  the  Uiiuid  ih  not  n>ndercd  turHid  by 
dilittion.  If  the  pyroxylin  be  pure,  the  soluttou  is  colourltrss, 
Ixtt  it  19  hrowu  if  any  unnltvrcd  fibrc«  of  .cotton  remain  tn  the 
mats.  Nitric  add  in  the  culd  in  witliont  action  upon  it,  but  if 
the  scid  be  heated,  it  gradually  dissolvett  the  pyroxylin,  und  on 
dilution  depotiti  it  ngitin.  By  boiling  it  with  the  acid  it  is  dccom- 
|ns«d,  red  fumea  escape,  and  dilution  tlien  causes  no  precipitate. 
Pjroxylin,  according  to  the  observation  of  Hadow,  may  be  rccou- 
verted  into  ordinary  cotton,  by  digestion  at  ordinary  tcmpernturcs 
in  an  alcoholic  solution  of  hydmsulphate  of  potanuum  (KS,HS},  . 
vluUt  nitrite  of  potash  ia  formed  ;  and  the  change  may  be  eftecL«d  i 
ttill  more  rapidly  if  the  mixture  be  heated :  the  reaction  may  be 
b^  tlie  following  equatiou  : — 


1  (C.H^  9  KO,.OJ+iS  (KS,nS)=»  (C^«»0„)-)- 18  (KO,NOJ+j>  8,. 

Belcliunp  »tatc«   that  a  similar   reduction    takes   plaoe   when    the 
ffnuyhn  ia  acted  upon  by  pmtochloridc  of  iron. 

The  moat  remarkable  property  of  pyroxylin  is  the  facility  with 
wlkh  it  takes  fire,  and  the  rapid  and  coniidetc  manner  of  itxcom- 
biHlion,  In  tJic  open  air  it  hurna  ivith  a  tlash,  but  without  cither 
•iDol:e  or  report :  a  terapcratnre  just  below  that  of  400"  is  sufBcieut 
lotoflaine  it,  being  utarly  zoo^leiK  thuu  that  rt:(|uircd  to  ignite  gun- 
)owder.  In  the  o()cn  air,  pyroxylin  bnras  more  rapidly  than  gun- 
ponder,  but  if  compressed  so  aa  to  form  a  fiisee,  its  rapitiity  of 
tombttatioti  may  be  reduced  bcloir  that  of  powder,  and  the  more 
it  is  compressed  the  slower  is  the  combustion.  If  it  l)e  fired  in 
t  l»tiSD«l  ipacfl  it  produces  violent  explosive  effects  from  the 
nddennrss  of  ibi  c>~mibnstion,  and  from  the  large  quiuitiLy  of 
pseoos  matter  which  it  funiiHlics.  The  extreme  auddeuncss  of  its- 
inflaaraation,  and  tho  aliort  space  of  time  diiriDg  which  ita  pro- 
poltiic  force  »  exerted,  produce  both  greater  Mrain  upon  llie  gun- 
,  Wrdf  and  less  effect  u])on   the  ball,   in  consequence  of  which  it 

1  2 


rVROXVLIN, 


COTTON. 


appears  to  be  Icrh  eligible  as  a.  projectile  agent  than  ^npoirrlcr. 
In  c«rt»iii  ca^ea,  &uch  as  in  mining  operation*  in  liani  aiid  brittle 

LiDcks,  it  uisy  be  bfuoficially  employed,  as  it  may  be  driven  into 
lioringt)  above  the  head  of  the  miner ;  anii  if  niixcii  with  nitre  ia 
quantity  sulDcieiii  to  convert  tlie  wliole  of  the  cor)>on  into  car- 
bonic arid,  it  prodncfs  much  less  fume  and  uoxioim  gases  tba 
^itn|X>irtder;  in  addition  to  which  it  has  the  great  mlvantage 
leaving  no  '  train  '  by  leakage  from  the  v<w«eU  in  which  it  !!•  stur 
up.  This  compound  may  he  esjuM^d  to  damp  and  even  to  pr 
lunged  immersiou  in  uater,  and,  if  it  be  again  dried,  it  will  ha« 
cspericacefl  no  diminu,tioit  of  it«  csplosivc  povrcr. 

I>XLrin(;the  combustion  of  pyroxylin  a  large  rolume  of  ateai 
u  generated,  milled  with  a  rartabEe  proportion  of  carlmuic  acic 
carlraiiic  oxide,  aud  nitrogen  gases  ;  traces  of  nitric  aeid  and 
CfRUC^en  are  ulao  formed.     Coii!>idi-rable  difference  prevails  in  (I 
statemeDts  of  dilTcrciit    cxpcrimi-uttLi-s    rt^pceliug  it«  piopul^ivi 
pOKcr  as  compared  with  that  of  giiiipnwder  :  all  agree  that  weight 
for  weight  itH  explosive  force  iu  mnrli  greater,  sotne  say  three  tit 
M  great,  othem  four  time*  that  ofllic  best  niu»ket  powder.    Aooor 

P'lDg  to  the  experiments  of  a  CommiaeioD  appointed  by  tbc  PreucI 
Goveriimcot  to  examine  tbc  question,  tbc  cxplotivu  power  of  th( 
pyroxylin  appean  in  Eome  measure  to  depend  upon  the  degree  o( 
comprcsiiiuu  to  which  the  charge  ia  subjected ;  as  a  meao  result 
the  pyroxylin  produced  an  effect  equal  to  that  of  about  tliroc  timo^ 
ita  weight  of  gunpowder. 

The  results  of  Hadow's  exiierimcnU,  (Q.  J.  CAem.  Soc.  iril. 
308),  errve  to  explain  tbc  contlietiug  statements  relatiTc  to  the 
prup^rtira  aud  com|)0»iti()U  of  thia  remarkable  subatnnce.  It  ap- 
peant  from  tliia  iuciuiry  that  the  eompoaJtiou  of  guu  cotton  diifers 
acconling  to  the  degree  of  eouceDtration  of  the  actda  employed 
ill  )t9  formation,  anil  tlint  at  least  four  dlHtrent  iind  definite  oom- 
pouiids,  diKtinguiahei]  an  A,  B,  C,  and  D,  may  be  fonoed,  having 
the  ibtlowiiig  cont|M>»ition  ; — 


c=c 


M'hen  equal   mcMuroB  of  the  sulphuric  and  nitric  acids  are 
CTiipluycd,  each  in  tlie  liigheat  degree  of  concentration,  the  coni-^ 
pouud  A  is    formed :     it   i»    highly  explu«ive,  aolublc    in  acetidfl 
ether,  and  insoluble  in  any  mixture  of  alcohol  and  ether.     If  the 
acidi  used    bo  of  a  ^treugth   intermediate    betvrceu    llO,XO;-f 
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iii.i 


•  .,    and    nO,XO,  +  3  HO,SjO,  +  4  Aq,  the  com- 

Juoed:  it  is  Iom  itxiiIusivv  than  A,  is  insoluble 

\  aortic  aod,  but  wtudle  in  a  mixture  of  sev«u  (larts  of  ether  iiad 

ft  nf  alcoltol.       Misctl  acids   gf  tlte  stronjcth  UO,NOj  + 

'jO,44  Afi,    prwiuoe    the   cnmpoiind    C,   which  is  largely 

boptl)  ia  etbor  and  ia  gUciai    arctic    acid :    it  it  highly 

*j^'^     '  -ly  p\pIosivc,     The  compound  D  is  formed 

r.gtii  HO.NO;  (-2  II0,Sp„-f5  Aq  arc  used: 

but  vpahagly  BOluble  in  alcohol  and  ether  and  not  solable  in 

glsrisl  itcctio  acid. 

diom. — T\ic   Kiliition  of  pj-roTylin  in  a  mixture  of  cither 

ibol  ii  knoirn  under  the  name  of  eoUodion.     AVhon  this 

b  exposed  to  tlie  air  for  a  few  moments  in  the  form  of  a 

UycT,  tIie»olvinit  croporatc*,  Icuving  the  pyroxylin  as  ii  tmnn- 

mrmbruiouB    pellicle.       Collodion   has   been  applied   to 

aorfaccs,  for  tlie  piir[)Ose  of  forming  nn  artificial  skin 

to    protect  thciii    from    the   uction   uf  thv   nir;  but  it* 

fxtenme  application  is  in  tho  preparation  of  a  senaitire  trans* 

-face  for  the    reception  of  photoKfophic  image»  (8S4), 

ii  otCT  plates  of  gln»«,  nftcr  it  Hil-s  been  ihily    impreg- 

vith  a  Bolnble  iodide.     On  immersing  the  film  in  a  aolu> 

o'       I      '  of  *ilv('r,  the  whole  surface  bcL-omea  impregnated 

'■■  vilver  in  the  most  favourable  coudition  for  the  rcccp- 

oS  photogrttphio    imprctsioni.       According  to   H&dow,  the 

■pDOnd   B  is  lliat  vhtch  is  best  fltli'd    for  the  prepamtion  of 

ipbie  collodioa.      Tlie  temperature  at  which  the  compound 

1.  ha>  A  very  mAt«riftl  inHncnce  npOD  Uie  mechanical  qaa-  , 

Hie  cnllodiou.     If  the  iciniH-Taturt:  be  not  raised  to  lao*  ' 

',  thv  fttiitiou  is  viscid  aud  glairy,  and  doee  not  difi'use 

oter  the  gliw*.     The  iucccwfitl  prcpantiou  of  a  ^ood 

■pfii        ■■    lion  rc<niir»r<  attention  to  3   niiinl>rr  of  minute 

R".  are  ileisilcd  in  llardwich'e  Manual  vf  Pfwto- 


fr.-.ffl  SttrttHt  Iftrivativrt  from  Suffor,  JfC,  aUied  (tt  Pyrox^- 
-   lulMtiuiccA   lieBiilcH  oolliilin   may    be   coarerlcd    iiitn 
,;,  r.M  r  !■■*'  '11  l' '  i"is  to  pyroxylin,  by  the  action  of  a  riix- 
Mi!nc  ;uiii  -■uiijiiiuic  acids.     Powdered  cane  suyar  i«  con- 
the  MUQC  mixtare  of  «cid«  into  a  bitter  yellowish  masB 
appcarsnee;  it  in  ven,*  slightly  oolnblc  in  water,  and 
to    Sottenj  contfliuB    L'i)Hg{NOj))0,,.     A    somcwbal 
BpDond  nay  lift  farmed  from  giim  ambto,  and  aUo  frnm 
If  «tArch  bo  treated  witli  ooriccntrated  nitric  ncid,  \\. 
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is  rapidly  dissolved,  and  if  the  riticiil  solution  thus  obtained 
ininiciliatcl)'  iltlutcd  wiili  water,  a  tiKite  t^utelesa  insoluble  pi 
[)itate  is  occasiouLMi,  temied  xyloidin,  wliicli  apiN^rs  to  be  &  sul 
Htitutioii-produet  ofntarcb  and  pcmxidnofnitrogcn.Ciall^fNOjjOJ 
aaalogoiis  to  thv  foregoing  :  t)ii.i  niibslaiice  by  digMtiou  lu  byt 
sulphate  of  potassium  (K.S,I1S),  i$  rcconvcrti'd  iuto  the  solut 
modification   of    etaix;!),    which   becomes    hliio   when    mixed 
iodine,  whiint   xj-loidiii   i)oe»   not  yield  a  blue  vritli  iodine.      Bd 
the  most  rcmarkablu  body  belongiug  to  this  claf«  is  one  wbidi 
jiroduccd  when  mannitc  is  acted   upon  by  the  misturc  of  nilr 
and  sulphnrtc  nciiU.      It  is  iiiioliibic  iu  water,  but  is  readily 
solrcd  by  boiling  alcohol;  the  mtromann'tte  [C,jH^(NOJ,0„]  cryi 
lizcs  in  fine  needles  as  the  solutioti  cools.     This  com|K)nnd  cipic 
powi^rfiiliy  by  u  bluw  from  n   hnmnicr.      If  gently  licnted  it  mi 
lie  melted,  but  at  a  higher  temperature  than  that  rcijuired  for 
fusion,  it  explodes,  and  produces  ifd  vapours. 

Iu  »ll   tbvsu  casc«   it    will   bo   observed   that   the   dcrivatii 
nitrous  compounds  are  produced  from  the  saccharine  or  amyl 
cenuH  sulcitance  by  the  eub^titutiou  of  a  variable  number  of  aton 
of  hydrugcu  by  aii  equal  number  of  equivalents  of  peroxide 
nitrogen  ;  each  ntoia  of  nitric  acid,  wfai-u  acted  u;>on  by  on 
of  hydrogcu  derived  from  thtf  organic  body,  yielding  one  eqi 
valcnt  of  vatcr  and  one  of  peroxide  of  nitrogen,  irbilst  the 
water  of  the  acid  is  sepuratcd  ;  HO,NOj  +  H=NO^+ HjOj. 
water   is    abfiorlred    hy    the    eulphuriu    acid    coutaiiied    in 
mixture,    irliich,  af\cr  its  action  upon  the  organic  conii>ouiid, 
found  in  rdl  ca-^cs  to  have  bceomc  diluted   hy  the  water  tints 
moved  from  the  body  submitted  toils  influence.     The  addition 
the  sulphuric  acid  in  these  cases  has  two  advantages,  one  beia 
the  removal  of  the  wutcr  produced   by  the  rctictiou  ;  the  ol 
the  prevention  of  the  solution  of  the  new  compouud,  and  its  furtli 
alteration  by  the  uitric  acid.     A  ini\tnre  of  nitric  and  sulpbat 
adds  is  now  frequently  ciuptoycd  for  the  purpose  of  obttdnil 
compounds  in  which  NO,  is  atibatituted  for  hydrogen :    niti 
glycerin  [C|,Hj(NOJ.jO^ ;  Ue  Vry)  and  variouB  other  componi 
may  be  obtained  in  this  inauucr  witb  facility;  the  rc»ctioa  hoil 
ever  recjuires   careful   watching,   as   it   is  apt  to  become  tumi] 
tuously  violent,  and  «otnetimes,  as  in  the  case  of  iiitroglycer 
the  compounds  which  arc  formed  arc  liable  to  c.\plodc  during  tl 
prepuratioa. 


(9^7)  LiOKi;;. — ^Thc  incnisting  tnotter  contained  vithin 
oellalar  tissue,  which  gives  hardness  to  wood,  is  moat  abundant 
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of  trees,   RDiI  in  the  bard  shclk  of  many  van(:t!i.-x 

ti.     Tim  mliHtiuK-u  appears  to  he  o  mixture  of  scrcral  proxi- 

'»;  it  cciutainii  a  larger  proportion  of  li;(lrc%cn  than 

■  ' )»  oT  axjgcn  being  iusuflicient  to  convert  the 

;.-ii  into  water.     This  iiicru^ting  matter  doe» 

fj/eu  to  tiave  a  uniform  composition  in  all  iroods.     It  is, 

tr,  alia.        '  '    laoterizfd  by  being  soluble  in  alkalim;  ll<|iii<1s, 

b  il  in  .  <Ie  in  irater.     SulpbiiHc  aci<l  cliars  it,  and  an 

Bt  MlotioD  of  clilorinc  attacks  aud  dismUca  it.     Wlirn  nub- 

^  ■     '    tillatioti  in  closed  vcascls,  it  evolve*  ncclic  acid;  and 

I  at  tbe  liAriliT  tlic  wood,  and  tbc  larger  tlio  proportion 

it  inomfting  siilMstance  vliich  it  contains,  tbe  greater  in  the 

rtioa  of  acetic  act<l  wliicb  is  ftiniisbed  when  equal  wci^bts  of 

ut  wuayls  arc   subjected  to  destructive  distillation.      When 

M  fibre   i<t  hi-aled  witli   hydrate  of  potash  an  oxalate  and 

itotc  uf  the  boae  arc  farmed. 

Im  ligiiMiui  matter  is  generally  deposited  in  a  state  of  mix- 
iA  a  Torinble  qasntity  of  rcsinouH  mattprt,  which  colour 
bod  ud  mcrca:^  its  inflammability.  The  dej>OKitcd  fibre 
Mtains  a  ccrt&io  proportion  of  saline  matter;  as  iroU  as  amall 
Ha  of  t!oin|>oiiiid9  coiitaiiiiug  ititrogeo. 
b  applicntiana  of  ccllnlin  anil  of  lignron^  fibm  in  the  arts 
MBMrooa  and  of  great  i in])<>rl»ncc-.  ])e»i<lefl  its  cvcry-day 
I  tks  form  or  wood,  tho  fibro  constitutes  the  ba«ie  of  all 
'  '  nprn  goofls  :  and  after  thcac  substances  have 
uc  as  textile  fabricK,  they  are  altU,  in  the  bands 
r-matcr,  convertible  into  a  material  scarcely  Ie«s  valuable. 
■ini/. — Tlie  rags  which  arc  cmiiloyrd  in  the 
r  nrt*  »ort«l,  according  to  the  material  of 
consi^l,  into  linen,  cotton,  hempen,  and  woollcu;  and 
funhpr  nepanited  into  white,  coloured,  and  black. 
d  knot*  are  cut  out,  Ktid  llic  rag»  arc  then  well 
[get  rid  of  dust  and  dirt.  Coloured  ra^  can  be  cm* 
tpf  wriliug-paper  if  they  be  first  bleaehcd 
,  which  is  often  applied  to  them  iu  the 
For  this  purpose  the  rags  are  moistened,  and 
tr>nital  shelve*  in  wooden  or  stone  chambers,  into 
gaa  M  trau»niitti'd.  An  excess  of  chlorine  niu^t  be 
noMJed,  because  it  is  liable  to  enter  into  chemical  com- 
thi'  fibre,  nnd^  by  displacing  a  portion  of  tbe  hydro* 
^»  auhetitutiim  compiiuud,  which,  being  destitute  of 
a  brittle  ia[iet.      Frequently,  however,  tlie  ra^, 

n>duccd  to  tbc  form  of  pulp,  are  bleached  by 
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means  of  cbluride  of  lime,  la  all  casea  It  is  aeceeuaj  tO^H 
tlie  romoval  of  tb«  U»t  trace*  of  ctiloriiie,  whicb  v guM  ixi^l 
cik»«c  the  p&jtcr  to  Itcooine  brittle,  but  irlicu  the  paper  js  onH 
manuHvript  puri)o»(»  vould  grsdnally  discharge  thi>  talL  m 
removal  of  the  cUlorine  U  cffucted  br  tbe  additioo  of  a  mm 
([iiaiitity  of  sulpliitc  or  of  hTposulplute  of  soda  ;  if  the  **''nH 
used  tbe  chluriue  is  converted  into  cbIorid<^  of  sodium,  nl 
sulphite  into  eulpbate  of  aoda,  whilst  &ulphuruua  acnl  ill 
free:—  I 

a(aNaO.SiOJ+a,«3Maa+aKiiO,S,0,+S,n       1 

The  rags  liaving  bocn  partinllj  cleansal,  cither  in  ihtir  Ik^ 
or  uubleaclied  Duiiditioo,  arc  reduced  by  inechnnicai  mcaui^l 
libroua  paatc,  or  Bioooth  uniform  pulp,  with  water.  TUiajH 
iheti  exti-iidvd  over  wire  ^traiuers  in  a  layer  of  nnifurna  thieSH 
whicb  when  dmincd  forma  a  film  of  [uiper.  If  tliis  be  vm 
dried  and  prewcd  it  forms  blotling,  or  filtering  paper,  and  tlj 
porous  to  he  used  as  writitig>|iajier.  In  ordef  to  fit  it  for  ilea 
it  is  sized,  or  coated  with  a  mixture  of  wcalc  fine  glue  and  u 
by  wliick  mcauft  it  is  rendered  leas  pcrmcahlu  to  water.  H 
mauiifacturcrs  mix  tbe  uze  with  tbe  pulp  before  it  l«  inada>fl 
ebeeU,  hut  in  tliift  case  it  is  ncoeasary  lo  employ  a  riic  u^l 
acriplioudiflcrent  from  that  which  ig  applied  tothc  llniidied'H 
TIic  size  which  in  to  l>c  mixed  with  the  pulp  usually  cooa^f 
mixture  of  three  parts  of  a  Kiuiious  aoap  aud  two  porta  o£^| 
to  which  a  small  quantity  of  alum  is  addc-d.  ^| 

Of  all  the  uuuicroua  materials  which  haw  hccu  tric^H 
haais  of  paper,  nouc  has  been  fuuiul  ao  well  adapted  for  l^| 
pose  as  hnen  rags.  Straw  has  beon  used  to  wioie  extfl^f 
material  for  puper,  and  it  waa  at  ouo  tiaic  tliouttht,  owtiif^H 
abundance  and  chcapuesa  of  tliiit  sulMtance,  that  it  might  ll^| 
a  valuable  substitute  for  rag«,  the  supply  of  which  is  b^H 
iuifjecjuatc  to  meet  the  demand  ;  but  tbe  lunKof  material,  ^H 
brittle  nature,  during  the  proeeiui  of  mnniifaetnn>,  stid  other ^H 
seen  circumstanau,  more  than  comiterhidanced  the  adTOfl 
gained  from  the  abiiudaneu  of  tbe  supply.  I 

(Wy)  Otwrai  licmarkt  on  Starch  and  .U'oadt/  Ftbn^-A 
facl6  already  meutioued  sliovr  the  ready  cuDTerlildlity  of  I 
or^uized  bodies,  starch  aud  liguiii,  iulo  otbcn  which,  thoufl 
orgiiiic  on'^iit,  are  yet  deroid  of  structure,  and  therefore  4^1 
romplicatrti  nature.  In  most  eaaos  great  iioiilarttt-  r«i*l^| 
ultimate  iou  of  tbcw  bodice,  many  bavin::  ^| 

same  cuu.j.. ..^  ju  thoK  from  which  they  arc  tlv...kM  .  fl 
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'    -'■"■■-  Among  each   otbcr  ouir  in  tiia  prcspucc  or 

.\  of  water.      It  in,  Uiereforc,  uoi  suqiriaiiig 

trntwiiiou  nhuuld  occur  from  the  clitlxirato  UTang»> 

k'UAC  Aiii)  cutiijukct  tiHUC  of  (he  wooil  itito  the  com- 

textnre  ami  low  or^anizftlioii  of  Ktarc'li ;  the  lig- 

QDilergoiiig  iiioilificatioiis  of  density,  which  gradually 

>ai   tliQ   compact  structure  of  the   lignum  rila  to  the 

of  the  fungUB,  or  liclicn.     The  tissue  of  the  Irelatvd 

iplcj  ptvscutii  a  close  aniUogT  irith  starch ;  il  is  gra- 

b^  Lmlinx,  it  Bwelhi  up  to  a  j^JatinauK  niai<«, 

ua  colouralile  by  iodine :  theiioc  n-c  arrive  at 

and  gmdually,  ns  l)ic  organization  of  this  ho<]y  is 

tJic  sucoesaivc  action  of  chemical  agenta,  the  addition 

Yjducej)  a  coluntion  Icas  and  less  intrnsCj  until  in  the 

iti  of  dextrin  it  disappears  allogctlicr  ;  and  ut  length 

ill  place  of  the  cellular  Htntcture,  crvAtalJtue  form 

BliL 

fhe  Decay  o/  JVoody  Fthrc,  and  the  Mean*  of  PrC' 
Vlieu  wood  ill  a  moist  ntate  ia  exposed  to  the  air,  it 
ttdergoe*  decotn  position  ;  a  epecies  of  fermentation  ia 
tlie  uftn>;;cuizcd  oonstitucnts,  in  consequence  of 
•Ji  ]»  a1jbOi'iK-i),  eiirhonif!  itcid  and  water  are  exhaled, 
cruinblea  down  into  &  blackish  brown  vegetable 
iumua,  vtutin,  or  geia.  This  decay  uocuni  mo»t 
iau({  lipoitjcy  wood,  sinec  this  iidmibt  the  air  more 
u  the  aamc  time  eontaiDfi  a  proportiouatcly  larger 
ibe  albuminoua  aubitlance  ttuui  the  harder  and  older 


ntnpoeition  of  this  albuminoos  componeut  favoors  the 
fungi,  ajii]  i^neutiragcs  the  ravages  of  insects, 
joa  portions  in  particiitar  atlVird  the  mcauB 
It  is  aljviouxly  a  matter  of  higli  importance  to 
Dd,  as  lar  aa  itu^sible,  from  thciu;  iutlucnocs.  A 
ting  of  some  substance  i  nijK'n'ioiUt  to  air  and  moia- 
ttiin  object  in  great  measure,  eo  long  as  it  ran  be 
entire.  Such  a  costing  is  usiiallv  supplied  hv  the 
layera  of  rc&inoua  or  oily  matlw,  which,  if  mwdful, 
itmed  with  metallic  oxidea*  as  in  the  ordinary  pro. 
and  paiuliug.  But  a  more  cfTcctual  luothod  of 
tista  iu  iicciiing  the  wood,  wid-cloth,  cordage,  or 
'  matcriaU,  tur  a  given  time  in  crtulc  ooal-ttr  kreasote. 
nlutioM  hare  been  emphvcd,  bet  they  have  \lC0Tt 


or  Tlie    DKCAV  or  WOODY  rtBM. 

^btadoaed.    Kyan  made  use  of  o  tolutiou  of  < 
c.  cunlHunc  .\t)i  to  I'.th  of  >t»  wnghl  of  tlw  me 
^tt      btHMJutrw    employed   a   MtlutioD  which  nsunlly 
^itu*    I   foi   Gvnt   of  rav   acetate  of  iron,  or  of  snlpti 


$ 


^utibl  >H  MmtMnvd  wood  from  the  trunk  of  a  decaying 
ui  a  ««ak  wlutjou  of  potash  or  of  Hodn,  a  brovro  lii 
frvM  vhtch,  on  titc  adiHlion  of  bii  aci<1,  A  blacl    ' 
IMMjiyiTif  w  obtainnl.     This  prvcipitate  h  rcadtly    '- 
^tl^attiiTit  atui  always  retuns  a  coosiderablc  pro[>ortion  of  i 
U  ta  WMai^"*!  by  Mulder  o-i  n  inixtori;  of  three  sut 


U"  „>..,-X 


V' 


I  vstalliiable,  hut  which  he  ooii»idi.T8  s«  com 
'  «tvr  and  amniODia,  with  ihrrc  diflcrcot  ncid*, 
^'^•*iAt;   2-   //«™»c  onV,  C^HyO^;  and  3. 
'  ,,     Tli(!Bc  Bubatancea  are  obviously  tbe  prodi 
' .  itT  in  Bta^  of  decay  more  or  1ce«  atlvanted. 
kiw  brown  RubstniiCfs  formed  by  the  prolongf<d 
■  ul  a  btkitiiig  temperature  u[)on  sugur,  to  reMun! 
!>iic  acida  from  mouUI,  bolh  to  compoeiliou 
I'm  >:ili-«   llioe   iicids,    BcTztlins  has   jwiintcd  o 
'  ■•^>  oiliiT  idlied  bodies,  which  have  received  l!« 
'  a|)UOit[iiic  acida  (from  Kptivy,  &  aiiring) ;  they 
..  wi  many  miii(;r»l  witters,  and  accumnliile  lu  tbc 
'>  >L  occur  around  the  margin  of  fcrrugiiiDU)>  «| 
i  HO.C„H,jO,j.  Mulder)  haa  also  been  fuund 
■Ilia,  in  vt'^ctable  mould.      It  form*  a  ycllo' 
>i»  ammonia  nilh  uhBtinncy,  and  rapidly  b1 
;  CDtivcrt«d  into  Ajiocrcnic  acid  (2  llO^C^ 
'  ut  iwid  furuishcH  a  brown  solnlion  in 
.'.'  jM'iJta  fttroiigly.     Itidced,  tliia  property  of 
>  «illi  otntioacy   ia  a  cbanictemtic  of 
'  |in>diict9  nhich  arc  formed  li'  ■ 
.   .>iid  it  ia  conncRled  in  au  iiu|  .. 
H»  wliich  tliuy  suljeerro  ia  supplying  nu 
'  ^blpa,  towards  the  support  of  which  thoy 

'  >^  lu'rbncroua  aud  aquatic  plouts  in  manliy 
'    '    Hiuilar  Lo  liiioiiis  i»  formcil. 

■  t  grciit  depth  awl  t-xtciit,  y..-    .  1  -  ., 
l<K  |wat  ia  oficti  ft  feet  titick,  asd  m  tbC 
'  J  evtmds  t" 
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of  carbon  tliau  woody  fibre;  it  likewise  contains  an  excess  of 

OTcr  the  oxy^eu. 
Tlie  prooew  of  decay  id  ligueottt  tissue  i.-^  linWc  to  considerable 
ttiuOj  aooordtng  as  it  i»  allowed  to  take  pliwe  with  tree  iioc«»* 
air,  or  is  effected  under  water  witli  but  a  xcaiity  siip^jly  of  oxygen 
without.  Wlicn  the  atmosphere  ha.s  frvc  access,  Dc  Sauesurc 
tliat  the  oxygen  of  the  ftir  is  converted  into  an  equal  volume 
of  carbonic  acid,  while  at  tbe  snme  time  a  Ur^e  quantity  of  water 
ia  evoWc-d.  According  to  Hermann,  a  small  proportion  of  nitro- 
fCR  is  absorbed  during  the  prcx-ess,  and  ammonia  is  {jenrratrd. 
The  water  produoetl  b  at  the  expense  of  the  oxygen  and  hydro;,^^ 
ttoiiiecl  in  the  ligneous  tissue,  to  that  tlic  mouldered  product 
DQt&iiis  a  larger  pniportion  of  carbon  tJiau  the  wood  upon  which 
cxperinieul  wa^  couducted. 

If  the  moistened  wootl  be  csclmlcci  from  air,  a  small  quantity 

carbonic  acid  ia  evolved  during  its  docay,  nccompunied,  as  in 

llie  former  caMT,  with  the  Bepamtioii  of  water ;  and  under  ccrtnin 

istoncca   nmrsli    gas    (C^IIJ    is   liberated    in    considerable 

tndauce.    (See  also  p.  126.) 

Coai  and  other  Combustible  Minerah. 

(961)  The  foregoing  facts  connected  with  the  gradual  decay  of 
toody  fibre  aud  vegetable  tissue,  hare  a  spLxiiJ  iuterest,  not  only 
'm  their  bearing  upon  the  value  of  vegetable  matter  as  a  manuFe, 
bn  also  iu  reference  to  the  orij^o  of  the  enormous  masses  of  fo^i! 
fnd  which  are  stored  up  in  tbe  bowcU  of  the  earth,  and  which  are 
tbe  result  of  complicated  chemical  changes  under  variable  circum- 
jstatices  of  Icmpcmlure,  moisture,  and  pressure — acting  either  npoit 
^IiDta  which  grew  u)ion  the  s]iot,  as  in  peat  bogs  now  in  proee&« 
|<if  formatioa,  or  upon  Ihc  d^bri»  of  trees  or  plants  dnOcd  from  a 
dUtancc,  and  acciimulatc<l  in  particular  loculitics,  ns  is  »uw  occur- 
in  the  deltas  of  the  Mississippi,  and  other  large  rivers. I' 
Tlu  depoaila  of  lodsil  oombuatibte  aiatter  may  be  subdindcd 


AC...  ./  tju,  biiiunHioTM  coal  appears  to  tare  been  formed  from  a  crjpto- 
'iU/a.  <fi  wbicli  upunnU  of  500  iprrici  hnro  bei^u  iJcutifiod, 
u^„,  ....,  ftfTOA;  UpiJvJfitilni.  fitaniilen,  aud  ti;iUl,trui  axo  >lao  abim- 
4Mi  'J'Lr  jatliT  are  i-tpccUlij  inKrooliag,  u  lb«ir  rou[»,  formerly  tnistakcu 
bradwtHJ'i  '•■.•■riet  of  plant  and  ivtmcA  tlignutria.  are  found  in  Qvaily  ercry 
■    lof  rl  lately  in  (mil oet  with  the  wal,  and  the  Bisillaria  hare  been 

tid  (T<         ..    I    III  tk<m.     Tlii«  oWrration  if  one  of  hich  iniporlaDi'L^  3t*  it 
linen  llix  in  ino»t  c«b(«  iliB  pUnto  aclualiy  grew  Mpon  the  spot  in  wh'ioK  (ho 
Viia-^t  f>/uBd-     III  BMny  uutancc*  tbc  trunks  or  tbv  BJipllam  are  foimil 
'  r  iraTrniU);  111)*  seaou  of  coal  1  the  hark  han  in  tlicsu  oisvn  hpcu  fouud 
J  ititu  Inic  I'ure  «oal,  nbile  itie  liwly  of  llie  Itcc  appi-nrs  to  hare 
,  uiil  ita  tBtcnul  carily  hai  bivu  lillcd  up  with  taudatwie. 


or  riT  coAt. 


,  and  biUitneti ;  3.  Lignite*,  orl 


origin  of  ibis  salxitimco  is 
ft     PnI  IB  fonncd  only  in  Ibe  tcxat 

n  tropical  climatcfl  the  decay  of  \t 
SM  mtxeii  rapidity  to  kJIow  of  th<^ 
t^  the  decomposition   takes   plnrc 
.mwtli  is  compftmtiroly  rnpid.     Peat  I 
toA  ieasity ;  that  tnkcn  ncnr  thr 

favgwQ  colour,  very  parous,  and  \%r 
«f  the  plants.     Wlioi  dry  its  dci 
thit  &om  the  deC)>«r  Uycra  ii>  ni';... 
mucli  durkcr  coloured  aa  the 
ciLiliits  little  or  no  tr»ce8  of  it» 

of  Mrlliy  mat  tcr  i»  ^-ater  in  th«1 
4trpcr  parts  of  the  bog.     Id  snifaeeH 
I  or  2  per  ccot. ;  whilst  in  the 
-t-r  cent,  is  s  commuti  proportion,   and  ||C| 
^>a]etim«  amounts  to  30  pcroeuL  u[ 
fmhlj  cut  |>eat  oftco  Dotitaios  40  or  joj 
■i  ^  |)C«t  sold  in  I>ul>lia,  alXcr  being  1 
oMUir  months,  still  rrtninft  from  |,<;I 
tSa^aria,  jicat  is  drietl  exlcu^iTt^ly  fori 
i^  at  Kiinigsbrunn  it  lias  \>eca  far 
,  puddling  funDwcs  iu  the  coavereioa] 

■nil    TiiiHmen. — Tlicse    stiHstanci^ 
!f,  rtt'tHtlt,  nnd  many  other 
^Mwil  in  tlui  tertiary  stmtn.     lo 
^  BfodurtA  of  the  artioD  of  an  derated  I 
^Vto  W«)k*;  *^^  when  this  »  the 
^  v^i  itnprcgnatr  tho  strata  nixmiid  : 
y~— ■  uf  i^)CO<is  t\K\,  »uc1i  ns  basalt 
'-itT   imiwolialc    neigh liourbootl. 
in  nguliir  bed*,  wbtcfa  appnr 
^f^r  similar  to  the  deposits  uf 
*s*  -•'^iwi  *'"^  hituuKOi  and  rcaiiu 
,11*11  niinulittt^.     Tlicy  an*  iiair 
■^  «Mt  •■  -1     !'.     Alihc 

^^\vi^-  .'i'sU  »• 

pirin^  mattriul,  and  tliffi 
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[iK  employed  in  the  formation  nf  a  sjiecies  of  blade  rortusb 

fitf  leather. 

I  Idgnitr,  «•  liroum  Coai. — ^XTii*  specie*  of  coal  generally  re- 

'VOCkdjr  UuaielUr  structure  to  a  oomiiJcrnblc  ext^Mil,  tlioiigti 

I  mfBCt  there  arc  great  ditrcTc-nces ;  as  its  name  implici,  it 

ra  colour.     Wbm  first  ntacA  it  contBias  a  large  pro- 

td  moisiurc,  amoaxiting  itoiuetiiiiCM  to  40  per  cent.,   15  or 

eoit.  of  wUicb  in  retained  after  exposure  to  the  air  for 

itii!>.     Wlit'ii  distilled  in  closed  tcsscIs  it  fields  a  coke 

^QtB  itut  cake  li>|{«tlier,   luid  in  whicli  tlicorifpiml   form  of 

Its  H  preserved  ;   the  ash  is  luHa  abuudaul  Ihan  iu  prat. 

liLcs  occur  in  tlic  tertiary  strata. 

wiiKUt  or  Caiiny  Cottl. — lliis  '\*  the  modt  highly  pmed 

coftl,  and  is  the  most  abuudaat  product  of  the  Britixli 

1b  oooun  aborc  the  old  red  aiid  beneath  the  new  red 

in  «Lai   geologists   have  termed    from    \\*  presence  the 

'ITicm   are   icreral  rarictira  of  bituminous  ooaJ ; 

of  thQ  Scotch  parrot  coal,  are  of  n  hroirnish  black 

sUtT  structure  ;  when  heated  in  closed  ve**eU  they 

quantity  of  gaseous  matter,  and  leave  a  coke  vhicli 

ipletcly  fused  and  coherent.     The  lAncashirc  cannel 

uotbcr   furm,  which   is  eharactcrizcil  by  its  conchoidal 

tli«  waxy  luUre  wiiioh  it  oxhibiu.    It  is  hard,  and  like 

cut  and  polished  for  oruamental  purposes :  it  is  of  a 

block  colour,  yields  agood  deal  of  gas,  aud  leavce  an 

fij  fused  hard  lustrous  coVe  ;  both   theae  ooals  arc  highly 

kfus  coab.  NtwcMtte  eoal  rcpreN!ut«  a  third  raricty ;  it  is  of 

I  black  colour ;  hii«  a  brilliant  lustre,  and  a  cubic  fracture ; 

villi  a   bright  lumiuuus   llanic,   aud   is   much  valued  ai 

I  Awl ;  it  furnishes  a  coke  wbieh  is  much  sRoUen,  caked 

Ind  posscwcd  of  a  higb  lustre.* 


bttnin'mirprmM  depoait  occurs  «ni(mt»l  iIi«oob1  DiMSUm  iu 
I  of  r  ii'ur  Edtabur^h,  which  bus  bt^en  sold  under 

'BocIh-mi  tl,'  aad  kaa  bt«a  cxt^bMv-ely  «niplor«d  t« 

>  nt  eaal  in  tlio  imUiiifDcturp  ofwiii  gui.      It  COR- 

of  sii  sItjuiiiiuUB  a«li.  u'Licb  retains  iho  form  of 

i  in  tJur  Of i-ft  lirv  !  «  ht-Q  dirtillcJ  at  a  loi  Uiai- 

I  \m  miiKTal  liird  oir  a  vi-ry  iafge  pro|>ortiun  of 

,.  ■>  iih  a  i-i-rlaiu  quanlity  of  iii-iiM"  Ka^eoun  hydro. 

afu-r  4!*li]Iiitii>n  i«  mn.irLnblf  for  the  omall  propor. 

IJ-.   ti.-.f  cent.),  viliicli  is  k'llbcLiiiJ  in  iIhi  luli.     A 

lM««4>oii  nlidlmf  ornot  tliut  •ubiUui«a  was  to 

I'iui*.  li.iiM'iiT.  liriog  one  raiber  of  popular 

<■  ;  or  tivurale  deflitiiiun,  iUr 

tr<.  ;^lNtl>  t^llO  ffflV  ^XUntUi-duitOU 

F«Unile«f,  mad  ih/e  conv  wma  lievtded  ujxm  a  coliulvral  issuo. 


13G 


VIRIETIZS  OF    riT-COAL. 


5.  Stfam  Coal. — Tliis  i-i  n  coal  intermediate  in  qnality  fcetiSI 
the  bituminaiis  t-oals  mid  the  aiithracitcs;  it  burns  Trccly  and  wit 
flame,  giving  out  a  steady  heat,  but  it  docs  not  yield  suffidcn 
voUtilc  matter  to  be  adTantageoiiiily  employed  in  the  prcparatio 
of  coal  gas.  It  is  well  iitti-d  fur  unc  in  tbe  steam  navy,  sinoal 
docs  not  crumble  readily  iii  the  hold  of  a  vessel  during  its  rollini 
and  it  emits  but  little  smoke.  It  furnii>hcTt  n  coke  which  Kortdj 
oaken  together,  aud  nbtch  |)0»U!iut's  but  little  cohcrcuoe  or  lun 
Much  of  the  Wcl»Ii  coal  i»  of  tliis  description.  fl 

6.  Anthradti^. — Tlie  */on«- riwi/,  or  c«/n»,  us  this  variety  is  M]fl 
times  called,  is  found  iu  the  lowetit  portion  of  the  cartioDirerS 
strata.  It  coiilaitia  but  a  small  ifortiau  of  volatile  matter,  H 
huniH  almost  without  Unme  with  a  btciidy  red  gluvr.  When  bcafl 
it  Kplintera  into  small  fragments,  a  ciiruiustanee  nhich  often  oH 
Bions  considerable  iuconvetiiencc  in  its  applicnitoii  a»  fuel,  fl 
most  compact  forms  bum  indi-t-d  with  great  difliculty.  This  iH 
in  hiaek  ;  it  has  a  high  Instri!,  and  often  csUibits  mi  iridescent  fl 
of  colours ;  its  fracture  is  Innieilated  parallel  to  the  bed  frctn  wB 
it  vas  taken,  but  the  croH  friictiirc  is  oblique  or  concboidal.  fl 
coke  obtainccl  from  it  differs  httle  in  appturance  from  the  ori^B 
roal  cither  iu  bulk  or  iu  wd)cht.  .\iitbmcitc  is  extremely  abfl 
dant  over  rast  tracts  of  Noi-th  America,  but  much  of  it  ilfl 
compact  that  it  is  scarcely  u^pliciiblu  as  a  fuel.  A  large  qaaafl 
of  excellent  anthracite  is  obtained  from  the  South  Walea  coal  ^| 

Tbe  subjoined  tallies  will  give  an  idea  of  tlie  compmitic>fl 
wood,  and  will  illustrate  the  prvigrciss  of  its  di-eay.  Tbey  fl 
fiinitsh  a  synoptic  view  of  the  composition  of  some  of  the  pruidH 
varieties  of  coal,  in  the  order  of  their  occurrciicc  in  succofl 
geological  stages.  The  proportion  of  oxygen,  it  will  be  <J 
diminishes  rapidly,  and  that  of  the  hydrogen  more  nloii'ly,  anfl 
coat  ]ia»»c»>  from  lij^nitc  towarda  anthracite,  in  nhich  form  it  ifl 
fiists  of  iicnrly  pure  carbon,  ■ 

Observation  bns  proved  that  during  those  chfinges  oxj'geM 
small  quantity  is  absorbed  whilst  airbonic  acid  and  carburtiH 
hvdrogcu  aic  evolved  in  large  quautities.  It  inuy  Iw  uortli  wfl 
to  point  ont  the  simple  mode  in  vhieh  wc  may  from  these  M 
IhcorcticuDy  explain  the  convcraion  of  wood  into  coal  uudcr  fl 
influence  of  a  very  limited  supply  of  oxygen,  whilst  the  TCgetfl 
mntc«r  is  submerged  in  water  at  a  moderate  tem{)erature.  ifl 
astign  to  wood  tlic  empirical  formula  C,,lI,,Oj,  fonnded  uponfl 
analysis  of  oak  given  in  the  table  uliich  followa,  the  nppfx>:iiR)afl 
empirieat  formula:  for  peal  will  be  i^^W^fi^-  for  Bovcy  Itglfl 
C„H,^Ojj    for  Wigau  CanncI,  C^H„0,;    aud   for   the   \W 


courovirioM  oi>  woou  xatt  coit.. 
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„tl^O.     Now,  if  8  small  ftxaount  or  oxygen,  sucli  as 

pliol  by  solution  in  water,  be  supposcil  tu  act  upon 

c,  e»ch  of  tht-w.  vrtrit-tics  of  fuel  might   bo  fonucd 

.  of  mursli  gas,  carbonic  acid,  and  water,  in  the 


PMI. 
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*ti» 


+30,=8C„H„0,+8C,H.+JoC,0,+34n,0, 
,-(-40,=8  C„Bu,oi+8  C,lI,+34C,0.+40 11,0, 

Anlbscjiii. 

of  ash  left  bj  {liffcrrnt  kinds  of  coal  ia  very  variable. 
of  coal*  tlie^xed  ush  appears  to  be  disHcininated 
\y  throtiffh  the  mftss,  but  in  ttic  coarser  varieties,  tlun 
pyritc!),  Ditd  nt  other  times,  ax  in  the  Newport  coal, 
.tninn  composed  of  tlie  mixed  carbonates  of  lime, 
I  protoiudo  or  iron  arc  found.     It  is  obvious  that 
nia  ncciir,  their  componcntR  miutt  have  been  carried 
by  infiltration.     Tlic  a»li  of  pure  coal  furiiislie*  but 
ties  of  the  aalta  of  the  alkalic:^ ;  it  usually  coataiDB 
or  maguesia,  the  bulk  of  it  consistiog  of  fiihcate  of 
variable  amounts  of  oxide  of  iron.     Vaiu  tilso  fouud 
,nd  lead  in  most  of  the  coals  wliich  lio  analysed. 

Comporilioa  <if  W»od  and  CotU. 
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l<:^-«k  c,«^  c_«A 


,.* 


{  V.  On  ftMMKXixnaji. 

{•^i)  Coder  tbe  nrm  fenxmntion,  frniucnt  r- 
<rf  h  ftartitoht  AMnf/t  wiaA  nttkBitnc  bod.. 
of  vlbcii  t&nr  beoocsc  oooTertnl  SdUi  r 
tO  «)cokol.     Mwiy  other  sabstaacci,  bovcrcr,  I" 

1^-.  t.KL.  ^  an  uulogoos  c^aztgr,  awl  tb<  Icnu  .... 

to  nnom  tnasfarautiaBS  «hich  orgoiiic  oonp 
ndcr  tlwj  iuflneoae  of  k  sottlt  quuitity  ^ 
....-It  t*  itself  in  a  stiUc  of  Ktiw  iJUmtioa. 
ahidi  b  termtAmfenmtmt,  ndtbtrr  inimrbi 
^'K   frucn,  the  sabsMorc  whit-ti    j^ 
'01^    this   i^ai^c,    tbe    txxly    «biJ. 

^1  is  gndtaJlj-  broken  np  into  t«Oj 

\*\ivr  oMDpotilioD  ;  ta  rcnun  otaca  tlie  i 

xo'Utcd,  in  others  thej  «re  •ejoiTtttcJ, 

[oMittons  vMtr  b  neither  Mfinntcd 

,.,..,.V'    «ht.H  fruit  si^ar  is  plarcd  Id  contact 

'Ufni  i»  wrapljr  cnntmrd  into  etr))(»uoj 
I  \nf  M  the  fcnncut ; 

C*M>  k.U.  .V!.'  L  I 

uitinn  of  vnta  ocvon  in  tlu* 


AVCOnOUC    FEBMEKTATtOS. 
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•lien  grape «ugar,C,(H„0,^  is  subjected  to  ferniCDtntioii,  ciifbonic 
tcii)  aud  alculiLil  ore  foriued  as  before,  and  the  dcaicuis  of  water 
an  iJiuiiDated : — 

A^in,  «hpB  catic  sugar  it  submitted  to  fermentation,  it  ssri-' 
toilam  tlic  elements  of  water,  6nt  becoming  cliaugcd  iuto  fruit 
voxar,  Bii<l  ctiU  Kiibitaitce   is  afterwiLnls  brokcu  up  into  caHwuic 
add  and  alcohol  as  before ; 

aC„IT„0..  +  nA='C„H„0„J«'»df„H.,O„=3C,0.+jC.n.0,. 

Tiio  difTcreut  varictic's  of  furmcntntion  receive  their  diatitictive 
Bame  from  the  principal  pniducu  which  they  furnjiih  :  for  cs&mple, 
vhcD  apiiit  of  wioc  ia  furmed  from  sugar^  the  chuii^i;  is  called  the 
tteoholie   or   viitoids  fcrmciitRtiuu ;   when    luetic   aciJ    ia  converted 

inio  butyric  acid,  the  procesa  is  temicd  the  butyric  fcrmcuta- 
twu,  &c. 

lu  all  cases  of  fermentation  the  following  conditions  arc 
Hieutia] : — I,  the  presence  of  water;  3,  a  temperature  ranging 
between  the  extremes  of  40"  and  110°;  3,  a  iieeuliar  ferment 
(tbc  nature  of  which  varies  in  the  diiTcreot  cbm^)  ;  4,  expo- 
»ure  for  a  longer  or  shorter  period  to  the  air;  and  5,  the  Iwdy 
ahicb  is  to  undergo  fcrmentatiun.  It  may  be  remarked,  that  iu 
BUHt  iu»lancC8tlii;comiK)uiid»  susceptible  of  fermentation  arc  crys- 
talUzable  products.  It  is  especially  to  bo  obaervcd,  although  the 
furmcnt  docs  not  contrihute  any  of  its  components  to  the  resutta 
ef  brmeotation,  yet  tbut  it  it  itself  destroyed  duriug  the  operation  ; 
like  products  of  its  deconapositiou  being  generally  discernible  niixcd 
with  tJie  reauks  of  the  fermentation.  This  fimi  liaa  ati  important 
btario};  upon  the  theory  of  the  process,  but  its  si^ificance  will  be 
best  uudcrstooci  by  tmcin|;  the  ojieraUoii  through  its  different  stages 
ib  lUe  fortnatiaii  of  alcohol. 


H 


(a)  AhohaHc  Fermentation. 

{<fi$)  Wlien  the  juices  of  plants  or  of  fruits  coutainiiig  sugar, 

Itocfa  fur  instance  as  nuu/  (the  juice  of  the  grnpo),  are  kept  at  a 

I  Inupefaiure  of  about  ^0°  for  some  lioum,  a  chaiij^e  Ix^ns  lu«liow 

itself.     "Qie  liquid  hccomca  turbid,  nud  small  bubbles  rise  to  the 

aoriiuK;  or  iu  po[Hilar  tau^uogiT,  it  begins  to  work  or  to  ferment. 

[This  dumgc  is  due  iu  the  Wnx  instance  to  the  idtcrations  produced 

[ia  lk«  alhiiminou-i  aud  anoliscd  mntterH,  which  all  such  juices  coii> 

t*in,  under  the  comWned  intlucncc  of  atmospheric  oxygen,  warmth, 

■od  noisturc.      This  as0liK.1l  ntulter  ia  decomposed,  aud  a»  iiite^ 

3  K 


130 


TROPEUTIK*    or  TEA^; 


iiae  cluuige  conimences,  which  after  it  l.os  once  began,  contiouBr 
in  vessels  from  wliicli  tlie  further  itccesK  af  kir  U  prevented.  A* 
tlif,  Icrmcntntion  piw^eeds,  a  continual  du«)(;a{^mcnt  of  heat  M 
munuiaed,  whilst  a  coustnut  cxlficAUou  ul  gas  i-outiuues ;  ttjB 
gas,  if  coUocted,  is  found  to  consist  ectirciv'  of  carbonic  actfl 
After  n.  time  the  e>caitc  of  gfiA  diminishes,  and  ftt  length  oenM-s ;  H 
the  UquiH  be  nuw  exatniiied,  the  xnect  taste  of  the  sugar  vrilt  haiH 
(li»ai>peare(l,  and  the  solution  will  huve  acquired  a  flavour  morctfl 
loM  B))intuou8.  If  thi:(  liquid  bc  di.-stilk-d,  the  First  portions  tb^| 
come  over  will  be  found  to  contain  an  iu(himma.blc  product  liglitol 
thau  water,  which  is  eutilj  recoji^iecd  as  dilute  spirit  of  nine  or  , 
alcohol.  ^ 

(1J64)  Properties  of  Yeast. — "Upon  eiamining  the  liquid  whifl 
itmaiiut  aflcr  fcnncutittiou  is  complete,  it  ia  found  to  contain  I 
luuhitudc  of  sinaU  oval  organized  bodies  which  do  not  cxcegj 
-T^th  of  an  inch  in  iliamcter,  and  which  when  viewed  under  tifl 
midtMcopc,  arc  occti  to  consi:»t  of  aucteatvd  ctdls  presenting  t^| 
Appearance  sliowti  in  fig.  359t  page  132.  These  cells  fonn  nU 
cuscutiaJ  ccuiititucDt  of  i/ea*t,  which  is  obtained  in  great  abuudan^fl 
during  the  fcrnicntntion  of  wort  in  the  manufacture  of  I)ccr.        H 

Beer  j'cast  is  the  B(tih:itnnce  which  poHsctmcs,  iu  the  higbofl 
df^ree,  the  power  of  producing  the  alcoholic  fermentation,  iff 
efficacy  in  this  respect  is  eii«il^  proved  by  the  following  cxpcri* 
mcut: — Dissolve  4  parts  of  pure  cane  nugtu:  iu  20  ))arts  of  water, 
and  add  I  part  of  frcbh  ycabt ;  then  eiiposc  the  mixture  to  a  tem- 
perature of  about  80°  F.  In  less  than  an  hour  fermentation  will 
oommciicc,  and  carbonic  acid  will  bc  evolved  iu  abundance.  ^ 

Veattt,  when  in  ila  active  condition,  always  exhibiUt  a  vligh^H 
acid  reaction ;  if  thoroughly  washed,  the  globules  are  much  lefl 
active,  but  they  again  acquire  activity  by  nxpaiurc  for  a  few  boufl 
to  thcair,  during  which  time  the  acidity  u  again  developed.  11|H 
addition  of  a  minute  quantity  of  some  of  the  vegetable  acids,  wuS 
as  the  acetic  or  the  tartaric  acid,  to  wa&hed  ycAst,  immediateW 
restores  its  activity,  but  if  a  lai^-r  quantity  of  the  acid  bc  cmploycfl 
the  process  of  fermentation  is  arretted.  The  ntroug  miiicnd  sciilfl 
particularly  the  sulphuric  acid,  wlieu  preseut  cvcu  in  small  quidl 
tity,  immediately  put  a  stop  to  the  alcoholic  fermentation ;  tifl 
same  effect  iit  u\w  produced  by  HolnUuns  containing  traces  of  bum 
phurous  acid.  It  is  also  checked  by  the  addition  of  a  sidiH 
quantity  of  free  alkali.  Many  other  circuwsfances  likewise  pal 
an  immediate  stop  to  the  process  of  fcnnentiition.  For  eaSu 
ample : — A  solution  which  contains  more  than  oue-fourtli  of  ifl 
vreigiit  of  sugar,  cauuot  bc  made  to  ferment ;  the  presence  of  jfl 
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.a( alcohol  or  uiiinirds,  atra  pate  an  end  to  the  process; 
litioa  of  B  fltron;;  solution  of  cooiuioti  aalt,  or  the  prcecoce 
B]^  tnirtHllic  salts  in  the  liquid,  aiicli  for  instance  as  nitrate  of 
,  eonmive  aiililimiLte,  and  sulphate  or  acetate  of  ooppcr,  clieclt 
rlf.     The  occurrence  of  fermentation  is  also  prcTctilcd 
tfRKDceof  small  quantities  cither  of  oxide  of  matiganest^ 
of  mcrcur)',  of  strj'chtiia,  or  of  quinia.     Small  quanti- 
F*f  liRaaotii,  of  oil  of  tnrpcntiuc,  nnd  of  menj*  other  essentia] 
,  hire  B  Mtnilar  effect.      Tf,   liowev'er,   f«rineiitatloii   hnH  utice 
the  vegetable  ha^ahavc  nospcciric  power  of  arrceting 

itheottter  hand,  neither  ftolntion  of  arscnioHsncitl,  ofwcetate 

nor  of  tartar  emetic  exert  anj  retarding  effect  upon  the 

.  of  (crmctttntion.     If  vca^t  he  boiled  for  a  few  miQiites,  U 

tnl  of  it"   jwwer   of  exciting  vinou«  fermentation.      Sneh 

iVwever,  effects  the  coriTcrsion  of  sugar  into  mucilage  aod 

Yitat  msj  be  dried  at  a  tow  tem|>enttHre  or  by  prc^sur^ 

ved  in  tliimvondilion  without  to^nig  it«  activitjr. 

pkTt  which  the  globules  of  yenat  iM-rfonu  in  cscitinj;  fer- 

is  extremely  ohscure.     These  globules  appear  to  be 

|or  p1ant«  of  R  t'crj-  low  degree  of  organization,  and  as  Euch, 

are  contiiiualijr  undergoing  cliangc.      The  following 

Bl  of  MitBchcrtich  appears  to  show  that  the  sugar  fennonta 

t  ihosc  pointjs  which  are  in  actual  contact  with  the  globules : — 

'OORettruniity  uf  u  wide  tube  opvn  at  both  cuds  a  piece  of 

ptjier  ifi  lied,  and  this  coven-d  extremity  is  plmigeil  into 

MilutioH  of  pure  ctuie  sugar;  the  liquid  quickly  peuctnites 

and  nn:9  in  the  tube,  which  may  be  supported  so  as  not 

the  luttom  iif  the  jar  of  syrup ;  if  n  stnnll  quantity  of* 

I  Ir  now  introduced  inlo  the  tube,  and  the  whole  be  set  aside 

;«ann  place,  fermcjitation  will  be  found  to  commenco   in  an 

IPT  two;  but  it  will  })e  confined  to  the  portion  of  liquid  within 

—that  is,  to  those  portions  of  synip  which  &k  actually 

with    the   yeast   globules.     The   bibulous  paper  allows 

omunieiition  between  the  liquid   within  and  without  the 

it  prPTcrilA  the  globulcit  from  pa5siiig  into  the  mass  of 

1^  outer  <rc8«el.* 


^Jmhrlnt  rnflrtH  «4ira  tbst  H  ii  powiblv  to  effpct  the  ateofaolic  fcmtpn- 

.re  of  yeast  globules,  bv  p\posinK  a  saiution  of 

<i-il  o'ilii  Krltlin  nml  rlisiL,  U<  nitrii-lj  lcni)iortturr 

lia: ,  in  ■  '     '    sir  in  ovclifled.    Tli*  soliiiioiM  imist  b* 

Iwilb  ca>  '"<!  vjtpi-nmenli  con(li>cl«il  or^r  mvrcurf. 

DOT  VI  yi-»«i  i;i<'iMiic.<  '.(  hj  00  atenat  oci^srarily excluded  under 
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Varieties  of  Yeattt. — According  to  the  obecnratious  of  Miti 
crlidi,  nlio  lias  carefully  watched  the  dcTclopmcnt  of  tbc 
plant  under  the  microscope,  there  are  two  moilificatioti*  of 
vw.,  oherh^e  (»urface  yeast),  ami  ttnterhefe  (ei-dimcnl  jenst) ; 
two  rarictics  arc  |}ro|)xgateil  in  different  iira;s,  and  each  pi 
specific  results  upon  the  fcnncntiug  liquid. 

The  mta-hi^e  U  the  fermput  of  the   Bavarian  beer,  wl 
allowed  to  fcrmeut  very  slowlj-  and    at  a  low  tempcniMire!  ] 
foriiwlion  of  ucid  hodics,  auch  &s  the  lactic  uiid  acetic  iici<ls, 
aroidcd,  and  tho  bc«r  is  more  highly  esteemed  from  tbcxr  all 
The  unterhrfe  consista  of  isolated  globules  of  veiy  varyinjf 
aioQS.     It  appears  to  be  propagated  by  spores  ihrawn  ool 
the  larger  colls,  and  not  by  bud^  and  oflVfaootft  aA  is  tbc  case 
the  surface  yea»t:  tlie  teni jieraturo  tmutt  not  be  allowed  to: 
beyond  45°  nor  to  fall  below  32°  P. 

Surface  yca^t  is  developed  rapidly  at  a  t«mpomturo  vB 
from  about  70°  to  83°,  and  \»  tlii!  nioru  active  of  the  two 
produi-iiig  the  alcoholic  fernieiitation.  The  development 
veastt  globules  may  readily  be  watched  under  tlic  micrce 
placing  a  drop  of  sotue  aacchariue  infusion,  snch  as  wort, 
two  plates  of  glaw,  with  a  miuule  quantity  of  yeast.  Tltc| 
will  ut  firat  exhibit  the  appearance  shown  at  a,  fig.  359,  wl 
can  l>c  seen  to  po)»c«s  au  outer  cell  wall,  within  which  is  a  1 
tily  of  granular  matter.  In  the  cour»c  of  a  few  liduni 
lUvsc  cclU  throw  out  buds  such  as  are  shown  at  d.      The 

I 

I  with  which  this  development  Ukcs  place,  whoD  it  lis*  01 

^^^^bteiiccd,  i>  udcii  vci^  gn-at ;  l>  iiidicwtea  a  group  of  Ihnui 
^^^nobalily  all  developed  from  the  large  central  cell ;  c  f/  -'■'■ 
same  group  three  hours  later :  wilUin  ainc   huura  .- 


^ 


.  .  a  I.I  t  r>0«l'*  IS 

lUrsf  oinrunula»es*. 

SI.  1^)  ■■■«Bilaalw« 
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on  oval  patch  of  cellules  lifid  been  Formed,  oontainiaif 

wcca  Berenty  and  eighty  aepamte  celU,  in  whicli  the  original 

wa*  distinctly  visible  in  tbc  ccutrv,  and  around  it  were  grouped 

new  celU,  dcercaaiug  in  size  towartla  tlic  circumference;  cacIi 

lb«tte  cells  contaiued  tlic  granular  iiMttcr  above  «[>okeii  of,  and 

bods  continued  to  form  upon  the  exterior  margin  of  the 

cells.     Tbc  yewt  cells  fretjuciitly  iiNstime  a  itwre  elongated 

flaltcncd  at  the  sides,  but  tUcy  coiitiuuo  to  bo  developed  in 

same  manner ;  both  varieties  may  often  be  seen  side  by  side 

tbc  micro40O[)e  at  tliu  xanie  time.     The  walU  of  thcAc  celU 

of  a  thin  membrane  which  haa  the  same  composition  ns 

idin  (Mnbler) :  and  nithin  this  membrane  is  an  azoti^rd  grlati* 

man*  which    here  ami    there  exhibits   a   kind    of   granular 

dcus.     This  granular  matter  is  soluble  in  acetic  acid,  and  may 

«  vithont  difRciilty  be  separated  from  the  cell   tucmhranc  in 

id)  it  IK  coiitaiiicd  ;  it  may  then  be  prcdpitatcd  for  examination, 

ucntratizing  the   solution  with   carbonate   of  ammonia.      The 

tent*  of  the  granuteti  may  aluo  be  extracted  by  meann  of  a 

k  solation  of  p6ta«b,  and  cau  be  precipitated  by  ncutrolizin^ 

^witli  aeeiic  acid.     When  thus  oblniucdj  tlic  precipitate  has  the 

ipertiea  and  composition  of  protein. 

thing  that  de^troya  the  vitality  of  the.«e  organized  bodies 

their  powi-r  of  exciting   fcrmcutntion  :  for  thi«  iva:>on  too 

ogfa  a  tem{Ktfatur(!,  aach  as  that  of  130^  F.,  fttopn  the  operation, 

uul  a  depression  of  temperature  also  lcm[K)rariIy  arreets  it,  though 

it  »•  lUb-d  that  crcn  after  exposure  to  a  cold  of   lo"  F.  the  fer- 

■rotatioD  is  renewed  when  the  tcmperatnrc  is  allowed  to  rise. 

I     Tbe  globules  of  yeast  du  not  increase  in  aumbcr  in  solutioi^s 

Hpare  sagar:  ou  the  contrary,  during  the  process  of  fcrmcnta- 

Bon.  tbe  gnnnlct  nndci^  a  gradual  disiotcgrution,  the  new  buds 

vhicfa  are  funiied,  bcinj;  produced  st  the  expense  of  the  material 

ftutfabcd  by  the  decay  of  otIicrB.     Fur  the  decomposition  of  ico 

f«rt»  of  sugar,    about   one   part   of  yeast,  calculating  it  iu  itx  dry 

itate,  is  required.    If  the  proportion  of  sugar  to  the  yeast  exceed  tbis, 

dieesoessof  sugar  remains  unultercd  in   the  Utjuid;  aud  if  the 

ceDa  be  examined  after  fermentation   lias  ceased,   many  of  them 

»lll  be  wen  to  !*■  ruptured  and  destpoyerl ;  aud  a  certjiin  quantity 

af  Uotatc  aud  acetate  of  unmoaiaj  aud  otlicr  amniouiucol  ^alts, 

«ill  be  found  in  tlie  solution. 

Ritt  althou;;h  the  yeast  globules  do  uot  increase  in  quantity 

in  a  aolation  containing  pure  sugar  only,  they  become  rapidly 

dnvlopK*]    {n    all    saccliurinc   v^etiihle   inftisions  during  fermeu- 

■ttai),  aod  multiply  at  the  eipcuse  of  the  azotised  matters  which 
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are  nlvnja  iirescitt  in  tlieste  liquids,  and  whicli  form  an  cs»ent 
part  of  tlio  imtritneiit  of  the  ycaet  pl&iit.  Owing  bi  tliis  aiQsel 
quuntity  of  yrast  is  iiicrcaflcd  to  nix  or  eight  bines  its  ori{ 
amount  during  the  renncntHtioii  of  liecr. 

Mitschcrlich  gives  the  following  o»  the  composition  of  ordinii 
washrd  yeast;  first,  when  in  ii  condition  to  excite fcrmcntotioa, i 
Mooiidtr,  in  the  jmrliall^  cxliaustcd  stntCj  uHer  fcrmDiitation  ha 
kocaacd  :  in  both  cases  the  aahes  haro  been  deducted  : — 


BDllrvedb. 

SpfOlrMN. 

Carbon 

.     .     47'0     •     • 

-     •    47"^ 

Ilydrojjen  . 

.     .       6-6     .     . 

•     -      7^ 

Nitrogen    .     . 

.       .        I0"0       .       . 

.      .        JO 

Sulphur     .     . 

.    .      c-fl 

O&jHuu      .     . 

•     •     35-8 

Til  this  experiment  the  nitrogen  in  the  spent  [wrtiou 
reduced  to  onv-hiilf  of  il»  former  amount.      Thia  spent  yeast,  ho 
ever,  still  contained  an  excess  of  atrtivc  granules;  but  if  euti 
esbaustcd,  it  would  ftimir^li  warccly  «iiy  uitmgm  on  aiiulyaia. 

The  inorguuic  matter  coutnined  in  yeast  amounts  to  a  con- 
siderahk'  quantity,  not  leM  than  nhout  7*5  per  cent,  of  the  dried 

.yeast.      It  consists  entirely  of  iihosphatcs  of  potash,  soda,  lime, 

[and  (ODgDesia  (Mitt^chcrlich). 

Pnsteur's  experiiucut»  seem  to  render  it  prohahle  that  in  all 
coses  alcoholie  fermentation  )&  connected  with  the  a»iimi1iitiou  of 
the  sugar  liy  the  yeast  plant  duriuj;  the  development  of  the  yeast 
glohulca;  even  when  the  glohulcs  arc  mixed  with  a  solution  of  pure 

.sugar,  he  considers  that  during  the  whole  pi-ocess  of  fermeiitaiiou 
a  devolopmcjit  of  fresh  globules  i»   lukiu];  place  at  the  expense  of 
tliosc  which  we  undergoing  decomposition.     The  futluwtiig  is 
of  his  experiments: — A  quantity  of  washed  beer  ycfist  was  divid 
into  two  aiuul  portions,  one  uf  these  wm  placed  in  a  snlution 
pure  Mtigar ;  the  other  portion  was  hoilcd  with  water,  tlic  dococtton 

.was   Rltpreri,  and  the  filtrate  added  to  a  similar  portion  of  p 
•yrup.  A  niiuutc  quantity  of  fresh  yeast  wius  now  added  tothesccoi 
portion.     In   the  fir«c  ctsc  ^  parts  of  yeaat  cficctcd  the  tratisfi 
malion  of  12*9  of  sugar  in  six  days,  and  tlieii  heeame  exhati 
tu  Ilic  second  case  the  liquid  iiecaoie  turbid,  fresh  yuast  was  fur 
(at  the  expeioc   of  the  azolised  i^otiilion   derived   from  the  yi 
globules),  and  10  parts  of  wigar  underwent  fopmentation  in  ni 
days.     It  appeared  therefore,  that  during  the  conrersion  of  tb 
Kiluble  portion  of  yeast  uito  organized  globules,  a  quautity  ofsugar 
was  dcoomixwed  nearly  equal  to  that  decomposed  by  an  e^uivaltut 
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Pmraouat  of  yeast  in  its  niitiinil  state.  Pnstcur  coiiEt<ler«  tlint  the 
tMontiiU  conditiou  of  fermentation  Is  the  conversion  of  albiirai- 
Doict  raattcr  into  or]|;aitizfid  globiilca. 

The  following  atialj-sc*  by  Graham,  Ilofmatio,  and  Redwood, 
thaw  tlinl  during  fcmientalioii  the  axotiwid  matteni  in  the  liquid 
Bre  reduced  in  quantity,  irbiltt  llie  ycm«t  plants  arc  becoming 
(lcfelo[)c4  ; — I'alc  malt  wort,  of  sp.  gr.  i-o88,  which  contained 
About  21  per  cent,  of  solid  tnatler  before  fermentation,  yielded 
O'Ziy  per  cent,  of  nitrogen,  which  would  cnrrcspoiid  to  3*43  per 
rent,  of  albumen  ;  sAer  ful  I  fernienlation  and  removal  of  the  yeast, 
the  nitrogen  amounted  only  too' 134  per  cent. ;  this  existed  no  doubt 
pftrtly  iu  llic  form  of  aramoniacal  »alt*,  but  if  all  were  calculated 
a>  aJbameo,  it  would  amount  only  to  s'  1 1  of  that  suhiittance. 

The  composition  of  iho  conlcnu  of  the-  gruuulcs  of  yeast  has 
already  been  elated  to  bear  a  close  relation  to  that  of  albumen. 
This  circumstance  may  niford  soniv  clu«  to  the  reinHrkablc  fact 
that  ycart  is  never  furnished  escept  by  the  decomposition  of  albu- 
minons  matten).  Y&rious  bodies  which  contain  nitrogen  ftimish 
it  whcu  thpy  liaic  once  begun  to  decay.  Thus  white  of  egg, 
mii»eular  tissue,  and  cheese,  during  decomposition  in  the  presence 
of  aacchitrine  solutions  produce  these  globules,  and  tmc  fermen- 
tation begins. 

Dcrthelot  has  shown  that  by  employing  an  azotieed  subatam» 
nicfa  as  tha  tissue  of  the  pancreas,  or,  still  better,  a  portion  of 
caxia  obtained  from  poor  cheese,  and  adding  chalk  to  the  liquid 
lo  prevent  it  from  acquiring  an  acid  reaction  at  any  time,  a  numlici* 
of  mbfitaucea  not  hitherto  reganled  a»  ausceptihle  of  the  aleolmlie 
fimueutation,  may  be  made  to  furnish  alcohol  and  carbonic  acid, 
whilst  a  portion  of  tactic  or  of  butyric  acid  la  Jurm<.-<1.  The  tem- 
pmttore  of  100°  F.  i»  that  most  favourable  for  obtaining  these 
rRnilta,  and  a  period  of  scrcral  week*  is  often  rctjuisite.  The 
laaintonattce  of  the  lii^uid  in  a  neutral  state  by  means  of  chalk  or 
uioe  corruponding  sub«tance,  is  an  cascntial  condition.  Not 
Duly  do  the  ordinary  sugara  furnish  a  certain  amuuuC  of  alcohol 
wbcu  thus  ircatcl,  but  stareh,  eorbiti,  uiid  gum  give  similar 
raiiiltA.  Even  oiannite,  dulcito,  and  glycerin  may  thus  he  made 
to  yield  aleubol,  hydrogen  iu  these  eases  being  dcvelojied  at  the 
uoic  time.  During  the  progrcw  of  these  fermentations  it  was 
not  pouible  in  any  case  to  det«!ct  the  conversiou  of  the  gnui,  the 
Mandi,  the  dideite,  the  surbin,  the  mannite,  or  the  glycerin  into  a 
(ivmcutuble  vuncty  of  sugar  as  an  iiilcrmediute  step  in  the  act  of 
icnaeotaiion  J  this,  huwevcr,  was  most  probably  because  the  sugar 
nu  decomposed  as  fast  as  it  was  formed.     A  small  quantity  ut 


136 


PItORRESS   OF    PKRIIKNTATIOK. 


igascous  nitrogen  vas  commonly  fonnd  amo»g«t  Uic  products,  and 
Pwos  traced  to  tlie  decomposition  of  the  tizotii«cil  matter  which  occun 
uimultancously  with  the  nictnmorpliofiis  of  the  saocharinc  body.     | 
"        (965)  Proffrets  of  ftrmew/iifio/i.— Much  interesting  inforniu 
tioi)  relative  to  tbc  changes  which  Holutiuns  uf  sugar  of  varioul 
kinds  undergo  during  ft^rmen tat! on  may  be  obtained  by  cmmioiiia 
them  at  intervals  hy  means  of  a  bcnin  of  (JolHrixed   light.     If  i 
solution  of  starch  eu^r  1)C  mixed  witli  yoast,  tlic  right-handca 
LTOtatioii    which  such  »iignr  ]kk<:'C»soi    in   itit   natural   state  slowlj 
"diminishes,  tu  a  degree  proportioutd  to  the  quantity  of  sugar  whiefl 
has  undci^onc  fermentation  (Mitschcriich).     Hut  if  n  solution  q 
iuverlfd  Cim«  augiu-  {937)  he  wnlctiwi  in  like  rawiiur  from  time  td 
time,  the  jihciiomcDH  are  more  coroptieatcd  ;  tho  Icft-h&udcd  rotal 
tion  undergoes  no  decrease  until  about   thrce-fiftks  of  the  sugid 
has*   heen    dcconsiKwcd,  after   which   the   rotatory  power   rapidly 
diminishes  as  the  fermentation  jirooeedit,  bnt  there  is  no   inversion 
of  the  rotation.     Dulirnufuut,   nho  made  the>c  observations,  re- 
marks that  this  miciystalliitablc  sugar  must  conMSt  of  a  mixt 
of  at  Iea*t  Iwo,  and  poj«ibly  uf  more  ntodiitcutious  of  sugar  ;  o: 
of  which  U  neutral  aiitl  k  that  which  is  first  fermented,  and  t 
Lftther  is  po9»e»«ed  of  left-hundvd  rotation,  and  does  not  uude 
'fermentation  until  the  neutral  sugar  has  all  been  decomposed.' 
[jtan.  de  Chimie,  III.  xsi.  17a.} 

It  has  been  already  ineutioncd  that  when  cane  snjpu:  b  sub- 
jected to  the  vinous  fermentation,  it  uiidergoesapreliminary change 
in  consequence  of  the  necesitity  of  assimilating  tho  elements  of     | 
water.     Owing  to  this  circunislancc,  a  mucli  larger  quantity  of 
yenst  is  required  in  order  tu  produce  the  fenncntaLion  of  sucroi^ 
or  Cftnc  iugar  than  is  needed  by  glucose.     Berthclot  stales  that    ^ 
the  ferment  by  which  this  conversing  of  cane  sugar  is  convcrtedH 
into  glucose  is  conlnined  in  thb  »olublc  portion  of  ordinary  yeoft,^^ 
and   does   not   reside   in  (he   globules.      It  has  been  observed  by 
Diihruufnut,  that  if  a  solution  of  eniic  sugar  uhicb  has  hcen  luixi 
with  yeast  be  examined  by  polarized  light  before  fermentation  coti 
mcnces,  the  rotiilory  jxiwer  njion  pulnriKed  light  will  be  inverter 
aud  it  will  ho  found  to  have  1)(.>C(}tiic  lert-hnnded,  ahowiug  that  tin 
cane  sugar  has  acquired  the  additional  amount  of  water  which 
ncc<led,  and  ba^  tlierehy  become  altered  into  un  crystal  Useable  sugar 
The  same  change  is  also  strikingly  shown  by  the  increase  indensitj 
which  a  solution  of  cane  sugar  undergoes  previous  to  entering  int 
fermentation.      This   eircnmslanco  was  pointed   ont  by   GiahamJ 
llofmann,  aud  Redwood,  in  tlicir  researches  upon  the  decrease  il 
deusity  wbicli  saccbarioc  solutions  undergo  during  fermcutatioo.' 
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pr  -UU-port  upou  Origma]  Gravities,"  Q.  /.  CAct*.  Soc., 

ru  ncertainul  by  these  chemisU  that  Then  quniitilies  of 

r,  •Urcb  iu^ar,  carutDcl,  mid  drxtnu,  wtik-b  coiitaiiictl 

:il>t)Ci  orcarlion,  neredinsolvcd  in  M:itcr  and  tliluti^d  till 

X  irerc  oqiinl    in  wtigM,  ttio  density  of  thc^c  eolii' 

iTUKd  ^rratly,  Ks  will  lit-  cvkU-nt  on  iiisiicirling  tin;  fnllowing 

t!  frwD  wkieli  it  appeura  ou  euiupariug  liig^lWr  (jiiiinti licit   of 

lit  Kiluliaus,  cf^ual  wcJjjlitH  of  wbicb  contAiu  cqttal  quanti- 

rbon.  that  etarcli  »ugar  fiimiabea    the  ftctucnt  ealution ; 

come*   mult   wort,  trWivM  owes  H«  »weetue*s  to  atarcli 

r;  ttuie  ooiijcs  cane  sogmr ;  vbiUt  dextria  ^res  a  sotatioD  of 

'  ipecific  grartiy ;  and  caraoid  a  aolatioti  the  least  dense  of 

fibe  ■ubstaiice*  (.■ompurcd  togctbec :— 
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'.bat  1 75  grains  ofcsne  sugar  were  dissolved 

j'l  iUiuU:(l   lUl  it  weighed  icco  gmius ;  it 

ft  »p.  gr.  of  1*07^9.     This  solution   if  com'ert«d   into 

-    nTd  iKVome  increased  in  "iiroific  gravity :  so  that 

•-itch    augar    which   cunlaitied    in  loco  grains  of 

iagunnttt^  of  this  sugar  which  would  be  furuishcd  by 

|uf  caoe  sa^ar  n>ntaincd  In  the  lirst  eulutiou,  would 

<.-nlcd    in  the  siK^jiid  culuiuii,  a  epccific  grftvitjr  of 

r,  nindr  for  the  piirpoac  of  obsen-iiig  this 

-  1  ^(ilutioQ  of  rauc  sugar,  to  which  u  suf- 

'  >f  yeast  bad  been  added  to  cficct  its  fenneiitation, 

t  bail  a  #p.  gr.  of  1  -05 j,  twoamo  in  the  Mur»e  of 

,-.  (p-.  of  1-058,  though  uo  fcrmc4itation  had  set  iu. 

eipcrimrut,  a  aohitiou  of  »p.  gr.  t'053,  contnining 

■■„"bt  of  ye<ut,  iaoreiuwd  in  specific  gravity  m  tour 
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days  to  a  »p.  gr.  of  fC579,  althoiigh  no  «)iiiciir4u»ee 
tioii,  or  of  other  chauge,  watt  iiiauifi.<stj  luss  hy  Bva^ 
carefully  pruvctilcd. 

n']i«ii  sugar  ia  fcmentcd,  It  is  iiKsumcd  In 
wholly  oouvcrtcd  into  carbonic  ncid  ani\  olcohot ;  bat  in 
tbi<  IB  never  tbc  cue.  It  waa  fotind,  by  the  diemi&ta  jut 
in  tbree  careful  experiments  oii  the  fermentation  of  oue  i 
which  li,  3,  and  6  inwi»iures  of  yeast  were  respcctitrcly 
too  mcoBures  of  the  syrup,  that  4*4,  3*7,  uikI  yjl  per  cci 
sugar  were  con  verted  into  a  brovn  soluble  sabatoacu  re 
caramel,  and  .at  the  sarue  time  a  little  ^^!e  lactic  acid  wai 
Pasteur  (Ann.  de  Chimie,  HI.  Iviii.  313)  finds  ttucdnic  ai 
produced,  ctiual  iu  quantity  to  not  Ictts  tliait  cj  per  c«ii 
weight  of  the  sugar  employed.  The  »ume  chemiiit  &1mi  61 
glycerin  i»  one  of  the  usual  products  of  tin;  alcoholic  fertncut 
quantity  EOmctimcs  amounting  to  3  per  cent,  of  the  sugar  t 
Tbcsc  Hre  obviously  seoonclary  result*,  duo,  prol>al>ly,  to  tt 
passage  of  the  ferment  tlirougli  different  phases  of  dl 
tioQ. 

(i)  Fermenttttiott  t^  Breed, 

(966)  CompatUion  of  Brxad  Stuffi. — The  ferment 
takes  place  during  the  muiiufacture  of  bread  i&  merelj 
tion  of  the  alcoholic  fermcuutiun,  produced  by  the 
yeast  ujuu  the  saccharine  matter,  which  is  cithrr  naturall 
ici  the  flour,  or  u  developed  by  the  action  of  the  fei 
the  Btarch.  The  chemical  procciE  of  bakinp,  however,  ( 
rightly  understood  without  a  knowledge  of  the  ordinary 
tion  of  (be  priucipnl  varieties  of  flour  employeil  in  the  pi 
of  bread. 

When  com  is  ground  in  a  mill,  the  groin  is  re 
powder,  which  may  Ik  aeparatcd  hy  aifting  tnto  two 
portions — flour  and  bran,  llic  bran  is  cotnposcd  of  th« 
colours)  outer  covering  of  the  grain,  nhich  ia  loDghcr  ag 
than  the  internal  portions,  and  coasetjuently  ia  not 
grinding  to  so  fine  a  state  of  diviMoo  :  the  Dour  ia  pr 
puhenziitton  of  the  iimer  purUou  of  the  grain. 

Tlie  most  important  eonstitaencs  of  the  roriotica  1 
fond  arc —  i .  starch;  3.  gluten,  a  ptvndiar  aobiitanee  i." 
which  eoufcra  the  tenacity  am)  louglmesN  upun  iU>< 
proportion  of  sugar,*  or  <»f  d«Ktrin  ;  4.  a  little  oily 
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qunntity  of  &al!uc  matter;  and  6.  a  EVcIcton  of  ligacous 
s,  wliicb  is  the  only  portion  of  the  need  not  Hujceptihle  of 
Bticm  iu  the  stonmcb.  Tlie  proporiious  in  which  these  in- 
lients  are  present  in  some  of  tbc  principal  varieties  of  grain 
used  as  fotxl  nm)-  be  ttecn  in  tbe  Hitbjoiii<;d  Uilili;.  Thcjr  varv, 
however,  coiuiderably  in  the  name  frraiu  wlicn  grown  iu  different 
clioiates.  Ttic  prDportiou  ofgUiten  contained  in  wlieat  grown  iu 
soutbcru  parts  of  Europe,  uiid  in  tbc  iiortli  of  Africii,  is  con- 
My  higher  than  iu  the  best  KngliBh- grown  wlieat;  and  the 
thin -skin  tied  wbcata  fiiniiah  a  larger  proportion  of  gluten 
tbc  softer  varieties  of  tbc  grain. 
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The  principal  portion  of  the  woody  fibre  i»  uccuniuUu-d  in  the 
b&ni  but  this  Hubstauoc  liken  iec  contains  a  targe   proportion   of 


rwni  Bolataoo  of  the  Sour  irns  examined  by  optical  moanff,  and  ho  did 
I  Uiat  time  was  diuolred  more  frei-ly  bv  this  eolation  thau  by  pure 
'        If  •uiptr  Mere  pKS«ut,  Uio  lime  aiiutiid  luire  be<;a  diisdoUud  m  pri>- 
,  to  the  ijuuitii;  of  lugu-  ia  llw  ii*iiiid. 
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))Utritt*c  matter,  for  Wlh  gluten  uad  oUj'  matter  arr  'Icpwit 
it&  cells  more  abiiiKlimtly  than  in  u.ny  otlier  part  of  tl>e  grain;] 
may  be  seeu  by  the  result  of  its  sualj 
given  ill  tbv  prccodipg  table.     Fi^> 
diowK  a  st^ctioii  of  jiart  of  it  ^ruii  of 
highly  magiiifictl,  a  indtcnting   the 
forming  the    outer  eoai  of  ihc  eccd;j 
n    )'iii);lc   row    of  cells   fot-n'iiig  the  in 
seed  coat ;  c,  b  layer  of  cells  coiitaii 
gluten,    (these   three  togrtfaor   form 
brnn ;)    d,   the   white   tnrer  part    of 
seed   filled  with  stareli  ^udes,  lodged.  | 
the  mcRhes  of  the  cellular  tissue. 

(1^67}  GiVTEN, — Tliia  cliiu^ctemtic    ingmliriit  in  the  ce 
seeds  may  be  otrtsiue^  in  a  separate  form  by  mochaiiical  at 
The  flour  is  made  into  a  pnstc  or  dough,  with    <r;itcr,  and  pi 
ill  a  hog  of  fiuc  linen,  in  which  it  ie  ItncadcU  in  n  gentle  »tr 
of  water  so  long  as  the  wasliinga  have  a  inUky  appearanee : 
sLirch  is  by  this  menus  removed  in  ttugpeu^mri  in  the  water, 
the  Dugar  and  the  dextrin  are  diasolved.     1  ,k}li  the  doth  is 
a  grey,  vtlcky,  tenacious,  tasteless  «ubatance,  rcM:iiihling  bird-Ul 
in  appearance,  eonsiKting  mainly  of  gluten,  mixed    with 
quantities  of  bran  and  starch,  and  traces  of  oily  matter. 
dry  it  fornu  a  bard,  brownish,  horuy-loohitig   mu«t.      The  glut 
ohtiiinrd  from  wheat  and  from  rye  possesses  a  peculiar  tet 
which  is  not  obsencd.  to  anything  like  the  same  e.\lent,  in 
obtained  from  the  other  ocreala;    and   it  is  this  tenacity  of 
gluten  which  especially  fits  the  flour  of  wheat  and  rye  for  coiw 
sioR  into  bread.     Gluten  is  soluble  in  cold  acetic  acid,  nud  iu ' 
aoliitione  of  potash  or  of  soda.      It  may  ho  precipitated  uncho 
from  cither  of  these  solvents  by  neutralizing  them  esnctly  with 
acid.     The  diluted  mineral  acids  rambini:  with  glutei)  and  fore 
compound  which  is  iusoluble  in  excess  of  the  acid.     Glutca  iu : 
moist  state  putrefies  rapidly,  ammonia  is  formed,  whilst  hydro| 
and  carboui(;  acid  are  evolved,  and  the  mass  acquires  the  stnelli 
decaying  clicesc.     Gluten,  however,  cannot  be  regarded  as  a 
definite  body;  it  conaists  of  at  least   two  distinct  substances, 
of  which  is  aolublc  in  hot  alcohol,  whilst  the  other  remains  udi! 
colrcd  when  treated  with  this  menstruum.     This  insoluble  pu 
ia  regarded  by  Liebig  and  by  Dumas  as  vegetable  fibrin.      Aa 
atcohoUc  solution  cools,  it  deposits  Hocculi,  which  hnrc  the  con 
sition  and  properties  of  casein.     A  third  substance  still  rcn 
in  the  alcoholic  liquid^  aud  gives  to  this  solution  a  syrupy  or  { 
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Qon»  conttinteocc.     On  Ibc  addition  of  valcr,  a  irtiitc  Hubstancc 
Bembtiiig   albumen    )«  precipitated  ;    Duidilx   and  Calioun  have 
Srmed    it  gtutin  :  on  treating  it  with  ctbcr  a.  small  quantity  ol 
itis  extracted,  and  the  gliitiii  is  left  in  a  state  of  purity  :  it  may 

0  diaaolved  by  strong  liydrocliluric  acid,  and   communicates  to  it 

1  molet  tint.     It   is,  therefore,  oliviotu  that  raw  gluten  contains 
ereral  axotised  principles,  wliicli  differ  considerably  in  cfaemical 

4ok1t  nllied  in  ultimate  eorapotitioa  :— 
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{'.)6S)    Preparation  o/Kreatl. — In  ttic  preparation  of  brrad,  tbe         ^H 

bar  geiienlly  requires  the  sdditioa  of  about   linlf  its  weight  of        ^| 

nirr,  but  tlic  proportion  varien-  with  tbc  quality  of  the  flour.     It        ^| 

■  tbe  vaual  practice  to   mix  a  certain   quaiif:ity  of  tlie  flour  vllh         ^| 

yca*l,  aUt,  and  lakewnrm    water;    afier  which  it  ia  thoroughly        ^M 

Waded   into  a  stifT  paste,  or  dough,  aod  put  aside,  at  a  tempera*        ^M 

tare  of  about  70^,  for  au  hour  or  two.      The  ma&s  gradually  hwcIU         ^H 

9f,  or,  as  the  balcer  terms  it,  the  sponga  rises ;  that  is  to  say,  tbe        ^| 

■gir  iu  the  dough  is  decomposed  by  the  yeast ;  carlwnic  acid  is        ^| 

ttt  free  at  all  pointa  of  the  mixture,  and,  being  ini|iri!tuned  by  the         ^H 

Ifnaoiotw  nature  of  the  dougli,  tbe  gas  caiiws  it  to  hmcU  and  become        ^H 

^HmBii.  TVhen  the  spouge  ia  in  active  fermentation  it  isthoroagbiy        ^| 

Poeadod  ititb  the  remainder  of  tbe  flour,  water,  aud  salt,  and  act        ^| 

basdc  for  a  few  hour*.      It  is  then  Lnendcd  a  second  time  and  cut         ^H 

^Ka  fuem  of  tuitahle  aire,  after  which  it  is  put  into  an  oven        ^| 

Hfeated  to  a  point   between  430°  and  550'' ;  the  heat  causes  the        ^| 

^b|Ki*onc<l   air   to  expand  still  more,  and   gives   the   Iiglitue««  of        ^| 

^Ltant  which  cbaracteriies  good   bread.     During  the  prooou  of       ^| 

^hkiog,  part  nf  the  water  is  exjielled,  1 1 7  parts  of  dough,  on  the        ^| 

Bwnragc,  yielding    100  of  bread ;  the  granules  of  starch    become        ^H 

leoRfntMl  into  the  paaty.or  gelatinous  condition  :  the  temperature        ^| 

\  iftltc  cnimt)  n(-Tcr  exoceda  311°,  but  the  exu;riial  surface  of  the        ^| 

Upf  gradually  bcoooiea  dry  and   bard,  and   losing  a  portion  of  its         ^H 
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dicmicollj  combined  natcr,  is  partiully  cnqtcrtcd  into  a  salstancs 
allied  to  caramel  (936},  ihiu  forming  tW  trtutt.     Tbe  bre«d  a  U  ' 
this  iiiaiiTicr  permnnciitl;  fixed  iu  tbp  »1inpe  »hicb  it  ha«  acquired. 
During  this  baking,  the  aU-ohul  fortnti}  iiv  'tccompositioii  of  the 
nigar,  wliich  corT«»ix)tid!t  in  quantity  to  tb&t  of  the  cnHmuic  aai, 
is  pspellcd :    some  years  ago  a  comp^Jiny  was  formed,  in   whH 
opc^rations  the  collection  of  this  spirit  foniici  an  important  obj^| 
TbU  end  was  attained   hj  performing   Uie  baking  in  closed  otoH 
furniBbed  vith  a  still   head  for  coIWtittg    and   Mndensing  9^ 
vapours.     The  project  was,  however,  soon  abandoned,  and  fsilM 
IB  a  commercial  speculation,  owing  in   great  measure  to  tb«  ^H 
uiipiilalable  nature  of  the  brea<l  produced.  ^M 

The  French  frequently  employ  /eaven  as  a  ferment  instead^l 
yeast.  Learcn  is  dough  kept  from  a  previous  batch  for  tireo^l 
four  lionn*  in  a  varm  placo,  till  it  has  be^iin  to  undergo  fcrmca^l 
tion  siKiutuncunsly.  TIk>  dccouipoEiliou  wliich  hue  commenced  in  dl 
lesTcn  spreads  through  the  fresh  mixture  into  vhich  it  is  kiicadcH 

In  EnglfiTid  a  ft|>ecie!<  of  imfernicntcd  brmd  hox  lately  bifl 
manufactured  to  Bomo  extent ;  iu  this  case  alw  the  sponpneuH 
given  to  the  dough  by  means  of  carbonic  acid,  but  it  is  set  free  ]H 
the  action  of  hydrochloric  acid  on  carbonate  of  soda  ;  oomm^l 
gait,  a  necessary  ingredient  in  bread,  being  formed  during  t^| 
reaction,  and  a  sj^ciea  of  bread  is  obtained,  vbich,  as  might  fl 
expected,  is  sweeter  than  ordinary  bread,  but  not  bo  light.  A  gdfl 
bread  of  this  dcscriptimi  may,  according  to  Pcrelra,  be  obtain^| 
by  mixing  the  materials  in  tbe  following  proportium : — 'Wh^l 
Hour  7  lb.,  carbonate  of  soda  3<iO  to  50O  grains,  water  IJ  ptn^l 
hydroeliloric  acid  ^lo  to  ^60  grains.  The  soda  and  flour  a^| 
first  intimately  mingled,  and  then  made  into  dough  with  t^H 
mixture  of  acid  ami  water.  If  the  suda  be  not  equally  an 
tlioroughty  distributpd,  it  is  detected  after  the  baking,  by  tiB 
formation  of  a  yellow  ^yot  around  any  portions  of  it  that  hafl 
esea))ed  neutrulization.  An  ingenious  nictbud  of  pn'p.iring  nfl 
fermented  bread  has  recently  been  introduced  by  Dr.  I>augli;d^| 
lie  forces  gaseous  carbonic  acid,  at  a  pressure  of  100  lb.  upon  ^| 
!ic]narc  inch,  into  the  water  which  is  to  be  used  in  preparing  t^| 
dough,  nnd  adds  the  aerated  water  to  ttie  dour  and  salt,  cflcctil^| 
their  intermix^turc  by  machinery,  whilst  tbe  whole  is  retoio^l 
niider  pressure  in  a  strong  closed  iron  receiver.  The  dough^l 
then  dniwn  ofT  into  pans  or  moulding  baskets,  and  bekcd  in  ^H 
usual  way.  As  soon  as  the  pressure  is  removed,  the  dough  n^M 
from  the  cxi>niision  of  the  earbonie  acid  nhicfa  has  beeu  tlins  iu^| 
matcly  diffused  through  it.  ^M 
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SpoDgiDe^s  and  lightness  of  texture  iue  also  Mmctimcn  giren 
try  by  the  employment  of  acsquicarbonate  of  Kramouia,  n-liich 
Biixcd  with  the  dongh  instead  of  venst :  on  the  npplicAtioa  of 
hat.  the  Mdt  is  expcUrtl  iu  the  gaseous  state,  aiid  by  its  cxpansioQ 
nechauicalty  produces  ttie  desired  effect. 

In  the  lnlt<.-r  cn«c  it  is  not  improbiiblc  that  the  alkahiio  nature 

the  salt    has  an  important  influence  upon  the  ciuatity  of  the 

Liebig  lias  obserred  that  in  ccrtuiu  cases  the  eniploymcDt 

Mme  water  in  the  maniifiicturc  of  bread  mav  he  resorted  to  nilh 

advantage.     In  order  to  understand  the  elTect  thus  produced, 

it  mut  be  remembered  Hut  the  peculiar  toughacss  and  clastic 

qoality  posscaacd  hy  the  dough  furnished  from  the  flour  of  ccrtun 

of  tbe  cerealia,  is  dependent  niton  the  glnteu  which  they  contain. 

It  has  hctn  observed,  that  when  glutun  is  kept  in  a  moist  state,  it 

aailergoca  a  change  in  properties,  in  ronscqueiice  of  which  it  slowly 

'Idks  its  Kift,  eliutic,  inaol able  condition,  and  becomes  converted 

into  ■  sabstaace  closely  resembling  diiutosc.     In  this  sLute  it  acta, 

M  Oilling  has  shoim,  ujiou  the  stiirch  of  the  flour,  cawtiiig  a  con- 

adetablc  amoiinl  of  it  to  pats  inu>  the  form  of  dextrin  and  of 

ts(ar.     Bread    prepared  from  such   flonr  is  sticky,  heavy,  and 

toddca.     The  courcrtibility  of  good  flour  into  dough,  by  the  oddi- 

tiuQ  of  water,  depends  upon  the  peculiar  power  which  fresh  gluten 

ppwwica  of  combining  with  water,  and  of  forming  with  it  a  sofl 

■eBttcioaa  soljBtaucc  vhich  docs  not  yield  its  water  to  dry  bodies 

fbced  ia  contact  with  it.     Glutei),  however,  is  n  very  hygroscopic 

nWiuioc,  and  whcu  flour  is  kept  exposed  to  the  air  for  Bum>t> 

I    it   gnuhially  abiwrbs  moisture  j  in  conaci^uence  of  which  the 

^..^■^ti  tlowly  uiidergoea   the   [leculinr   cliangc   above   nii;ntioncd. 

Thit  change  ui  the  qualities  of  the  gluten  occurs  more  ruptdly  in 

7t  Sour  than  in  wheat  Hour. 

It    baa    been   a.-ic<:rtnincd  by  Licbig,  that  flour  in  which  the 

|ltttro  has  andcrgonc  this  partial   change,  may  have  its  original 

foiliiiea  restored   by  the  Riib-<titutioa  of  lime  water  for  comuou 

•  -•t  in  the  preparation  of  bread:    ico   parts  of  flour  arc  to  be 

.  wilb  i6  Of  37  parts  of  aaturated  linic  water,  and  n  «ntlic-icticy 

linaiy  water  must  tie  added  to  fiiruish  dough  of  tlie  proper 

teooe.    A  givcu  weight  of  flour,  when  treated  with  lime  water, 

.  'und  to  yield  j  or  6  |>er  cent,  more  breail  thnn  when  made  in 

ibn  ordinary  way,  aud  the  bread  so  obtained  is  stated  to  lie  more 

H't^>le  than  common  bread. 

It  ia  to  be  hop4t<)  tlint   this  simple  rcctliod  will  supersede  tlie 

tayioymvnl  of  uluw,  which  is  commonly  resorted  to  by  English 

IjfcVn,  to  whiten  the  bread  and  to  improre  the  tenacity  of  the 
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dough  of  inferior  flour.  Even  sulpliate  of  copper,  a  Btill  nunt 
deleterious  in^^rcdiiMit,  wtiicli  in  oiiiiutc  iguautity  exerts  a  similar 
eflKCt  upon  tlifi  dough,  has  been  emploj'ed  in  tlclgiiiiu  nail  cWwher^ 
for  improviug  the  appearance  and  epongiuctm  of  the  ioaf.  Odhog 
attributes  the  action  both  of  Umc  vtatcr  and  of  alum  in  improrinf 
the  whiu-nc»  of  bread  to  the  power  of  preventing  the  trait^fom> 
iog  idQuuiicc  of  the  altered  gluten  upon  the  starch.  The  brovu 
colour  of  60-caIIcd  '  brown  '  and  '  seconds '  bread  Iia^  been  KbowB 
not  to  be  doe,  o*  i»  frctjueotly  suppow-d,  to  the  presence  of  bnn; 
for  Dour  from  whicli  alt  the  bran  ha^  been  carefully  removed  will 
yield  a  browu  bread  if  mixed  vith  nu  infusion  of  nialt,  instead  of 
vrtth  water.  Thi-  change  of  colour  appears,  therefore,  to  be  duo 
to  the  partial  conTersion  of  starch  into  dextrin  during  the  fcrmcnta. 
tion,  and  not  to  the  presence  of  the  colouring  matter  contained  ia 
the  bran,  vhich,  indeed,  is  rather  of  an  orange  than  a  brova 
colour.* 

A'ew  and  Stale  Bread. — Newly  baked  bread  exhibits  a  wclU 
known  clastic  &pi)caRtnce,  and  posaessea  a  certaiu  degree  of  moii* 
tore,  which  renders  it  more  juilatiible  to  moist  persons  than  brend 
which  has  been  kept  for  a  day  or  two,  and  has  Iweome  finner  and 
drier  in  appvarnnn^  and  which  ia  cumnionly  said  to  hare  beoonw 
alalia.  It  is  vorv  generally  supposed  tlmt  thiH  change  in  propertka 
in  bread  wliicb  haa  been  kept  for  a  ftw  days,  ia  owing  to  (he 
loss  of  water  by  keeping.  This,  however,  is  not  the  case.  The 
crumb  of  ucwiy  baked  bread  wheu  uohl,  euntiiin*  a1>out  45  per  cent. 
of  water,  and  that  of  etale  bread  ooutaiiu  almost  exactly  the  same 
proportion.  The  difference  in  properties  between  the  two  dependi 
MCDply  upon  differcuec  in  moUvnlar  arrangement.  Bou8.iingault 
fouud  tliat  a  loaf  which  had  been  kept  for  six  days,  ttiougli  it  liad 
become  very  atale,  had  not  lo»t  more  thiui  1  ]icr  ceot.  of  its  weight 
wUcu  ucw.  This  Game  luaf  was  then  placed  in  the  oven  for  an 
hour,  and  at  tlic  end  of  thnt  time  it  had  acquired  nil  the  proper^ 
ties  and  appt-nranec  of  new  bread,  altbougli  during  the  socood 
baking  it  ]o6t  ^\  per  cent,  of  water.  In  another  experiment  t 
portion  of  brcftd  mut  cncloew^  iu  a  tight  case,  to  prevent  loas  of 
water  by  evajioration,  and  allowed  to  become  stale,  then  heated, 
and  was  restored  to  the  condition  of  new  bread  ;  these  effects  wera 
produced  altcroately,  many  times  in  succession,  upon  the  saoM 
piece  of  bread  :  a  heat  of  about  130^  waa  found  to  be  anfiieient  Ift 
reconvert  atalc  into  ucw  bread.     Krery  |>erson   who  haa  kcb  • 


*  An  inlcrcstins  report  bj  ChcTreii),  upon  th«  tnre«ticiiiionii  of  M^ffr 
MoinH^.  anil  iiixiii  a  new  ineihod  of  breaa-making  which  be  hu  founi; 
upou  ibMD,  «iU  be  fiMUtdin  tho  Campttt B<*Jm*  for  Jauuafj,  iH^",. 
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stale  brtail  taasted,  msf  have  MtUfiad   bimsolf  tliat 
iloriu;;  Uiif  opcnliou  bucu  courvrtcil  iuto  tlic  asuac 
:hat  of  ticw  broftU. 

(e)  Lartie  Fermentalion. 

luw  mlrcxdy  been  meutioaul,  tbat  sugar  of  milk 
lurgo  tbc  rinoun  rcnneutatton  Quder  onlinarjr  or- 
Milk,  if  it  Ijc  kept  in  a  wnrm  lempeiittiirp,  niny, 
log,  be  convened  iatu  &  ^pirituuu^  liijuor,  which  i» 
nsc  amoDg  tbe  Tartars,  who  prepare  it,  under  the 
iu,  from  mareii*  milk.  ?MQi-e  commonly,  however, 
when  aUuwed  to  fcnuciit,  yields  u  produci  of  a  very 
lire ;  laelic  acid  bciDg  formed,  as  mny  be  sccu  in  the 
of  milk  turning  sour  in  warm  •cathcr.  TliiR  acid, 
ed  fbnn  (110,0,11^0,],  bju  tlic  same  uUiuiUitc  com- 
Dgar  of  milk  ;  its  oxygen  and  hydrogen  being  in  the 
foetn  »«tcr  :  but  the  nrrangcmcnt  of  its  ptirticles  u 
tnl  tlian  that  of  sugar  of  riitlk;  and  its  formation 
ood  iDstuioe  of  tlie  reduction  of  a  complex  Imdy  into 
tUir  ranstitation,  by  tbc  process  of  fcrmeutAtion.  In 
caicin  or  curd  of  the  milk  wliich  is  the  basis  of 
,  acts  as  the  fcmicnt.  C%9cin  \x  rvudcred  in»otublc 
oe  of  acids,  aud  therefore  it  bccames  aeparated  in  tke 
utile  tlocculi,  as  soon  as  the  niilk  turns  soar.  When 
tuu  bccu  thiu  rcudcrtd  iiiboluble,  the  couvcraiua  of 
acid  takes  place  very  alovly,  but  if  tho  add  be 
yj  carbonate  of  noda,  or  by  clialk,  tbc  curd  is  r«di8< 
tbc  fermentation  or  trau»formatiou  is  rcDcircd  in  its 
T.  No  extrication  of  ga*  nor  a!jsorptio»  of  oxygen 
ig  (br  pitKt-sH ;  tho  only  perceptible  chuii«c  being  tbc 
tpouraDCC  of  Migar  of  niilk  and  tbc  prMlucLion  of  this 
icndnl  with  tlie  evolution  of  a  ]>eculiiir  ofTcniiive 
m  thn  dccAy  of  the  eaML-in  wbieb  acttiui^tnaii-s  tbc 
.  According  to  tho  obecrvations  of  Boutron  and 
n  '  '  matlcnt  undcrgoiitg  dccompoditioa  ar«  bke- 
(1  '.lug  the  same   trauaformation ;    moistened 

exposure  to  the  air  for  a  certaja  titnc,  and  muscular 
,  at  n  pxriic-tdni-  htage  of  their  dccompoai' 
j<ropcrty.     Hut  when  the  liccompoHtioa  of 
c  has  advanced  b«yond  t1iis  particiilar  stngc,  djf* 
t»  arr  oHtairicd  :    r<.TTUC(itntinns    or    irati^rontialiotw 
tnic,  "i'Xii   the  rt>,siilta  of  these  cbaugc-E  arc  quite 
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ilUTcmt,  inasrauch  as  uotionit  of  a  tuitur«  different  from  tl 
reqairetl  fur  jiroilui-ing  Inctic  acid,  arc  taking  place  io 
body  operatirm;  ta  a  fermeat.  Not  only  sugar  of  tuilk, 
starcbj  dcKtrin,  cane  sugnr,  and  gum  piws  rcndily  into  luetic 
under  the  iufliienoc  of  caseiu  and  thfi  otliur  ferments  air 
meotioaed. 

This  subject  will  be  further  cxaminod  Qudcr  the  bead  of  la 
Mid(n38). 

(d)  Vucoaa  Fermentation. 

(970]  Under  certaia  circumstances,  sugar  bccoinr«  trnmfo 
into  A  QiucilaginoiM  sulratunoe,  unattended  by  any  Gvotiition  off 
the  liquid  lose*  its  sweet  taste,  aiid  actjuire*  a  ropt/  consistence,  1 
in  Bomctioics  observed  wlicn  sweet  wines  are  kept  for  a  time, 
miicilaj^iiious  substance  iit  inf^olublc  in  alcohol,  and  yields  a  pr 
pitatc  with  itnbacetate  of  leai],  but  it  difTent  from  ordinary  gum 
not  yielding  mucic  acid  wliea  oxidized  by  nitric  Bcid.     A  solut 
of  tannic  acid  produces  a  prccipit&te  when  added  to  such  a  liqi 
and  check*  the  progress  of  tlic  fprmentation.     This  ciicunutai 
explains  the  observation,  that  red  wiiiRH  which  contain  a  good  1 
of  oBtringcut  mutter  derived  from  the  hii«k  and  stalks  of  the  graf 
are  uot  liable  to  become  ropy.     The  tendency  of  a  sweet  liquid 
become  ropy  i»  also  arrested  hy  the  presence  of  solphnpous  acid  I 
of  ahim  in  small  quautitics ;  the  alum  causes  the  precipitation 
the  ferment  in  an  insoluhlo  form. 

It  has  been  found  that  varions  sulistances,  such  as  Iwiled  ye 
or  the  water  in  Hliich  ft<mrorrice  has  Ijccu  steeped,  spcredilycai 
sugar  to  unik-rgo  this  transformation  ;  and  the  sweet  juice  of 
beet  rout,  owing  to  the  presence  of  an  analogous  substance,  if  li 
in  a  warm  place  for  a  few  days,   »pontaucously  passes  iato 
viscous  state.     A  quantity  of  inannitc   is   usually  formed   at 
same  lime  iu  these  <!ases. 


CHAPTKll  III. 


THE    ilCflllCIU   AKO    ETIIKM. 


^  L  ToK  Alcohols. 

tral  Characlert  </  Ike  AleohoU. — Tlic  term  alooliot 
aj>|ilioi')  Kpecificalty  to  the  volutilo  iiiflammablc 
;  wliich  is  the  cliaractoristic  prodiiot  of  ibe  fcr* 
sngAT ;  but  it  has  siuco  Ijccd  made  generic,  nnd  is 
I  to  ■  claM  of  hollies  which  pouess  chemical  qualities 
thow  of  wine  alcuhul,  anil  wliidi  are  bomnlo^ues  ol 
CO.  ludecJ,  tliiB  class  of  conipouiida  has  alrcudy 
KDC  ktrikiiig  illuslraliuiis   of  tlic   c:t i.->tciicc  of  lioitio- 

ali-ohnl,  hoTTCTcr,  ha>  received  a  still  further  estcii- 
IS  now  aji)ilird  to  all  ncutrn)  compounds  of  carhoii, 
id  o:iygeii,  iihitih  iioite  directly  with  acids,  water 
,trfl  ihibil  clben>  are  prudmrL-d,  The  etlicra  ao  uh- 
dfea  itcutrxl  compouiida  of  peculiar  coustitutioit. 
rehps  haw  iaderd  led  to  the  diucovcry  of  several  di»- 
of  alcoboU,  inoliidiii';  monoluMC,  dibasic,  tri)>a»ic, 
groups.  The  moiioh^ic  alcohols  nrc  those  which 
ttjgest  known,  niid  tlicy  are  ttie  most  numerous  and 
lit. 

f/i«    hologouM    mtk    the    Monobasic    Atcohoh    and 
Efnw. — Tbe    pro^rcu  of  rtwtaroh  into  the    product* 
i'ln  of  organic  conipauods,  bus  dinelo^f-tl  the 
k  'k-T  of  groups  which  bear  a  clo&c  relationship 

■tbe  tnoDobMie  alcohols,  nircady  advnrtcd  to :    tkU 
p,  hv  is   not   ouc  of  homulogy ;  for  if  thi;   new 

v;<jU9   with    tboAe    proiously   known,    ihey 
Tct  be  meniben  of  the  group  to  which  thctc  bodies 


of  wltieh  we  are  now  spcakinj;  are  iaoloffoua  with 
■t  ia  to  my,  that  tbc  compouudft  which  constitute 
Igpnpt  are  tvlatfd  to  i^ach  other  in  a  mgnuer  similar 
I  oompoocuta  of  the  nlcuhol  group  with  which  they  arc 
taample,  a  claas  of  compounds  ia  Icdowd  to  Uic 
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oompovcd  with  tbc  assimilatiou  of  Hie  dcuuits  of  water  inloil 
ncii],  and  iu  to  gljrccriu,  a  boil^  wliicli  iu  this  rc»prct  ]nv«cut*an< 
witb  Blcohol ;  but  he  did  not  see  tlic  prrrise  diflen-H' 
pletCDCSs  of  tbc  paniUvl  kiu  only  rcccutly  been  f^'.-^ 
distiDCiiou  between  the  two  pointed  oat.     Bertbclat,  b^  i 
experiments  ( io59)  tiM  shown  (bat  the  iieutrtl  fiita  un  deril 
three  utums  of  a  rnonnhasic  acid,  and  oiiv  Btom  ot  gUctrriu ; 
bciug  io  {MCtairuilomicaJcohol,anA  pTiCieittingscoii8titutio54 
bas  its  raproientattveamon^'  the  acidfl,  in  the  tribivic  phospt 
Stearin  (CjIIjO^j  C„II^O,),  for  inslaiice,  conasLs  of 

And  if  glycerin  Im:  s  triatODoic  alixihol,  tliccomporitiira 
and  that  of  stt^ann  may  be  represented  m  follows,  on 
3  double  molecules  of  water  : — 

Wut.  OlronI*.  Ci 

lutenuedialc  between  Uiie  triatotnic  alcohol,  glycerin, 
the  only  one  of  this  scries  at  [ireacut  known,  is  a  st-riM  of) 
alcolmln,  the  glycoU,  the  exi»teuee  of  which  v^i  inftrrretl  bi 
and  nbicb    by  eynthetic  opcratious  he  succeeded  in  dii 
Tbcy  are  purely  arlificiat  bodies  obtained  fioai  the  hydr 
the  oletiaut  gaft  series  (1044). 

The  glycols  yield  compound  ethers  which  are  derived 
atoms  of  a  bydrated  a«id  and  one  of  tin-  glycvd,  to  thai  the 
represented  as  formed  ou  the  type  oflwo  ilouhle  moleculcB  1 


WaM. 


or 


;  CJI.O„aC.Ii,0,. 

Ill  tbc  ca5c  of  glycerin  the  trihnsic  radicle  (C,HJ"' 
contains  iutprcues  its  character  upon  tbc  compound  ;  wM 
glycols  tiiC  dil)ftsic  hydrocarbon  (C,HJ"  or  ime  nf  ita  b 
imparta  11  dibasic  conslilution  to  (be  body. 

The  active  *tudy  of  tlte  voioj-ornuls  of  »hi' ' 
glycol  are  tbc  reproenlaUvc*,  i*  daily  bringing  to  I- 
of  new  bodies,  and  rapidly  uitcmling  our  viewa  upon  tbu 
tioo  of  many  organie  l-odic  of  vtjry  f.  .  .     '         '        , 

VctT  txntu^Av,  tt  appears  to  be  vci;   ^ 
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Table  of  hologous  Grovpi. 


(»)  Oompoiatdt  of  (ht  Bkylit:  Smei, 


Olid*. 


ChloTida. 


C,,H,-,,1,0,    (C„H„*,)01 


Elbar.         HjdiDchLir.EUipr 


<c,H^,o,  i     c.H.a 


Alwbol. 


iidtiji. 


Tolttil*  Acid. 


I 


C„H.„AHO  (C,.H„-,0,.H)  HO,C..H„_,0, 


AlcohoL 


Acetic  Aldebjd. 


Acctls  Aoid. 


HO.C,H,0, 


C,H,O.HO    ]      C,H,0,H 

(b)  Oonpomdt  of  the  AUytic  Stria. 
C^H,^1,0,    C„H,— .a    ■C,.H„-.O.HO  C„H„-,0,.H  HO,C„H.,_,0, 


tUr  or  AII7L  CUoridaorAllrl,'   AllTlie  Alwhol.  AcrolelD.         I      Aoiylic  Add. 

'(C,H,),0,  ■  '       cIh]c1       I    C.H.O.HO  C.H,0,H     \     HO.C.H.O, 

(()  QuApoandt  of  tht  BcuZ'dc  fer'iea. 

;„H„_,),OV    C„H„_,Cl    U,.H„-,0,HO|  C,„U,»-,0,H  HO,C,.H,._,0, 

I  I  I 


CUorids  of  Oil  or  IliltPr 

Bfnimu-.         Banioic  Alcohol.  Alniouilii. 


C„U,C1  C..U,0,HO 


Brniuia  Acid. 


t:„HA.H        IlO,C„U.O, 

I      Toluic  Acid. 


j   I10,C,.H,0, 
Cuminic  AlcahuL.      Oil  oT  Cummin.         Cuminic:  Acid. 

(J)  Compoandt  of  the  Cinnainic  Serli*. 


;C,„H„-,0,HO 

81yron», 


C.,H„.„0„H  HO,C,JI,„-„0, 


Oil  of  CinnmuEjD.     Citinamic  AciiU 


C„H,(VH         UO,C,.H,0, 


;)  Po/ybasic  Alcohols. — In  addition  to  the  various  alcohols 

i  we  have  spoken,  and  which  arc  aU  moiioltasic,  and  formed 

H") 
E  type  i»(0.',  we  meet  with  others  of  more  complicated 

tion  formed  upon  the  types  of  ri^fO^  a»^  II^C*^"'  "^"^  ^^ 

gher  multiples  of  II^O^.  Chcvreul,  when  he  published  his 
f  researches  upon  the  iatty  bodies,  pointed  out  the  analogy 
I  the  fixed  oils  and  fats,  and  the  compound  ethers;  when  under 
mce  of  bases  they  undcrweut  saponiticationj  they  were  de- 
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oompoKd  with  tbe  asairoilatign  of  tbe  elements  of  water  into  a  Ta 
itcicl,aiidiutoglyconu,  a  Ixxlywhicli  lu  thisrc)>pevtpre!(eiiUatiuiu 
witti  alnobol ;  but  ha  Au\  not  sec  tlie  precipe  difrereDi-e,  and  the  i 
ptoteuess  of  the  panillel  liaa  otily  receiitlj  bceu  cstabliabcd,  aad 
dittincliuu  between  the  two  poiDt(.-J  out.      ficrtlielot,  1>y  tyitttictio] 
experiments  ( 1 069)  has  sliofni  that  tlic  neutral  fats  arc  derived  fn 
three  atoms  uf  u  muuuliasiciicid,  uml  one  atom  of  glycerin;  glyt 
beiug  in  Pact  a  trUttomic  alcohol,  And  presenting  a  constitution  wl 
liasitA  re|jrcsentativcnmoiiptlie  acids,  in  thw  tribnsie  phosphonci 
Stearin  (C^lljOj^  3  Cj^II^jOJ,  for  iustiuicc,  cousista  of 


C,u". 


And  if  glyceriii  be  a  Iriiitomic  alcotiol.  llie  composition  of  gly< 
mill  ttist  of  ftcariri  may  be  represented  as  foUonSj  on  the  tjr^ici 
3  double  molecules  of  water  : — 


No 


luteruiediate  between  this  triutoinic  alcohol,  glycerin,  wliidii 
thf  only  one  of  tbia  scrica  at  present  known,  is  a  soricB  of  di»t« 
alcnhol».  the  glycols,  tlic  existcucc  of  which  wa«  iufiTied  by  Wur 
atid  vhich  by  syntlictie  operations  he  succeeded  in  discuviiii 
Ttiey  are  purely  artificial  bi)die»  obtained  from  tbe  hydrocarbons  j 
the  olofiniit  gas  »enc»  (1044.), 

The  glycols  yield  compound  ethers  which  arc  derived  from 
atoms  of  a  hydratcd  acid  anil  one  of  tbe  glycol,  so  tlint  ihcy  nm»y  ' 
rcprcjontc-d  as  formed  on  tbe  type  of  two  double  molecules  of  nalcr 


w«i«-. 


Hi°< 


Arilo  itfcullc  Hhtr. 


or 


oirooi. 

cThA 


Blued  am  at  ^ooL 


Ill  tlic  caw  of  glycerin  the  tribasic  radicle  (C^H,)'"  whidil 
CQiitains  tinprcs«ca  its  character  tipon  the  compound;  wbil»t  iu 
glycob  the  diliasic  hydrocarbon  (C,I[J"  or  one  of  its  bomologt 
imparts  a  dihaitic  constitution  to  tlie  body. 

The  active  stndy  of  llie  coin])Oimds  of  which  glycerin 
glycol  »rc  iIk;  rcprcwiitativvi!,  is  dully  tiringing  to  light  a  multttuj 
of  new  bodies,  and  rapidly  extending  our  views  upon  the  coitatit 
tion  of  many  organic  bodies  of  very  complicated  compositioa. 

Fur  example,  it  appcarv  to  be  Tcry  probable  that  loauuite 


ratVBJuic  iitxonoLt. 


^in  ara  polybuic  alcohols,   maaaitc  and  gincose  being 
Mt  bczatomic — 


Hnnril*. 


OhoMM. 


palyKtomic  «)c»1iol  liaa  its  hydrocarbon  riuliclc,  its  corre. 
[etiicn,itsaldch)r(l4,  and  itsaiiids,  aud  all  thc^e  facte roluuoua 

irroia  the  alcobol  sire  ihcmselTes,  like  it,  itolj-atomic.  A 
Je»  ar  tlic  vurv  uuoitroua  bodies  which  arc  corrclftteil  hj  this 
'  be  &>rme<I  from  au  e\amiuatioD  of  tbo  subjomtrd  table : 


Tn*  Q  7  n,  MftuUtfmU  JImW*  a»J  DtritutiHt. 


UUkji.      Mi. 


AktUt. 


C.H.O.IO.H.O. 


ri«|d«kr. 


Type  „'  I  O,  Diatomie  A UiAUs  and  J>trirtlitr*. 


MoMMUUorOiyiol. 


OMtpOBadBUs,. 


'C.H,0.C,H,0; 


rraivrtlnBM*  of  10117]. 

c.W.n.o,  ' 


HO.O,U.0,C.H,0, 


C.H.O,)C.B.O, 


H0,C.H,O„C.U,O,' 


Di*wl  jj^jpyl  Cllj™!, 


C^.O,iC,H,0, 


fomiRL    t;,U,o,  »  HO.C,H.(>„C.H,0, 


tKucnls. 


ao,i;,H.o^»i;,D,o, 

TriuHln. 

C,H.0,,{3,H,0, 


U2 
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A1thou;*T)  many  oP  these  polj-ntomic  slcoboU  are  act!i 
bodies,  yet  the  t«tiidy  itf  thin  cla.i«  of  conipotinds  iwaeattj 
attrnctioru)  to  the  chemist,  as  it  Is  oiuoiigst  theac  ftubstad^f 
iimiiy  of  the  most  tiiterc§t!ng  and  extenairely  diffused  ^M 
compounds  ootMu,  us,  for  in!>tjii)cc,  tlif)  eugnra,  the  dificrmt  fij 
of  mannitc,  glyccrluj  and  uU  Its  compounds  io  the  nitural  fata 
fixed  oiU,  I 

(y74)  Ckaraeteft  of  the  Aleohoh  of  tlu  group  {C(,IIj,,/S 
The  monobasic  alcohols  liomatn^uH  vitb  ordiuary  alcolM 
fonaed  either  by  a  procvM  of  fcriuentation  from  Bugar,  MM 
vitfa  etlij-lic,  tritylic,  Ictr^vhc,  anylio,  aud  hcxylic  ala^H 
by  dcstnictirc  distilbtioi),  as  in  the  praparntion  of  wood  ^H 
by  trcatiog  certain  fatty  bodies  with  hydrate  of  potaMM 
thi>  pnH>^«t  of  obtuiiiiii^  octylic,  laur^rlic,  cctylic,  oerytic,  andfl 
sylic  alcohols.  J 

Many  of  the  alcohnls  may  also  bv  furmod  BVUtheticaUj^i 
solving  \\it'.  diatnniic  hydruetirbona,  such  as  etIiyU-tio  and  trij^H 
oil  of  vitriol,  dilutiug  Uiv  liquid  and  then  diatilltng;  tito^l 

L  BlkjIdM.        Snlpk.  M*d.  AbMtaol.  Salrh 

'  c]h^+2  ri0,S,O,  +  i  ho  =  C^H,Oa  +  3'llO.."',j,i,  I 

or  they  may  he  obtained  by  cau»n|;  a  liydrocar^Mit  of  the  eul 
Mfice(iC44]  to  combiiic  with  ahydrarid.and  then  dccotnpottd 
compound  bo  obtained  by  longr  continuitl  exposure  to  the  Kfl 
bydrate  of  [wtiiflh.  berthelot  has  iu  this  wayobtaiiied  trityltc,  m 
octylic,  nnd  cthahc  alcotiob,  by  the  reaction  ^hoffu  in  the  e^n 
which  follow:—  Trt«,ia.f.  o.i<«s«*<4Mifi.  J 

I  cX  +  HCl  =  C^ciT  and  ■ 

^P  C^l  +  K.0  JIO  =  CJ  i^+  KCI.  I 

r       Hie  alcohols  prcaeat  Ihcmtsdrcs  in  the  forni  of  liquids  orj 

which  are  lighter  thnu  water.      The  lower  terms  of  live  sag 

frwiy  Koltiblc  in  voter,  bnt  they  Imcome  less  so'i*^       ^  dl 

portjua  of  carbon  and  hydrogi'u  incrca»c«j  tho  hi^'  m^ 

•erws  becoming  mcceanvely  more  riscid    and    n. 

I  which  an*  solid  at  ordinary  temperatures  are  iii'-  i 

w  aod   rcscntbtc  tlie  fata  in  appcjirancc     The  Ion  <  ^ 

•eriea  may  be  volatilised  wititoutexjMTieneinjj  d«->-  t^| 

boiling  [Hiint  of  each  alcohol  is  alwut  71"  lower  tlu  " 

fatty  aciil  which  it  yirlds  by  oxidation. 

i         Thn  fDllowing  i»  a  Hat  of  hotllc*  at  proc'  1 

»cIon^  to  the  cinat  of  &al»Ukaeci  homcilo]{otu  wit'>  3 
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Ua  there  can  be  no  doubt  tKat  as  scieuce  progresses  this  ti&t  will 
be  eiteodcd,  and  that  ullimxtet^  an  alcoliol  will  be  found  corrc< 
xpontHii^  to  each  tern  of  the  8eri«s  of  the  volatile  acids  reprcsteated 
hf  the  general  formula,  II0,(C4.H„_,)0,:— 


.A]coli«b. 

Form  u  in. 

1 

Speniic  Grftvit J. 

Boiiiai 

w-lut 

■t. 

(CriiE,«*AJ  «r  (P^H«<  *,0.BOl 

J,lquU. 

Vapour, 

via 

I'oa 

3U7 

aw 
45 

1 

1 

1.  Wcod  «pirit,oriDv  } 
Uijlio  kIdoUo]  .    j 

i-Spint  or  wine,  or 
elbrlie    .    .    . 

.1  Tnlylip.orpropylio. 
t  Tf-trjlio,  or  bul^lic  . 
-,  Fuiucl  oil,  or  amj lie 
'■  n«ylic.  ortufrous . 
'vlio    .    .    .     . 
n'.  or  cipnrlic  , 

i6  Kilial.  or  crtjrlio .    . 
iT.CpTDtui.  orofrrlic    . 
39.  M«ljMiti,or  meliaa^lio 

■ 

C,n,0,ocC,  HjO.BO 

C,D,0,..C,H.O.HO 
t'.H.O,  ,.C,  II.O.HO 

c,  ii„o,  „c,  n.o.uo 

C„1I,0,  ..f.\,H„0.HO 
C„ll,.O,„0„H..0.HO 
C,.II,.0,..C..H,.O.HO 

c,n*o  .,  c„H„o.no 

c„ii„o,  ..C„[I„O.IIO 
L"I.'leO|..C„H„O.HO 

0798 

0-8 1^4 

o»33 
o'Sig 

0  8J3 

'499 

173 
106 

399-309 

3BI 
35^ 

I 


I 


The  fonmiljE  of  each  of  these  suhstanccs,  it  will  Ik  atrcii,  ooii- 
tuns  3  atoinN  of  oxygen,  corabiucil  wiili  qiinntiticti  of  carl>oii  aad 

'(■jxlrogcn  in  which  the  mmiber  of  atoin»  of  hydrogen  iilwiiyi"  ex- 
ottds  by  two,  tlie  number  of  atom*  of  carbon  ;  an  even  number  of 
uom»  of  carbon  being  Klways  present.  The  alcobcib  may  all  bo 
regarded  ns  corujiound  oxides  of  hydn^ii  and  of  a  peculiar  hydro- 

.csrbon,  of  which  the  geucrul  foriaiita  is  Cj,llj.^.„  or  as  formed 

from  a  doubU*  molccidc  of  water  ,.  vO,  in  which  oue-half  of  the 

bydrogCH  hu  been  displaced  by  an  cquiTaleut  of  a  hydrocnrbon, — 

f^  tt  '* 
onlituuy  alcohol  being  represented  upon  this  view  as      *  ul ^v 

Tho  other  equivalent  of  hydrogen  admita  of  being  displaced  by 
potaadum,  sodinai,  and  other  metallic  bodies,  and  under  cer* 
loin  circitmstaticvs  by  a  s<.-coud  cqiiiTiilcDt  of  11  hydrocarbon 
dthcr  identical  with  or  annlogoiia  to  tlie  first,  thus  giving  rise  to 
the  Ktmplf  or  double  ethers  (9H9).  The  general  furinula  of  an 
ilcoliol,  tlicrefore,  may  be  represented  as  Cj,llj,+jO,,  or  (Cj,Hj,+,) 
<0,UO.  The  alcohol*  by  imperfect  oxidation  furninh  aldehtfds ;  and 
the«e  bodies  by  the  futtlirr  Bbsorptiou  of  oxygen  yield  acidt :  the 
latter  in  their  hydrutnl  rurnieoiilaiii  the  same  numticr  of  atoms  of 
carboo  at  iIk;  alcohol  from  nbicb  they  were  procured,  but  t  atoms 
laa  of  hydrogen  and  s  atoms  more  of  oxygen,  than  the  alcohol ; 
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(vitle  tabic,  {uge  ^5).  These  fattjr  acids  may  be  obtnincd  in  com* 
bia&tion  with  potai^h  by  Iteating  Uie  alcohol  irith  hvdrate  of  poCaab 
(980}.  TIic  alcoIioU  arc  further  chaniL-(criz(;il  b^  yirltling^,  -whcd 
treated  Tith  aulphuric  tutiA  and  other  dehydratiag  compounds,  fl 
class  of  substances  tcTiueil  el/iers,  whicli  admit  of  bciii^  rcj^ardctfl 
aji  ak»)1ioUj  minus  1  atom  of  water,  tlioiigb,  ns  vill  brrcaftofl 
be  explained  (989),  there  is  reason  to  believe  that  this  does  nam 
truly  reprcscDt  the  moilc  of  Ibcir  formation.  f 

(975)  '■  Wood  Spirit  ;  MdhyHc  Aicohot,Qr  Pj/r<Ktyli€  Spirit ; 
{Cj,HjO,HO=32):  Sp.  Or.  0/  lii/«i,l  at  ja"*  0-8179;  ^J  vaitwr 
l'i2;  BoiUntf  pi.  140°  Kane;  14,9"  Kopp. — Wood  spirit  ban  not 

I  u  yc:t  been  procured  by  any  proccis  of  fcrmcntatioD ;  it  ts  fotiaal 
amoiig»t  the  volatile  products  obtained  liy  the  destructive  di«tillM 
tion  of  wood  at  a  high  temperature  in  closed  vessels,  aocouipauiofl 
by  a  large  quantity  of  impure  acetic  acid,  acetate  of  amaionin 
acetntc  of  methyl,  tarry  matter,  and  varioii*  hydrocarbons.  H 
lias  also  been  ohtnined  nrtificinlly  br  Rcrtbelot,  by  acting  tipog| 
marsh  g^is  by  chlorine,  and  tlecom posing  the  chloride  thus  obtained 
by  means  of  a  solntioii  of  potaah. 

Pwrification. — ^In  order  to  isolate  methylic  alcohol,  the  crude 
products  of  the  distillation  of  irood  arc  rectified  by  the  heat  of  a 
water  hath,  and  the  product  ix  distilled  from  cjuickltme,  which 
retains  the  acetic  acid,  the  water,  and  tarry  matter.  The  wood 
tiaphtliA  of  commerce  is  simply  rcctilicd  from  chalk  ;  as  thus 
pared  it  i«  a  mixture  consisting  chiefly  of  methylic  alcohol  ai 

[OOCtatc  of  ninthyl,   with    certain   oily    hydrocarbons  insoluble  i 
mter.     la  order  to  frcn  it  from  these  impurities,  the  commcra. 
spirit  may  he  saturated  with  chloride  of  calcium,  which  foi 
with  pyroxylin  spirit  n  compound  not  deeomposable  at  the  tcin 
ratnre  of  boiling  water:  the  mixture  is  subjected  in  a  retort  to  the 
hcut  of  a  steam-bath,  and  the  volatile  portions  arc  thus  ccpclled^l 
The  residue,  which  retains  the  wood  spirit,  is  mixed  with  uq  equi^^ 
weight  of  water,  by  wliich  the  spirit  is  displaced  from  its  combi- 
nution  with  the  chloride ;  and  on  renewing  the  application  of  heat,     ' 

'  pyroxylic  spirit,  mixed  with  a  little  water,  i>a»»es  over;  a  second 
rectitieation  from  <j^uicklime  furnishes  it  in  a  state  of  purity. 

Wijliler  obtaiiiK  wood  spirit  in  a  pure  state  more  readily  h 
convcrtiug  it  first  into  nicthyloxalic  ether  (1014}  which  being 
stdid  may  be  purified  by  crystallisation  ;  when  thiH  etber  is  slmpl 
dihlilled  with  water,  it  is  converted  into  oxalic  acid  and  wo<m1  spirit :' 
the  latter  may  then  be  rectified  from  iiuicktimc,  by  which  mca 
it  is  obtained  pure  aud  ia  the  anhydrous  form. 

L        Properties, — Wood  spirit  is  a  limpid,  inflammable,  coloarlcM 
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Itciaid,  of  a  paictrsting  epirituou»  odour,  and  &  disngrecslilc  buniiug 
taste ;  the  cmpyreuioatic  vmcll  commonly  odwn'Tcd  is  due  to  iut- 
liuritics  in  Uit  prxluct.  It  has  a  sp.  gr.  of  0*798  at  68*".  It  is 
wlubtc  in  water,  atcoliol,  aud  ctticr,  in  all  |nroportions.  It  is  very 
inftammable,  nndbunis  with  a  |ialc  Bamc,  fiinu»hiiig  carlxinic  add 
■nil  water.  When  pure  it  docs  not  reduce  the  suhnitratc  of 
umruTy  if  mixed  with  iu  solution.  Pyroxjiic  spirit  tniies  readily 
with  the  esseutial  oili*,  and  dissolves  many  fatty  bodie*  and  rcKins 
with  facility.  Its  principal  application  in  the  arts,  as  crude 
wood  uaphtbn,  is  founded  upoa  its  power  of  dinsolvitig  the  renins, 
triiicb,  when  thiu  di»Kilvcd,  arc  ctopluycd  as  varnishes.  A  »ohi- 
tiOB  of  blicll-Uc,  and  other  rcMins  in  woikI  naphtha,  is  extensively 
Dacd  for  stiileiiiug  tlic  b:L8is  of  silk  hats.  'Hie  hydrates  of  the 
Ulutlies  are  soluble  in  wood  spirit,  bat  thry  immcdintdy  colour  it 
bfDwti.  Lre  lued  tWm  reaction  as  a  meanit  of  discovering  small 
quantities  of  pyrosyliv  spirit  nbcn  miied  with  olraliol  ;  since 
>l«ohol  ta  uot  tliua  altered  in  colour  until  after  a  considerable  lapse 
oTtino,  Caustic  harjt:^  ih  Kotiil>le  in  wood  spirit,  funniiij;  with  it 
a  cfjfstftUiaablc  compound,  BaO,  C,II^Oj ;  and  many  ealls  form  deli- 
ule  ootnpounda  with  it ;  that  wiih  chloride  of  calcium  (CaCI, 
iCjH^O|)  ciystttllizing  iu  sis-sided  tables. 

tt  has  already  been  mentioned  Ihat  when  alcohol  ts  nuhmitted 

to  a  gradual  and  iocouiplcte  oxidation,  one  of  the  products  of  the 

opcfBt>«>ti  is  aldehyd  (1077),  which  pas»es,   by   furlhcr  oxidation, 

iitta  acetic  acid.     Now,  wood  spirit  may  in  like  manner  be  sub* 

[jmed  10  partial  o&idatioci,  under  the  influence  of  finely  divided 

Iflitiaum  ;    and,  though  the  dilferent  ftagcs  of  the  process  have 

leto  Inai  sat tv facto rily  iiive-^ttgatcd  than  those  wbicb  occur  with 

onlinaty  akobol,  it  appears  that  an    intermediate    subKtauce   is 

ifniicil,  which,  hkc  aldchyd,  lias  the  power  of  reducing  the  salts 

lofalvcr;   and  finally,  a  strong  solutiou  of  formic  acid  is  produced. 

I  Ttiis  ueid  stands  in  the  same  relation  to  the  methylic  aeries  that 

1^  acetic  doea  to  the  etliylic  scries:— 

Aleehal.  AolK  AnJ.  ^ 

c^iW^+Oi  =  iio,c,H,o,+  n,o,j  1 

Wool  !)pin(.  ?aniis  ktii.  S 

This  method,  however,  is  not  nn  ativaiitjigooiiN  one  for  the  prepa- 
ntiah  of  foriuic  acid,  since  it  is  ditficult  to  prevent  the  oxidation 
from  goin;;  a  stage  further,  aud  couverting  the  formic  acid  into 
ntbooic  acid  and  water  ; 
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^Mlen  n-ood  spirit  ia  heated  modcratclj  v-hlikodQ-Umc,  for 
of  the  base  is  produced,  and  bydrogcu  ia  liberated : — 

Wosd  •piril.  FonniMa  ^Miki 

H0,CjH^+N«0,HO  =  Nab,C,HO,  +  2  Hy 

Tf  camfic  |)Otiish   )>c  emplojrcd  iiitttcnd  of  RtMia-limc,  oxalate 
pol&»h  u  fortULtl,  whiUt  a  larger  evolution  of  hjdrogoi  occurs >• 
Wootvlrit.  Onl 


,« 


a  (HO,C,H,0)  4-2  (K0,H0}=2  KO,C.0,+5  H,. 

{976)   1.  Alcohol;    Elhijiic  or  Vinie  Afcohel ;  Spirit  iff  tf 
(CjHnO,=46)  :  Sji.  G r.  0/ lit/mil  af  12',  oS I ^'i  o/rapour  1*613, 
Boittng  pt.   ijs". — Alcohol  is  a  ctilourk-tui    volatile  iiitlanini. 
liquid,  of  an  agreeable  nelUknotru  spirituous  odour,  niid  all 
burning  ta^tc.     When  pure  it  lias  a  specilic  gravity  of  07938 
'do**.     It  lias  tiCTcr  been  froscu,  tliuu^li  at  u  tomperalure  of — iM 
it   bccomca  Tiscld,      When   takca  iii  small  ijuantitica  in  a  dllu: 
form  it  furnishes  n  useful  and  vcll-known  stimulant,  forming  t 
basis  of  all  fcrniciitcd  liquors.      lu  brgc  quantities  it    produ 
intoxication,  ntid  sets  as  a.  p(>^ve^flll  narcotic  poiaou,  freciuoatlj  occa- 
sioning fatal  i-C6ultawhcu  taken  in  a  conccntrati^d  stale  and  in  excess. 

Alcohol  furnishes  a  cltniily  and  valuable  fuel  to  the  chemist : 
it  emitis  ■  high  tcmjicrtiturc  during  iu  coubustiou,  and  dc]>osils 
no  soot  u]M>u  cold   IkkIics  which   arc   iiilroduocd  into   its    flai 
M'lien  1)unicd  iu  air  it  emitx  but  litlle  light,  and  is  irhnlly  coi 
vert«<l  iuto  (arboiiic  acid  and  water:  4  volumev,  or  I  molecule 
alcohul  vapour,  for  complete  combuetiua  reijuires  3  titnea  iu  hulk] 
or  I  a  atoms  of  oxygen;  C,H,0,+  3  0,=a  CjO,  +  3  11,0,.     When 
tlie  vnpour  uf  alnoliol  is  tmnsmittul  through  red-hot  tubes  it  is 
decompoerd.       The   pruduclA  vary  according  to  the   tcm|)cratu 
employed  ;  at  low  teoi[>cratun?«,  olctinnt  gas,  mar«li  gas,  *atcr, 
bonic  oxide,  and  acetylene  are  formed;  and  at  higher  tcmpcratii 
naplithaliti ;   wbilst  at  a  hrtgbt-red  heal  carbon  U  dl■p[1;^!lcd,  nticl  fi 
hydrogen  produced.     By  gradual  osi(i»tiou  alcohol  yields  a^uor 
other  bodic*,aIdehyd  and  acetic  acid  (1078).  With  nitric  acid  it  fi 
nislics  nitrous  ether,  glyoxal,  gtyoxalic  acid  (iili/),  with  {glycol 
(1 137)  and  oxalic  acids. 

When  alcohol  is  exposed  iu  its  couccntrsted  form  to  t1 
atmoHphurc  it  attracts  moisturc>  like  sulphuric  acid  ;  and  like 
compound,  ulii-ii  mixed  with  water,  it  emits  heat  and  contracts  J 
l)ulk,  though  to  a  considerably  less  esicut ;  the  obscrval  density 
the  mixture  of  alcohol  aud  iratcr  is  therefore  greater  than  its 
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Ifttfd  mean  density.  According  to  Rndberg,  the  condensaticm  is 
grcatctt  when  55*739  nicn»uRT!<  of  alcohol  and  ^^S^G  of  naler  arc 
mixed  »1  ,59*':  these  proportiona  coinrespond  to  0(11^0^  + 3  H^O,; 
sbcn  owlcd  ugaiii  I0  ^9",  this  mixture  oocuiiics  ouly  ico  nicasiirea 
iDSicad  of  I05'57j,  nitd  hu  n  sp.  gr.  of  0-917.  Prom  the  im- 
porlaitoe  of  nU<ohol  as  an  esciscabk  article,  i^roat  Inbour  luis  be«ti 
bwtowcd  upon  the  menus  for  renitlj  tielenaininju  its  per-oeiitage 
iu sjiirituou*  liquors :  tlic  method  in  comtDon  use  for  distilled  t<pirits 
eoanittx  in  determining  the  speeific  gravity  by  mcnns  of  a  ficnsi- 
tire  h vdroracter,  and  tables  have  been  conBtructL-d  for  Bhowing  the 
pcr-cctitsgc  of  alcohol  in  mixtures  of  <>-arious  densitiea.  In  these 
CMcn  grtnt  nttcntion  niiiHl  (x;  jiaid  to  thr  temperature,  since  slight 
difEcrtmccs  in  this  particular  make  a  material  variation  in  the 
densitv.  Tlic  term  proof  spirit ,  in  eonMant  use  among  the  excise, 
ta  licEnfd  hj-  ao  Act  of  Piirliunieiit  (58  George  III.),  to  be  "  such 
£*  shall  at  the  temiierature  of  ji°  F.  weigh  cxiiotly  twelve  thir- 
teenth parts  of  an  equal  meaAiirc  of  dbtilted  water."  It  consists 
of  Wattrr  y>'-,^,  nleohol  ^ty i^  h_v  weight,  nud  indicates  alcohol  of 
ipu  gr.  o-Qio  at  60*  (Drinkwater  o'yi9R4).  The  term  derive*  it« 
origin  from  tlie  rorte  method  of  proof  formerly  in  use,  in  whieh 
guujioTiiltr  was  moistened  with  the  spirit  of  wine  to  he  tried,  uid 
tlie  aJcoliol  ignited  ;  if  it  tired  the  powder  it  was  said  to  be  over 
prooj,  but  if  tlic  spirit  burned  off  and  left  the  powder  damp,  it  tis 
ooiipidcrcd  to  be  under  prfoj;  the  weakest  spirit  capable  of  thns 
itnuj;  ponder  had  a  sp.  gr.  of  about  0*920.* 

Alcohol  U  a  solvent  of  great  raliie  to  the  chemiiit.  It  usually 
outrts  but  little  chcinicnl  actiou  upon  the  bodies  which  it  dissolvesj 
md  owing  to  its  volatihty  it  is  easily  expelled  by  a  gentle  heal, 
leaiing  tlie  substances  whieh  it  previouidy  held  in  solution  iu  a 
pore  stale.  Alcohol  dir»olve»  ninny  of  the  giiscs  freely  ;  some  of 
ihrm,  oa  frtr  iustance,  protoxirlc  of  nitrogen,  carlxmic  arid,  phos- 
phurettcd  hydrogen  and  cyanogen,  are  dissolved  by  it  more  readily 
than  by  water.  Uidiiie  and  bromine  urt"  also  readily  soluble  in  it, 
but  their  Kolutione  gradually  undergo  decomposition,  in  consequence 
of  tbc  reaction  of  iodine  and  bromine  upon  the  nleohoK  Absolute 
aloibol  dissolves  small  quantities  of  phosjiliorns  and  of  sulphnr.  The 
alkaliuo  tiilphidca,  as  well  as  canstic  {KiianIi  and  soda,  are  wlablc 
in  it  to  a  very  large  extent ;  ftnd  ammoniacal  gas  is  absorbed  by  it 
iicariy  as  readily  a»  by  water;  but  it  docs  not  dissolve  the  carbo- 
of  these  alkalie*.     AlooMic  solutions  of  cauntie  polnsh  and 


*  Is  the  AppondU  tiro  tables  of  the  strvngth  «f  alcohol  at  dUlVrcut 
j[Ta«iUrs  will  be  foond. 
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Faodft  act  powerful);  s»  rcdudng  agents  upon  msny  metallic  solu- 
tion*, 8uch  as  ttiose  of  pUtiniini ;  they  grsdaitUj-  alinorb  oxygCB 
from  the  air,  aud  become  browu,  owing  to  the  formation  of 
rcsiiioid  HiibetsQce. 

I         Most  of  tlie  deliquescent  mit*  arc  »o1u1)Ic  in  alrohol,  biit  t1 
efflorescent  salts,  and  those  which  are  spariugljr  soluble  in  wa! 
arc  not  dissolved  by  it.     Anliydrotis  alcohol  combiues  witb  mai 
aahydrotw  saline   bodies   in   definite   proportions,  and  forms  wi 
them  crj-stallixablo  oompound*,  in  which  the  alcohol,  according 
Ciraliam,  occupies  the  place  of  water  of  cr^'stallization.     The  chl 
rides  and  the  Ditratcs  ufTiT  the  hc&t  examples  of  the  formation 
thetic  alcoatet.       The  euinpouiid  with  chluriile  uf  calcium  (CaCl 
2CjU„0jl,    crj'siallizes  readily;    and  analogous  cumiiounds  ui: 
be  obtained  nitb  the  chlorides  of  ziiic  and  manganese,  and  wi 
the  nitratrjt  of  lime  and  magnetia. 

Alcohol  liken  isc  dissolves  many  orgauie  bodies  freely,  aach 
tlie  renins,  the  coKCntial  oita,  the  vegetable  alkaloids,  and  many 
the  vegetable  neidH.      It  al»o  diruolves   more  sparingly,  sngnr,  ni 
the  soaps  of  potasli,  soda,  atid  ammonia ;  but  the  fats  and  fixi 
oils,  with  the  exception  of  cantor  oil,  are  dissolved  by  it  iu 
small  quatitilics. 

A  charactcriatic  reaction  of  alcohol  is  its  power  of  formim 
fiilminale  of  silver ;  when  i  grain  of  silver  is  dissolred  in  20  grai 
of  nitric  acid,  and  about  jo  of  alcohol  arc  added,  crystaU  of  ful- 
minate of  silver  are  gradually  deposited. 

The  results  of  the  action  of  chlorine  (1017)  and  of  sulphuric  nnd 
other  aci(l>,  as  well  as  of  sodium  aud  other  oielala  (1024  et  ecql 
upon  alcohol,  will  be  idludcd  to  hcrcaflcr. 

Freparation. — Alcohol  may  he  obtained  in  a  state  of  purit 
by   sulijecliug  to  distilhitton    any  sjLCcliariuc  solution  tlmt   h 

,  undergone  fcrmcntntion  ;    ficr  being  more  volatile  than  water 

nas&cs  over  in  the  flrat  part  of  the  distillation,  accompanied  wtEl 
more  or  less  water.      13y  ivpealed  rcctffiealioiis,  or  by  a  sing 
operation  in  CoSey's  still  (175),  it  mar  be  conccotrated  till  it  con 
tains  about  jo  per  cent,  of  water.      Iteyond  tliii<:  poiTit  the  water 
adheres  to  it  so  strongty  that  it  n^tiuircs  a  different  process  for  tin 
complete  itcparalion  of  the  litat  jiortions ; — it  is  first  reclined  front 
charcoal,  with  a  view  of  retaining  all  essential  oils  to  which  the 
peculiar  odour  and  flavour  of  ditTcn:nt  spirits  arc  mainly  o\fitig, 
aud  U  then  mixed  with  about  half  ila   weight  of  quivklimc,  and 
allowed  to  stand  for  tlirce  or  four  days  :  the  lime  gradually  sUkea 
aud  fidls  to  powder  iu  cuiise<)uence  of  its  cou\-ersion  into  a  liydrat 

I  at  the  expense  of  the  water  in  the  alcohol  j  then,  oa  npplyi 
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licat  b^  ni«an»  of  a  bittb  of  chloride  of  catciuiD,  the  pore  spirit 
ou^  be  distilletl  off,  the  hj'tlrate  of  liiit«  reUttiiflg  tbe  water  at 
tnoperatiires  furulxive  jco"  F.  Auy  traci»  i.)[  water  wtuHi  ii  ouijr 
luill  reuiii  arc  rcmoTcd  by  a  sccoud  itistillatK'tf  from  quik-liIiiDv, 
from  cnuatic  barj-ta.  The  alcuHol  thus  obUintxl  iV  onhj'droiu, 
lor  as  it  is  ofti^ii  tLTmed,  absolate alcohol.* 

Bcrtht-lot  {Ann.  de  L'hiimr,  HI.  :[lv,  385)  has  pointed  out  A 

neana  of  obtaining  alcohol  syiitheticiillj'j  h^v  f^rjrming  a  solution  of 

[olefiaDt  gas  iu oil  of  vitriol,  wliich  dissolves  about  120  times  its  bulk 

I  cf  the  gas,  then  diluting  the  in  ixliirc  and  aubmitling  ittu  ili?tillatiuii. 

Sraall  i|iuuitittr«  of  dilute  alcolral  arc  thuH  obUiiiicd  with  faciUtj-. 

Tritylic  ali-ohul  has  t>«!n  obtained  by  aotiiig  on  tritvlene  iii  a 

(imilar  niiiniirr,  but  the  dciiiier  lijdrooarbons  of  tbitt  strics,  such 

a  octylcoc,  become  cbarrcil  whcH  thus  truotcd. 

(977)  tFines,  FtnneiJed  Liquors,  atid  Sjjirit*. — The  vsrioua 
kinda  of  spiritjt  ia  use  ili-rivc  their  names  from  accidi-utal  eirnum- 
itaaccs,  ofteu  from  the  flavour  which  tbcy  possess.  Thus,  yrn  i» 
i|iirit  flavourwl  by  distilling  it  with  j»iiiij)cr  berries ;  pt-pprrmiat 
ovn  itH  arotua  to  the  esiijutial  oil  of  the  plaut  afttir  which  it  U 
ouncd }  tchiitkey  is  spirit  di&tillcd  from  wort  prepared  from  malt 
which  has  been  drk-iL  OTcr  11  pent  lire,  to  which  its  peculiar  flavour 
itdui; ;  arruck  is  a  spirit  distiltnd  fmiii  fermented  riec  ;  iiiid  rum, 
1  West  ludiau  product  from  niola^scs ;  braiuly  i»  really  the  spirit 
odriiie,  l>eiug  cbtaincd  from  wines  by  di$tiltulioii,  and  coloured 
lODre  or  \c9»  deeply  with  burnt  sugar.  lu  nil  these  cases  the 
cbractcrialie  flavour  depends  ujxiu  a  suiall  tguautity  of  some  vola< 
tde  Oiil  or  compound  ether  which  passes  over  with  the  Rpiiit  during 
tie  process  of  distillation. 

The  varieiica  of  spirits  are  very  numerous,  and  those  of  fer- 
■Mated  lit{Uors  which  are  nitcd  without  Gubjceting  ihcin  to  distil- 
litioa,  are  still  greater.  To  this  cln-s-i  Ijelong  all  the  diflereut 
kinds  of  wioB,  which  owe  their  ]iecuUarit)cs  of  flavour  partly  to 
tke  diffcn:iit  varieties  of  };""a(«r  o^  »hic!t  joo  or  600  are  cultivated, 
ud  pitly  to  the  diflvrciit  tlavour  nbich  e»eii  the  same  variety  of 
I  pipet  [io««esKi  iu  difltfreot  climates,  aeconlinf;  as  the  saccharine. 


*  Th«  mttliTlntcd  rpirit  afeoBimereeconaiiit*  of  amisturo  of  alcohol  at 
ip-  ir  o'i^^o  Kiln  10  i>*r  r*nl,  of  nooit  npirit.  Tliin  sdilidoii  of  wcio<!  »pirit 
indrnil  uriltl  forui>i'nf^r"iu'dii>»a*tiiiiulaDt  dritik;  it  niui  ndili'd  tafncililaU 
ihc  uM  vf  fpiril  lu  ibr  arU  vilbout  iiilli<'tiii;{  tiiji;ry  on  ibc  rrveuur,  M  ihtt 
iMlaiBiaatKiQ  cannot  be  T«miivt'dby*nykiioMii  )irii(fS9  of  puririralifln,  lliougU 
il  mrrrly  tiilrrrprn  w^ilb  ibr  cin|i|<>yinnit  of  Ch'i  ii|>irit  ni  n  ookpnt. 

t  A  ml»\u  venrty  of  fcTJipe  when  grown  upon  tLe  Uliiiie  furoisltcii  a 

[ipfMMof  Il'^k  j  tlir  naiiw*  iui\w   nlii'n  mined  in   tlio   tntti-y   of  tlio  Ta^ui 

IfliUt  BtmlU^l  «hii«l  in  liip  >Hlni.d  nf  Mniipim  it  |>mcliicc-i  <lie  uiiX' kuowu 

I  Social,  wlucli  lus  a  QaTvurquiln  diilurvjil  Iruni  uiUiL-rorUif  ollicra. 


im 
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tite  anmtRtip,  tlio  aodoloti*,  or  the  lutriDKcnrt  {ninciple  of  Uie  Infl 
predominates,  the  gi«p»  ^owo  io  the  hotM:»t  climntce  furoisliial 
the  %Wi-<-'to«t  jut'^,  \j(i(  not  tlie  wiucs  of  fittest  i|ualitr ;  tlH 
O&votir  IS  iJsu  i-.v.itcriallv'  irittuenced  by  tlie  maau«r  in  vrliicb  tifl 
wiuc  is  prcpnrcd.  For  example,  when  formcutation  i»  allowH 
to  [iDd-ccil  luitil  all  the.  !>iiji;iir  U  tranaformett  into  spirit,  a  drj-  «i^ 
J/i  pnAuooA  ;  wbcu  chocked  ix.'fut-c  this  term  is  rcai^faed,  the  resw 
I  IB  a  rich  fruity  wine :  and  whcti  bottled  whilst  the  fcrmentatioafl 
i<ti11  procccdiug,  a  brisk  cHvrvcsc-cnt  wirie  like  champnjrne  is  ij^ 
n«uU.  It  is  the  usuiO  practice  to  add  caac  sugar  to  chanipa^fl 
bcTora  bnttling.  According  to  the  experiments  of  Beoee  JonJ 
dairt,  Uurgtiudj',  und  thv  wincx  of  the  Rliiiie  and  the  MomoI^I 
coutaia  no  sensible  qtiautity  of  sngar ;  ehorry  yields  from  i  to  5  pfl 
!  cttnt..  port  from  3  to  7  per  cent.,  mid  ToVay  as  much  as  17  yH 
cent,  of  »ugar.  The  Hgoiii^  of  wine  ami  couscqueut  change  fl 
flavour,  dejieuds  partly  ufiou  the  ^adual  forraeatation  of  ><u|$arstfl 
retWQcd  in  lich  wines,  and  partly  uiion  the  slow  separatmu  fl 
saline  matter,  principally  in  the  form  of  bitartratc  of  putafh,  wlitfl 
1>ceomeH  Iciui  Holuble  at  the  proportion  of  spirit  iucrciuoi,  and  fl 
deposited,  p&rticulai-ly  from  port  wines,  as  a  cruet  of  tartar,  opfl 
the  side!)  of  the  bottle.  An  impurtant  part  of  the  change  of  6avofl 
nppears  also  to  be  owing  to  the  kIow  torniation  of  minute  quati^| 
tiett  of  fragrxiit  and  ammatte  etliers  which  are  gradually  produoM 
by  the  reaction  of  the  vegetable  aciiU  upon  the  aleuholte  purtiottof 
the  irinc.  It  has  bt-vn  obsi-rvctl  that  the  presence  of  a  oonsidenble 
traoiint  of  aeidity  favours  the  development  of  the  'bonquot'  or 
aroma,  wbidi  ia  eajieciully  ebaracteriotic  of  the  acidulous  wines  tt 
the  Ilhiiie  and  tlic  Moselle. 

Some  wines  instead  of  improring,  become  ropy  by  keeping. 
Tliia  occurs  only  with  sneet  wines,  mul  is  due  to  a  jieeuliar  apeeia 
of  fermentation  iu  which  tlie  sugar  passes  into  the  iiucrvstaUiubte 
form  of  mucilag;c  (951,  970J. 

The  colour  of  the  wine  is  dcpetident  tiimn  the  mode  iu  which 
the  fvrtnciitatiou  is  effected.  Ued  grapes  may  be  made  to  yield  a 
'white'  wine,  if  the  husks  of  iJin  tjrapc  he  rcmorcd  from  the 
mual  before  the  fermentation  be-^B,  na  in  the  prejaration  of  eliain- 
pagne  and  sherry ;  hut  if  the  skini  he  left  in  the  fermenting  ma», 
tlie  alcohol,  as  it  is  formed,  di".  <<«  the  colouring  mutUT,  prt^ 
•'lueini;  the  different  chadoi  of  *  rei)*  vtno.  During  the  prepara- 
tion of  red  wince  the  skins  and  staike  rise  to  the  surface  of  iho 
femiciitiii}{  tnaas  and  form  the  chapra^i,  which  ts  removed  frum 
the  fenncutiug  juice  at  on  earlier  tu^  io  the  making  of  clarcb 
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io  tlie  prcparatton  of  porca,  and  this  ia  one  reason  why  port 
I  tbe  mare  Mtriiigciit  wine  of  the  two. 
Tiie  process  of  fcrmptitatirm  in  making  wine   is  raucli  moreiJ 
iiuU  niid  protnclcd  tUsu  iu  the  pit:|)Bratioii  of  malt  liquors.' 
/tor  tbo  gnpt*  hare  b«ju  trodden  in  the  press  the  juice  [kissos  to 
^frnae11tillg  ve«aela  ;  no  vlditioii  of ycasl  in  neccsaarp,  ru<1  afVer  aJ 
time  a  copious  deposit  of  ferment  granuEes  or  yeast  uccurs' 
stanvously.     The  fcrtneiiting  rats  are  so  coiistruclod  that  when 
!  active  &tng«  nf  th«  fermeiitAtioit   in    over,    they  can  he  loosely 
by  a  butig.     As  soou  &b  the  viiitcr  frosts  !iet  in,  the  witie 
idaatntvd  from  the  leea  into  caeks,  whicli  are  ooniplelHy  filled, 
tlieit  closed  with  cttre.      In    order   to   supply  the  loss   from 
or  evaporation,  the  eaftks  are  carefully  filled  up  at  interrals. 
Here  a  eccoudary  rery  gradual  fermentation  occurs.     It  reqnireM 
ful  watching,  exclimiori  of  the  air  at  thijt  utagc  b(;itig   iii<li»- 
iblv  ju  order  to  prevent  the  wiue  from  becoming  sour  owing 
'  the  formatioQ  of  acetic  acid  by  the  oxidation  of  the  aloobol. 

Sometimes   a   wine  acquire*  n  pectdiar  fliivonr  known  n»  the 

'tuteof  iheeaek."  This  is  attributed  to  the  development  of  a  pecu> 

eoEeDdal  oil  during  the  growth  of  fnngi,   or  'mould/  upon 

mrfacc  of  the  wine.      It   is   said   thnt  it  may  be  removed  liy 

iMding  to  each  pipe  about  a  i]uart  of  olive  oil,  which  di«solvei:  the 

tthaoiiuDi  flarouring  matter,  aud  carries  it  with  it  tu  the  surface. 

It  ia  ohvioui  that  in  vines  and  other  ferniv4itecl  liqiiorii  which 

I  Wl«  not  b««u  »uhn)ttled  lo  distillation,  all  the  soluble  uatter  of 

tb«  fruit  i«  preaciit  iu  the  beverage.     Otlier  saodiariue  juices 

ibttides  ibovo  of  the  grape,  admit  of  being  fermented,  and  thus  a 

Igrtat  taricty  of  drinks  may  be    produced.      Beer  and  ale,  for  ex- 

[Hnp}^  ooiuist  of  all   infusion  of  mnlt,  flavoured  by  the  aromatic 

[lliltrr  of  the  hop,  aud  Hulnequently  fcmieiitcd.      ThedilTerent  kinds 

'of  porter  arc  aiiuilnrly  prepared,  and  owe  their  dark  colour  lo  the 

iw  of  hi^h-dricd  uialt :  cider  is  the  fermcut«d  juice  of  the  apple  j 

\  ferry  is  a  aimitar  liquid  ohuuned  from  the  pr-ar;  and  nearly  cfcry 

buit  may  bo  made  to  yield  itx  own  peculiar  liqnor.      Kveu  ravage 

naiioua  eriuee  A  knowledge  of  this  fact.     The  natives  of  the  i^ilauda 

id  the  Pacific,  when  dificovcrod  by  Cook,  not  only  knrw  how  to 

prr^iarv  an  intostcntiug  liquor  from  the  juice  of  the  coena-itut,  but 

:|j*-r  were  aecu«tomed  to  rectify  it  hy  a  rudo  proccsa  of  distillation. 

Since  foreigu  matters  are  preteut  in  all  fermented  liquors,  the 

■pecific  ffrai^ty  wouUl,  except  in  s{>eciBl  ciksci^,*'   be  no  guide  to  the 

•  S4w"Bepor(  onOriginsI  Uraviiies"  hy  Onhaoi,  UofD)aun,and  Bed- 
wood  ( Q.  J.  C'Ira-  Sm.  t.  U9)  . 
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qoautity  of  spirit  conUinetl  in  Lfaem.     A  tiniple  vattau  of  i 
comiug  tUb  diOicuU^   wtu  eucooafullv  practiwd   br  Br 
Carbonate  of  jxitasli  is  soluble  in  water,  but  iiiu>l  tili)<?  in  tic 
rwhei)  perfectly  dry  cntbooxtc  of  potash  is  poured  into  a  miit 
alcoliol  aitd  natcr,  the  aalt  becomes  diisMilvcd  in  thcwmler,! 
liquid  separates  iuto  two  laj-en,  tlie  upper  of  wliich  cot 
alcohol  of  tip.  gr.  O'Sij.     By  employing  a  graduated  tube  I 
experiment,  the  Tolumc  of  alcobnt  which  is  coutaincd  iu  ■njl 
or  lii}uor  may  Ite  read  o(T  >t  once  by  iuajicctiou. 

Chri«ti8oii  iiubniittcd  diflbrcut  wines  to  difttillation,  in  or 
dcttirniinc  their  percentage  of  alcohol ;  he  thus  obtainrd  k.  i 
of  reaolts,  tbe  moKt  important  of  which  are  embodied  iuJ 
loving  tabic.  The  nnmbcra  represent  the  weight  of 
alcohol  contained  in  loo  jurta  of  each  Tarictyof  wine  or: 
liquor: — 


Port    .    . 
Prj  Linhon 

Sheny     . 
Tcnpriffp . 

Jdalnwry. 


ftom  i4'9;  to  (;'io 

1614 
from  U'oo  to  16-90 
..     ij'yfi  ..  16*17 


Amcmtilladd  . 
Clawl  .  .  . 
Himliaclier 
RudrvKinnier . 
Kdinbnrifh  lie 
Ikiat  Iiondoa  1 
porter    .    J 


trtm   7  7ji»l 


from 


5'T* 
536 


(978)  3.   Trit^lic  {oTpropylic)  Atcohoi  (C„n.O,nO); 
liquid  0-81;? ;  oj  vapour  a'oa  ;   Hoiliuj/  pt.  about  liot°. — J 
during  the  ordinary  proceu  of  the  fenucnlaliou  of  fniit 
sugar,  the  products  arc  carbonic  acid  and  ordinary  (cthyiic)] 
It  uMially  happens    thut   minute  iiuiintitK'«   of  other   boa 
bodies  are  fomivd.     This  is  partictUarly  the  case  wben 
the  hu&k  of  the  gra|)C,  from  which  the  jnicc  haa  been 
{tevhuicnily  termed  the  marr  of  the  grape),  an*  thrown 
allowed  to  ferment.     The  eaccbariuc  matter  which  they 
iiiidcrgors  dceompotsition,  and  when  the  fermented  liquor 
by  them  i»  submitted  to  distillation,  a  mixture  of  tritrlic 
(butylic),  amylic,  aud  liexylic  («^roic)  alcohol  is  obtained. 

ThcHi:  dilTercnt  modi's  of  fi-riuentation  admit  of  cxjiluc 
means  of  the  foUuwiug  njiistions,   in  wliivh   it  is  luAnaie 
addition  to  the  icpanition  ot'  carboDtc  add^  a  certain  qii 
water  is  elimiualed  at  the  tuuoe  time : — 

UoiMt. 
IMrrllB. 
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Atcohili. 

D  fttcoliol,  thr  third  term  of  the  stcoholic  scries,  is  obtained 
I  •mftU  r|uautity  from  t)ie  f^raicutcd  tnarc.     Tt  may  also  be 
red  br  Bcrtltelot's  procCM  of  absorbing  tritylene  bj  oil  of 
■'-'■tn^  the  solution  wttli   5  or  6   tiino»  its  Ijulk  of  water 
■i.      It  is  «  limpid,  colourlctis  liquid,  ti>;;litcT  thnn  water, 
a{;rr<^blc  fruity  odotir.     Allhongb  frccly  aolubie  in  water, 
not  mix  with  it  ia  all  proportlona. 

»;»  4-  Teirylie  (or  batytic)  Alcohol  (C.H,0,IIO) :  ^;i.  i/r.  of 
:;  t^vaj>oitr2'$Sg;  Boiling  pt.i^^. — Wurtz  procured 
tc-rin  uT  the  (tlooholi  during  tlie  rectification  of  fuuool  oil 
fmm  beet- root  spirita;  it  is  contained  in  that  portion  which 
ftiilow  266''.  lly  fractional  distillation  this  portion  may  be 
to  field  k  liquid,  the  boiling  point  of  wliieh  remains  steady 
3^.  Blul  which  13  the  desired  alcohol.  Tetrylic  alcohol  is  a 
ilcH  liquid  of  high  refructiug  power,  lighter  than  water,  and 
fVti»Mf  scluhic  in  water,  tt  has  an  odonr  resembling  that 
hil,  but  \efih  opprwHive.  When  heated  with  the  hydrate 
,  "it  ia  readily  conv-crted  into  bulyrate  of  potash,  with 
of  hydro^fCn ;  and,  when  mixed  with  concentrated  »ul- 
waA,  it  forms  nulpkotetrylit:  (or  su/phobalylic)  acid  (HO, 
^J>,0,)  without  difficulty. 


^> 


>>    ;.    Ahylio    AixonoL,    Foiuei   Oil  or   Potato    Spirit 

0=88};  Sp.  gr.  0/  liijuid  (at  32°)  0-827:  tff  vapour 
'    r'   'H  {Kojjp). — This  iubstancc,  which  coiwti- 
L  i.e  ali«)iol  scrie«,  is  a  frequent  impuhly  in 

■ftb  il  IriHu  fermented  potatoes,  barley,  rye,  and  the 

^■f  '■■h  it  communicates  a  peculiar  oO'cnEivc  udour 

^B>-.  .     .    •  01  Ibidem  Illy  lens  volitttle  than  cither  alcohol 

It  acooniulntes  in  the  last  |K>rtioii8  of  the  liquid  when 
tmndicA  &r<!  submitted  to  distillation.     Crude  iba»cl  oil  is 
tly  mhed  with  n  Tariahle  amuuut   of  different  ethers  of  the 
acetic  wrics. 

'.'rbig  {Familiar  letters,  4th  cd.  p.  217],  fouecl 
,>lly  in  \\\\-.  fi-ritirntsitioii  of  nlkaline  or  neutral 
and  iu  pnidaetioQ  in  the  potntu  mash  may  be  prevented, 
nM  novure,  by  odtUoi;  crude  tartar  to  the  fcrxoeuting  tii^nid. 

w  2 
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Its  fbrin>tionj  he  sajrs,  never  ocscun  in  iRidulous  femtenf 
wliicb  contain  tartaric,  raccmic,  or  citric  ocic].  Tbc  ndilitioD  i 
to  the  liqnid  has  a  similar  effect  in  cbccking  the  dcvdopM 
foueel  oil. 

Amylic  alcohol  is  a  coloiirlew,  limpid  liquid,  which  ban 
ststcntj  pcDctrating,  and  opprc«»ivc  odoiir^  and  a  baming  la 
is  but  sparingly  sottihle  in  water,  though  it  cnay  be  DitU 
alcohol,  ether,  uiid  the  CfMeutial  oils,  iu  all  proportioos.  lU' 
i»  vei^  irritating  vrlica  respired  ;  it  bums  with  dilTicnlt^ 
bluish  flame.  The  specific  gravity  of  fouscl  oil  at  59*  t»  • 
At  about  — 4°  it  congeals  into  cryst&lliae  platea.  AmjUc 
c»Mee  a  lefUhandcd  rotattoa  of  the  plane  of  polarisntion  il 
of  polarijtcii  light,  but  the  extent  of  tliia  power  lahes  gn 
different  Bpecimcoa.  Aoccnling  to  Faateur,  ordinary  ainytia 
oonaiats  of  a  mixture  of  two  mttatncric  bodira,  one  of  w 
ioactirc  on  polarized  light,  but  the  other  produces  lctl> 
rotation  of  a  pol&riied  ray.  The  two  moditicatiotis  caa  b 
rated  by  converting  the  alcohol  iuto  eulphnmylic  acid,  aal 
oining  this  vith  baryta.  Both  the  sulphamylates  at 
crystallize  in  die  same  form,  but  thC'  inactive  variety  rcqV 
timra  ss  much  nater  for  its  «ohilion  as  tlic  active  one.  Tbi 
alcohol  has  a  up.  gr.  about  -nU^h  greater  thnn  the  inactive) 
and  it  boils  between  260^-6  and  202'**4.  The  iuacttVQ, 
boil*  at  264°'a. 

Under  the  influence  of  spongy  platinain,  amylie  ait 
ally  absorbs  oxygen,  trbiUt  tiydro^n  is  elimiuatcd  tn 
water,  and  vnlcrio  acid  is  produced  ;   this  acid  bcnra  tlw  1 
tion  to  amylie  alcoltol  that  scctic  acid  does  to  ordiuuy^ 

C^HaO,+  0.«HO,C„!1,6,+H,0j. 

Tlie  action   of  nitric  acid  upon   ainylic  alcohol   vai 
decree  of  its  cottoenlratinn  nnd   tbo  temperature   of  tb 
as  it  may  be  made  to  yivld  nitrate  of  auiyl,  valeric  ac 
of  aiuyl,  or  valeric  aldcbyd.     Hydrate  of  potash  ia  fr 
in  fousvl  oil.      If  fouse)  oil  be  heated  on  n  mixture  of  f>i 
potash  and  bmc  to  4.^0°,  valerate  of  potash  is  fona 
hydrogen  is  libcntcd : —  I 

C^!i„O,+  KU,IlO=K0.C,^»,0,+  2H,.  1 

When  beatrd  witli  phosphoric  acid.  orwiUi  ohtortdeoH 
nil    MchU    livditjcarbonx    I1'       1  ^ 

Diixed  with  half  its  bulk  01  „ 


■KZTUC,  CBKAN'TBVLIC,  AND  OCTVLIC    ALCOHOL. 

,  sBsmnes  a  red  colour,  aod  a  viscid  con^tenoe,  a  large  quantity 
of  stJpktun^lic  acid  Wing  £jmicd,  tbe  unount  of  wbicli  incrcAMa 
if  the  mixture  be  allowed  to  stand  for  24  or  48  lioum.  The  sulpfa- 
DjUtca  crjstaUue  witli  di(ficuUjr  aud  furm  syrupy  nolutiona. 

(981)  6.  HtxyUc  or  Caproie  Alcohol  {Cy^M^fi^  \  Sp.  gr.  at 
\f  0'K,13  :  of  vapour  35  j. — Tbi«  compound  has  also  been  obtained 
tli«  rcrmcotvd  mure  of  the  grape     It  m  a  Uin|>id,  aromatic 
id,  which  ta  iasoltihle  in  nater,  and  boils  between  '299'^  and 
'.      It  yields  caproate  of  jiotaoh,  nith  di»ecign^nietit  of  hjdro- 
wbou  heated  with  hydrate  of  pot»sh ;  caproic  acid  slaiidluff 
lie  auae  relation  to  liexytic  alcohol   that   acetic  acid  doea  to 

alcohol. 
7.  (Bnanthytie  Alcohol  (C„ll„03 :  Sp.gr,  of  /ijifi*/ 0-819 ; 
SSoiliHg  pt.  351^  i»  obtained,  acoonliiig  to  Stccdclcr,  by  distilling 
.  iniitUTC  of  liydratc  of  toda  with  the  riciiioleate  of  this  base  in 
I  copper  retort.  Schatc  of  soda  is  left  in  the  retort,  aud  tbe  diit- 
kte  is  trcutt-d  with  bimljihite  of  soda  to  separata  the  aldchyds  ; 
Ithe  liquid  portion  in  removed  by  pn»8ure,  and  nfter  Ktaiiding  orer 
jdiloriilc  of  calcium  is  rectified  ;  the  greater  |>ortion  diKtiU  bctwcea 
'and  333^-  It  i«  a  trans[>arc»t,  rather  \-iiKroaa  liquid,  which 
Jb  like  oeoanthol. 

(y8i)  8.   Ocl^tie,  or   Cajn-ytic  Alcohol  (Cjjll,^,)  :  Sp.  gr.  of 

0"8j3  at  63";  of  vapour  4-5;  Bmlini/  iil.  356°. — This  sub- 

i  occurs  io  small  quantity  in  the  fermented  marc  of  the  grape, 

bat  ill  most  interesting  and  available  aourcc  is  castor  oil  (Bouis, 

rfp  Chintit,  III.  xliv.  ico).      Castor  oil  coii&ists  principally  of 

Flke  gljiccrin  compound  of  a  peculiar  acid,  ricinolic  acid  (1052],  the 

(unnola  for  the  latter  in  ita  hydrateil  ntab;  being  (HO,Cj,H^OJ. 

iThi*   acid,  when   heated  with  aii  exceH»   of  hydrate  of  potaak   to 

aul   4S0®,    undergoes  decomposition ;  acbatc   of   potnsh    being 

ltd  wbilat  oetybu  alcohol  oiid  hydrogen  are  liberated,  as  shown 

thefolluwipg  equation  : — 

)  aciA.  Btt^*!*  of  poUik.         OrtjKe  AIooboL 


RO,C^H„0,+3(tO,lIO)  =2  KO.C„n„0,  +  C,,H,.0,  +  H,. 

[In  iKtliu-  to  taoloio  tite  alcohol,  tbe  castor  oil  is  Eapouifieil  by 
^Bumia  of  potash  or  eoda,  and  ufterwarde  an  excess  of  the  hydrat«d 
IkUuli,  amounting  to  about  half  the  wei$cht  uf  the  oil  operated 
KBpao,  ia  added,  llie  masit  is  beattrd  moderately  in  a  retort.  It 
froths  up  at  firat  considerably ;  but  the  foam  gradually  aubsides, 
md  a  fragraul  oily  liquid  distils  OTcr,  wbiclicoiltcts  in  the  receiver 
•Inre  the  water  by  »Iiich  it  is  nocompauied.  '  The  residue  iu  tbe 
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retort  mny  be  employed  for  tbc  prcptuiktion  of  sebacio  acid  (1135) 
Tliis  diatiUeit  oil,  wliicli  usually  utnouuta  to  rrom  a  fourth  to 
fifth  of  tbc  weight  of  ibe  oil  operated  upon,  must  be  purified  bj 
tcpeated  recti fiontions  from  hydrate  of  potash,  nntil  tlie  residue  uo 
longer  has  a  Urowu  colour. 

Octylic  alooliol  is  a  colourlew  liquid,  of  a  powerful,  pcni»tenl 
arotnati<!  odotir:    it  tcnvcx  a  grcony  «taiii  u(k>ii  (Mipcr,  ia   iosolub 
ill  water,  but  freely  Boluble  in  alcohol  aiid  ether,  as  well  as  il 
acetic  acid.     It  dissolve!  fatty  and  resinous  bodies  with  focilitj 
It  undei-gOL*:!!  no  chnngv  wlieuciposcd  to  the  iiir;  but,  wLeu  heat 
sufficiently,  takes  lire  and  buri)!i   with  a  wliitc  lumiuouo   Aane 
Sulphuric  acid  eombiues  with  the  alcohol,  and  {oratssttlphocapiyll' 
or  sulploclyiic  ttcid,  uhich  yields  cry«ttilliEnble  suit*.      Bouis  hi 
obtained  a  large  number  of  coiuiiouiul  and  iloiihic  ethers  with  tb 
alcohol ;  Miiiic  of  them  are  very  fragrant  and  aromatic. 

Other  alcohols  will  be  alluded  to  in  i>pcaking  of  the  fata  (loj^ 
1055,  1125),  under  the  heads  of  ctlial,  ceryUc,  aad  inoliuyL' 
alcohol. 


5  II.  Action  op  thk  Acids  ppom  tbe  Alcohols. 

(98^^)  Whrn  a  hydratcd  acid  is  mixed  with  one  of  the  alcohol 
Mveral  cascK  may  arise,  dependent  on  the  uatiire  of  tbc  acid,  tl 
proportions  in  which  it  is  added,  and  the  temperature  applied 
the  miature. 

I  St.  If  R  poIybaBic  acid  which  lias  a  strong  affinity  for  wat 
Kucb  as  the  snt|jhuric,*  the  phosphoric,  or  the  arseuic,  be  added 
one  of  the  alcoliols,  tbe  oleim-iits  of  the  ucid  and  of  the  aloabfl 
eutcr  into  combination  and  form  a  new  compound   acid ;  a  rtN 
acid  being  produced,  in  tjuantity  Taryiiig  with  the  tentperatnre  1 
relatire  propurtioiu  of  the  acid  and  the  alcohol. 

2nd.  If  ouch  a  mixture  bcaubmitled  to  distillation,  the  si cohc 
is  decotnposed,  and  a  quantity  of  ether  is  formed  and  volatilised; 
whilst  tbe  residue  iu  the  retort  is  capable  of  ctfccting  tbc  cthc 
lication  of  frc^h  portions  of  alcohol. 

3rd.  If  the  proportion  of  add  to  tbc  alcohol  exceed  a  ecrtaid 
I  JlOiount,  or  if  the  temperature  at  which  the  diAtillation  w  elFectc 
riise  beyond  a  certain    point,  the  decom portion  proceedei  fiirthc 
aud  one  of  the  hydrocurlMms   homologous  with  olcfiant  gas 


*  Tn  ponsidcrinz  tli«  Acticm  of  sulphariu  acid  uponOT;g»aic  compOQails, ' 
r^isll  iirnci'Kil  lll^)u^:ll4>tlt  upoa  the  tuMumptton  that  it  is  dibasic,  anil  tbnt 
fiimiula  is  lUU.SjU,.     in  like  uaiuivr  oarbooic  acid  will  be  viened 
dibonc,  with  a  formula  0,0^ 


■ntK  VIM1C    XCIDS. 

formed  :  whilst  at  still  liiglicr  temperatures  the  Bcid  originally  nacci 
beifins  to  uudergo  deconiponition,  aiid  tlie  produrts  are  still  more 
iplicated. 

41b.  When  an  organie  acid  is  Kiihmitted  to  duttillatioii  with  one 

the  idcobols,  11  double  decoDi position  occurs,  and  a  compound 

ber  is  produced,  whiUt  the  clcmciitfi  of  water  are  nep&rittcd  ;  thu», 

Jt  is  generally  fDiiitd  adriiuihK;  in  such  caacn  ta  use  a  kuU  uf  the 
lorgBDic  acid,  and  after  this  nali  lias  Ix^ii  mixed  with  a  due  propor- 
I  liaa  of  alcohol,  to  dccompo&c  it  hy  the  additiou  of  sulphuric  acid. 
5tb.  If  a  hrdracid,  such  u  the  hydrochlorie,  hyilruhruniic,  or 
Itijdhodic,  lie  miulc  to  uct  upon  au  alcohol,  double  dccompositiou 

eccurw,  and  an  ctiicr  is  Ibrmed  by  the  eubstitutiou  of  the  radicle 
\li  the  alcohol    for  the  hydrogen  of  the  hydraoid;    thus,  whcu 

bjdroctdonc  acid  acta  upou  ulcohut,  water  aud  hydrochloric  ether 

uc  the  rcanlt  > 


JJcchtl. 


Wkln. 


□^drucUuTie 

MBit. 


H  j^s^Clj       II)    *^      Clj" 


Tjlie   Vinic  Adda. 

fij84)  Wlica  a  mixture  uf  eimc^ntraled  sulphuric  acid  with  any 
joTtbe  alcohols  is  heated  to  about  213**,  s  portion  of  the  two 
1  CBia]ioands  ciileiT  into  comhiriatioTi,  uiul  the  rfwult  i&  the  forma- 
[lilia  of  a  uew  Ciiuplwl  acid  in  which  the  elemciita  of  i  molecule 
the  alcohol  and  t  of  sulphuric  acid  (S^OJ  are  present.  In 
li»r  coui|KmiiiiIk  the  existence  «f  sulphuric  uciii  is  im  hiuj^er  iodi-j 
Fftted  by  (he  formation  of  an  insoluble  suijjhate  of  baryta  on  th*' 
idditionof  chloride  of  barium  ;  the  liaryta  !>alt  of  tlic»c  acids  being 
readily  «ilnblc  in  water. 

The  fi'llowing  may  he  taken  as  examples  of  a  few  of  the  com- 
^Dd  acids  thu»  obtained  :— 


afAcU. 


BjittiM. 


L 


I  .f-lhyKo  .    .    ■ 
^Ml^liriiiylic,   or  ltd- 1 

*-lphjlntTlic  (pfnpyliu) 
>'il;.fiolc(rjl»c  (butj-lir) 

-■■gij-li.itlj  ]  i>      .      .      .      > 


HO,C,  H,  0,S,0, 

I^O.C.U.  0.8,0, 

HO.C«  H,  O.S.O, 
HOf.  U.O.S.O, 


PotHha^t. 


KO.Cj  H,  0,8,0,+ Aq 

ZO.C^  H,  0,S,O, 

ZO.C.  R,  0,S.,O, 
KO.C,  H,O.S:0, 
Ko.C|„n„O.S,0^+A(i 
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srLrnr-Tnyiic,  oh  sui-Tiionsic  icto. 


These  acids  form  crrstallixable  salts  wiih  potasli,  u  veil  as  «tUi 
litne,  bar}-t«,  and  many  other  bases;  but  the  salts  thusfWnicdsie 
uitfitablc,  anri  fometimos  undc^rgo  siiotitnncou*  drcomjxwitiofl  ;  tht 
salU  of  tiie«c  acids  have  a  peculiar  pearly  liuttrc.     It  U  iiupor 
to  remark,  that  slthoiigh  tlie  acid  contains  the  clcnictiu  of  oo 
niolttciilc  or  two  wjuivalcnU  of  culpliuric  acid,  tlte  mlt»  are  mDOd 
basic,  and  contain  only  one  equiralptit  of  a  metallic  protoiide, : 
may  be  seen  by  inapeciing  tlie  rolumn  bended  'potash  salt.' 

The  hydrates  of  these  sulpVio-acids   arc   more  tiiistaUle 
tlieir  metallic  salta ;    they    cannot    tie   distilled    withont  und 
going    decomposition,  and    they   llicn  break  up  into  the  et 
corresponding  to  the  alcohol  which  fnrni^hnl  tlicin,  and  nulphur 
acid.      If  diluted    u-itli  water  nnd  hentcd,  the  aulutiuu    becoi 
rapidly  conrerled  into  a  mixture  of  diluted  eulphtiric  add,  and  tt 
alcohol   from  which   the   compotiiid    was  originally  cbtnlned  : 
instance, 

SDlpbM>i;llr  add.  AImAoI.  Salpliiun  kuI. 

Ho^cjiASA + n,Oj=  ifo^cji^ + 2  u6,I3,. 

Tbfi  most  iiitcrcHting  of  these  nciils  is  the  sulpbctbylic,  and  it 
necessary  to  e\aiuitie  its  propertif»,  on  account  of  the  proiuiue 
vhich  lins  been  assigned  to  it  in  the  theory  of  ctbcriKcntion. 

(985)  SHipAethiftic,  or  Suiphmfinie  Acid  (C,H,O^S(0,sH< 
CjH(0,SjOg). — When  alcohol   is  mixed  with  an  equal  measure 
oil  of  vitriol,  great   lic«t   is   evolved,  and   the   two   bodies   eut 
lurtially  into  combination.*     The  aidjihunc  acid   tlius  combine 
with  the  elcmcutu  of  idcohul,  lot>e8  Liiif  it»  satuntting  power,  an 
the  compound  acid,  when  diluted  with  3  or  6  times  its  bulk 
viitvr,  mny    be   iieutrnllzcd    by   the   gmdnal    addition   of   bai^t 
lime,  or  oxide  of  lead.  Tlie  base  should  be  mixed  with  water  till 
the  con»iatcnce  oln  thin  cream  :  the  salts  thus  furnied  arc  tolub 
in    w:iter.       By  wbiinjj    Kulphuric    acid    grudiinlly  to  iL  «ululioD 
the  baryta  suit,  mitil  no  further  pi'ecipitate  of  sulphate  uf  buiyt 
is  produced,  the  acid  is  set  at  liberty  in  a  state  of  purity.     It  wi 
orlgiiifdiy  railed    the  mtt/ihovinit:  acid,  but   the   term    tutphflh^tie 
by  whidi  it  is  oow  frequently  doeoribed,  is  better,  as  it  forms  oi 


■  In  order  to  produce  th'i'  largmt  nmount  ot  the  eumpouod  «cul.  the 
turf  diguli)  In-  li^sEcd  to  nbont  3(>o''  (or  ■  rlicrt  lime,  aad  llicn  •llowwl 
slaml  for  34  koun.    Itut  ihe  ntfohu!  ia  never  it  bolty  I'unvcTird  into  ibe  nt 
auid.  Tor  evi>ii  ir  anhydrous  alcoLol  be  mixed  in  th«  above  proportioM  1 
tnanohjdnit<Ml  iiulj>tiurii?  aoid,  not  mot*  tlian  bAlfthfi  aleohoi  OMomeai 
Tcrlpi]  into  tJte  r!uip  acid,  tinco.  in  tl>«  flpt  at  pomhiniitioB.  a  {Mrtion  af  w 
is  diaplaoed  (rom  (iio  oil  wf  viinuli  aud  on  ApnlyioK  n  h(«t  of  iia',  dilat 
aloohffl  gmdoaily  poiaa  otlTi  Ihuugli  the  liquid  doce  nut  bod  at  ttiis  tcoif 
paiUTP. 


BPLrnETHVLATES. 
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of  >  nuioeroui  cIbm  of  analoKouii  acido.  Sulpliethylic  ai'id  may 
tlio  be  formed  by  gradually  adding  ether,  pcrfectljr  free  from 
klmhat,  to  coQccittmtuil  eulpburic  arid  ;  the  tumptTatiirc  rUn 
ni>idlT,  but  must  not  be  allnned  to  esoeed  250°:  on  diluting  the 
mixturo  with  water  it  will  be  found  th&t  much  of  the  ether  has 
bcra  coDYcrtcd  into  »iilpLcthvlic  noid.  It  U  worthy  of  noticv  in 
coDocxion  with  the  theory  of  etherification  (993),  that  when  alcohul 
is  mixed  with  8ul[iiiuric  at-id,  diluted  till  of  sj).  gr.  1*53  (s  3  HOi 
<jO^-v6  Aq),  no  sulphcthylic  acid  is  forrncd  nt  ordinary  tcmj>cr«- 
I,  but  thift  acid  13  produced  if  llic  temperature  lie  raised  to  112^. 
Tbe  hydrated  acid  is  very  uii&Isble.  If  diluted  with  water 
distilled,  Hlcobol  passes  over,  and  sulphuric  acid  is  Icf^  in  the 
bot  tbe  diluted  sulphcthylic  acid  mny  he  concentrated  over 
Iphiiric  acid  in  vacuo,  when  it  forms  a  colourless  ayrupy  liquid, 
a  fharp  acid  taste,  not  miscible  "ith  ether.  It  gradually  undcr- 
spontaiieoun  dvconipo»itiuti.  Al'bcn  Iwated  ui  the  presence  of 
m  eicew  of  Alcohol,  it  experiences  a  remarkable  decomposiUon,  to 
vbich  it  will  be  ncce«eary  to  give  particiilar  atteution  (993),  owing 
to  ita  connexion  nith  the  formation  of  elher. 

All  the  sulphcthyliitcs  are  freely  soluble  in  water  ;  many  of 
UwDi  are  likevt»e  diMolved  by  alcohol ;  moat  of  these  salts 
trjvuAlixe  with  facility  in  pearly  scaler  which  feci  greasy  to  the 
loaeh.  When  aubjectetL  to  dry  diot illation,  titey  yield  olefiaiit 
gw,  beary  oil  of  nine,  and  salphurous  and  carbonic  acids,  leaving 
■  TOaidae  of  sulphate  of  the  base,  miied  with  charcoal.  If  dis- 
liiM  with  hydrate  of  pi>ta.ih  they  yield  alcohol.  When  in  solu- 
lioa  thry  are  decompuHcd  at  a  boiling  temperature,  the  solution,  if 
arntr&l,  becoming  acid  daring  tbe  ebullition;  but  this  change  ia 
lireTeated  in  the  case  of  the  snlphethylates  of  potaah  and  soda,  by 
tlir  addition  of  a  few  drops  of  a  solution  of  the  hydrates  of  theeaj 
L«II(«liea. 

B  Svlfhflhtflate  t^f  polath  is  anhydrous  and  itoniewhat  deliquea- 
Fcent,  but  inaolable  in  aloi>hol  or  ether.  It  crystallize*  readily 
ia  Ur|-e  tables.  Saipfietfiylate  <if  baryta  crystallizc«  with  z  Aq  in 
rbotnbic  prinn*,  which  are  oolublc  in  water  and  in  alcnbol. 
Sulphflhytatf  0/  Hme  (CaO,C,II,0,S,0^+3  Aq)  crystalliica  in 
thin  pii'Mded  tahle»j  very  aoluhle  in  water  but  not  in  ether:  it 
Ktartintn  uudcrgoe«  »poiitaiicons  d<^-utui)ositioii.  The  neutral 
mUfMelttyiaie  0/ W  (PbO.  C,H(,0,  S,0,+  1  Aq)  forms  colourless 
taUcs,  «bicb  are  soluble  in  water  and  in  alt^hol ;  they  also  arc 
tiable  to  spontaneous  decomposition.  If  di^stcd  upon  an  excess 
I  of  mrde  of  lead,  a  soluble  anerytta) lizable  subsalt,  with  2  equiva- 
[  leitta  of  base,  ia  formed. 


AND    OaCBLB    BTtlERS. 


CgHO,,) :  or  tber  raay  be  producetl  b^  tbe  action  oT  a  hn 
such  as  tlie  liy<ln>cbloric,  u[K)d  ouc  of  tlie  alcoLulii ;  bjdr 
cthcT  (C,HjCl)  and  hydrioclic  ether  (C,Hjl)  affording  cxtaf 
thia  Itiiul. 

I.  Tlie  timple  etfiert  all  contain  oxygen,  ami  are 
formed  by  the  distillatioo  of  the  alcohol  with  snljiliurlc . 
thift  case  the  di»till»l  liquid  may  be  viewed  as  a  compuuud  i 
from  UD  atom  or  alcohol  by  the  removal  of  an  at«m  of 
'I'liprc  arc,  however,  rciiiK>nB  for  thiukiiig  that  the  true 
hct«een  the  alcohol  and  the  ether  is  of  a  diffcreot  nntDrei 
Bup[io8ing  this  hypothesis  lo  be  correct,  the  simple  ethert 
tire  considered  to  con*iat  of  oxides  of  psnicuUr  hydr 
"(which  form  the  radicles  of  the  ethers),  whiUi  tlie  alcoholi 
be  hyiimlcd  oxide*  of  the  same  bodiea.  Thus  Liebig  trj 
ordinary  (ethylie)  ctbcr  as  osido  of  ethyl  (C,II})0,  audi 
Jitcolu)!'  iM  bydrated  oxide  of  ethyl  (C.H  JO.HO.  Berxc 
^gcsted,  on  the  other  baud,  that  ether  aud  alcohol  mi(;hl 
formcil  iipoD  a  similar  plan,  (iDd  later  researches,  partic 
of  W'UliuitMOii,M.wiii  to  Imve  deiiiuntitrat*^  that  tliv  molt 
stitutioii  uf  alcubol  a  similar  to  that  of  ether;  ao  that 

be  regarded  as  compoiindit  formed  upon  the  type  of  water 

iu  which  carie  alcohol  would  be  water  in  which  oae-half 
hydrogen  ha»  been  displaced  by  ethyl ;  and  ether  would  be 
which  both  halvi^t  of  the  hydrogen  bare  bcco  displaced  by 
thus,  v„.  M„^_ 


This  doubling  of  the  formula  of  ether  has  became 
sary  in  voiiMxpieoce  of  \\'illi«m*oii'»   discovery  of  the 
'[.Df  double  ethers,  the  general   pruperties  of  wbieh  we 
examiue. 

a.  Double  or  Mixtd  Ethtrn. — When   Mjditim   or  pot 
added  gradually  to  anhydrous  alcohol,  a  bnsk  action 
temperature  risc^  rapidly,  and  the   metal  ia  dLssolred, 
extrication  of  pure  hydmgvn  g«»  takes   place,  and  a  fiis 
tdlixable,  deliquesceut  compound   in  formed,  which  has 
tltc  uamc  of  todinm-alcofiol  (or  potasaium-alcobolt,  or  uf  < 
of  Hoda  (ur  of  potnsh);  it*  compusitioo  being  ttueh  that  it 
regudod  u*  alcohol  in   which    it>  typical   atom   of  hyiffi 
liceu  displaoe<l  by  an  atom  of  sodium  or  of  \"  ' 

Q-  J,  Uhem.  Soc.,  it.  iq^,  2lj));  thus,  if  eodiu...  »^  u=^m 
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ElUionic  anltydriJc     .  .  C^ll^  2  S,0, 

Ilvdrated  etbioiiic  acid  .    a  HO.C^II,  2  Sfi^ 

iMthionic  acid    .  .  .       HO.C^H,      S,0,  I 

;  CotiKqnentlf  the  change  irliicli   occurs  when   hjdratctl     ctliionic 
~       u  diluted  with  water  and  boiled,  is  the  fcllontng : — 

ttTJwtoJ  Bttfaato  kiii.  imhionic  «U-  Bulpb'ihc  and. 

2  HO,CJ1^2  S,0,  +  B,0,=  Ha(CH,Sp,+  2  HO,S,d^ 

EtAlonte  anhydride  (C^H,,  a  S,0^)  was  tcnncd  bj  Ma^ns,  it« 
diieoverer.  Sulphate  of  Carhtfle.  It  ih  prepared  in  the  form  of  a 
■hill!  cryatalliue  lolid,  bjr  alloiriu^  the  vapours  of  sulphuric  auliy- 
dridc  to  oome  into  cotitact  with  dry  oIcHaDt  gas  in  ii  bcmt  tnbc 
Ifjit  cool.  The  same  comjioiind  iii  olitiiiticd  vihow  &  tube  charged 
«Tlh  aohydrons  alcohol  is  placed  iu  a  bottle  fitted  nith  an  accu> 
niely  ground  stopper,  and  containing  sulphuric  anhydride ;  in  the 
of  a  fetr  day»  vrhitc  nilky  crj'-iUd»  of  cthionic  anhydride  arc 
in  the  tube.  These  crystala  melt  at  176^,  aud  deliquesce 
ly  by  exposure  to  titc  air.  Thoy  arc  eolublc  in  water  aud  in 
vith  grcut  elcTiition  of  tciiipurnture,  and  cannot  he  re- 
coreitd  by  ei'aporating  the  liquid,  for  eaeb  atom  of  the  compound 
Msinilatea  2  atoms  of  water,  and  becomes  converted  into  the 
ted  acid.  The  acid  thus  obtained,  however,  \*  not  pure, 
MDce  owing  to  the  elevation  of  temperature  a  portion  of  ctbioniu 
ncsorcrted  into  iscthionic  acid.  If  the  totution  Ijc  ncntraliEed 
uy  meaiu  of  cnrljouutv  of  barj'tn,  and  cvaponiU-d  at  n  tciii|>eriiture 
Mow  3  la**  until  precipitation  commenres,  clhionate  of  baryta  is 
fanud,  and  may  be  obtained  by  adding;  absolute  alcohol  until  the 
ittmXj  of  (he  Kolution  is  reduced  to  0900  ;  the  Milt  tini.i  pre- 
cipitated is  impure  etbionate  of  baryta :  it  must  be  rediiisolved  in 
titer,  and  agniu  precipitated  by  the  addition  of  alcohol.  The 
BlUunatea  are  soluble  iu  watt-r,  but  insoluble  in  alcuhol ;  they  arc 
mposed  by  a  temperature  of  ai3°.  If  ethtonate  of  baryta  bo 
:d  ftlningly  in  a  tube,  it  jiclils  sulptiuric  acid  and  a  »iihlimatc 
Bfttiiphiir,  the  residue  coutjuning  sulphate  of  baryta  and  .iiitphide 
of  barium.  The  ethionatea  of  potash,  ammonia,  and  soda  may  bo 
randily'  obtaineil  in  er^'stah;  tliey  are  prepared  by  decomposing  a 
■olatkra  of  cthionato  of  baryta  by  tncana  of  a  solution  of  the 
rtifvclive  aulplialea  of  the  diBcrent  huscs. 

I  (988!  Other  i^tnic  Acids. — Sulpho-acids  may  be  obtained  from 
pe  roctlijlic,  tritylic,  tctrylic,  ainylic,  and  other  alcohols,  by 
■tsting  tbem  in  a  manner  similar  to  that  directed  for  procuring 
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sii1phcthj:lic  mcid.  Sulphonu'tli^lic  ftcid  maj  be  obtainrJ  in 
nystals  by  eraponting  it«  Buhilioii  in  vacuo.  Itut  the  suliiliurio 
is  not  tlie  only  acid  nliicli  gives  rise  to  these  compouod  acids  rith 
tlic  alcotioU.  Tbc  pot^basic  acids  id  general  exhibit  tbis  power, 
eveii  ttiough  tlieir  acid  character  may  be  but  feeble.  Carbolic, 
oxalic,  aud  tartaric  ac-ids,  for  iustiuice,  may  be  made  to  jitii 
compouml  ncid^  niinlogous  to  tbc  sulpbctliylic  ;  and  tbc  saciic  tiling 
baB  iwcn  ob»ervf!il  with  sulpkocarlKtmc  acid  (bisulphide  nf  carboo). 
The  tribasic  acids,  such  as  tbc  pbospboric,  cren  form  two  acid 
compounds.  The  formiiltc  of  some  of  these  eouplcd  acids  iu  the 
ethyhc  neries  and  of  their  »aiU  are  exhibited  in  tite  follonuig 
tabic: — 


VlaioAdil. 

UjJnML 

UMaUle  B4ll. 

Carbothybc  .    .    . 
Xiinthii'  ornlpho-l 
carbelhTlio     .     J 
Os&lethjrlio   .     .     . 
T^rtrctbylio .    .    . 
Eihyliulphuroui    . 
Flioipbi>thylic  .    . 
DiphotpUethylic 

HO.C,ff,O.C,0, 

H0,CiH,O,C,8, 

no.c.n.o.c.o, 

llO.C.H.O.S.O, 

1  no.c'.H.o.po. 

HO.)<C,H,0).PO, 

K0.C,H,O,Cg8, 

Ko.c.n.o.c.o, 

KO.C,H.O.C,H,0„ 

KO.C.H,O.S,0. 
3B«O.C,U,0,l'0.+  ljlq 
PbO,a(t.-.H,0)l»0. 

Simila)*  compounds  may  be  formed  with  the  other  alcohols. 

Carbethylir  or  carbmimc  acid  cannot  be  isolated,  Init  the  ear* 
hcthylatcof  putoeli  is  obc&iucd  by  trnui*mittiiig  a  ciiTreiit  of  carboufl  , 
flcid  through  a  eolution  of  hydrate  of  potash  iii  abwulute  alooboL  ' 
It  is  soluble  in  nlcobol,  and  forma  pearly  scales  which  are  deco^^ 
posed  by  water  into  bicarbonate  of  potash  and  alcohol. 

Xoitlhic  or  Sii/ihocaibfthflic  Acid. — Xaiithntc  or  »ulphocarb> 
etbylate  of  potaRb  is  a  tnlt  which  crystalliieB  in  needles.  It  is 
easily  obtained  by  adding  to  an  alcohohc  wlutiou  of  potash,  a 
quariuty  of  bisulphide  of  carbon,  until  the  alkaline  rcactioa  hai 
disappeared  ;  on  exposing  the  fobition  to  a  cold  of  32^  the  salt  n 
deposited  iii  nt'cdlcn;  and  the  sidphucarbethylic  acid  may  be 
obtained  from  tbia  aalt  by  decomposing  a  concentrated  solutiou  of 
it  with  hydrochloric  acid,  when  it  separateH  as  a  heary  oily  liquid. 

Oxalethylic  Acid. — Tbc  oxidcthylutc  (oxatovinatc)  of  potiulij . 
is  obtained  by  decomposing  oxalic  ether  dissolved  in  alcobotj 
by  a  quantity  of  an  alcoholic  solution  of  potash  sufficient  ta.] 
combine  iritb  one  half  of  the  oxalic  acid  vbich  it  contains.  { 
Tbc  alcoholic  aolution  yieldft  pearly  scales  of  tbc  salt,  which,' 
when  decomposed  with  fluosilicic  acid,  furnishes  free  Osalethybc 
acid. 


■THB    ETHEKS, 


Kthiftnlphuroui  or  mfphoethyloHe  add  is  ottaiiifd  by  acting 
BD  RMnraptan  {C,H,Sj)  (99H)  with  nitric  acid  (of  sp.  gr.  1-23) 
»  deoompositioD  continiies  to  t«k«  |>lucc :  a  violent  rcactioa 
s,  attrndi-d  with  the  cscnpe  of  nitrous  fumea.  The  execM 
of  nitric  Bcid  is  cxpcdicd  hy  craporating  llic  liquid  over  the 
vator  lutli,  aiid  the  residue,  allor  dilution,  U  HAturntwl  with 
joftte  of  lead ;  the  filtered  liquid  is  evaporated,  and  tha 
byUulpbite  of  Icail  in  allowed  to  crptallii'^.  If  this  salt  bo 
hv  nieaua  of  aulpVinretled  Iiydni^eri,  the  acid  is  set 
liberty,  and,  by  concentration  over  tbc  water  bath,  it  may  be 
uned  in  trajisparent  cryataln,  which   have  au  acid  disagreeable 


PhatjAetkylic  or  Pkoaphavittie  Acid. — When  equal  parts  of 

ahoi  and  syrupy  phosplionc  acid  are  heated    together,  coubi- 

^D  takes  place;  phosphctbTlate  of  baryta  may  be  ubtftiniHl  by 

iratiug  the  liquid  with  carbonate  of  baryta,  distilling  off  the 

of  alcohol  and  then  filtering  the  ^Itition  and  allowing  tt  to 

fstaJlizc.     Ou  dcoumpoeing  this  salt  cautiously  by  the  additioo 

rsnlphtmc  afid,  the  phosphcthylic  a^^id  is  liberated. 

Diphoaphethi/tic  Acid. —  By  adding  anhydrous  phosphoric  acid 
"indually  to  absolute  alcohol,  a  mixture  of  phoaphethylic  aud 
dipbosphetltyl ie  a<nd  is  formed.  On  the  addition  of  citrlionatc  of 
lead,  the  pho«phcthylie  acid  and  the  excc«s  of  phosphoric  acid  arc 

Eioved,  whilst  the  diphosphethylatc  of  \vsi\  remains  in  solution, 
!  may  be  olrtained  tu  cryatata  by  evaporali<>n  ;  if  the  acid  be 
aired  in  a  separate  form,  it  may  be  procured  by  paiaing  aul- 
Itharetted  hydrogen  through  a  soUitioo  of  the  lead  nalt.  Whca 
dipbosphetbylate  of  lend  is  subjected  to  a  heiit  of  about  370", 
[is  decomposed,  and  phosphoric  elhcr  distils  over: — 

a  tPlO.(C^H,0)^POJ=3  C,H,0,PO.  +  2  Pb0,C,H,O,PO,: 

§  III.  Tbb  Ethkbs — Simple,  Dodslb,  and  Compound. 

(989)   Gatftal  RetnarkM  on  iht  Kthera. — The   ctliers   admit  of 

eontenieutly  subdivided    into    three    classes,    to..,    i.  Thfi 

rthen,  of  which  ordinary  ether  (C^HjOiC^UjO)  ia  the  beat 

tativc      2.  The   duuhte  or   mixed  etherf,   diaoovercd    by 

m,  such  as  the  methyl-amylic  {C.HjO,C|yH,,0),  aud  the 

lie  <U,iljO,C„n,;0}.     3.  The  compound  ethers,  which 

aikcx   eoutain   the  element*   of  a   simple  ether  and  of  no 

rooa  oiy-add,  such  as    nitric   ether  (C,HjO,NO,),  acetate 

■myl    (Cji^UijU.C^IljOj),  and    formiate    of   methyl    (CjH^ 


SlJiTLV.   A\-D    norBLB    ETHBRfl. 


CjHOj) :  Of  they  may  Iw  produced  by  the  action  of  a  hydricid, 
siich  as  the  hytirochluric,  upon  otic  of  the  ulcofaola ;  Iiydrochlorki 
ether  (C^IIjCl)  and  hydriodio  ether  (C,lljl)  affording  examples  of 
this  kind. 

I.  The  iimple   ethcra  all    coDtaiti  oxygen,  and  arc  uaiially 
formed   by  the  distillation  of  the  alcohol  with  sulphuric  actd ;  in 
this  c&«4>  the  distilled  liquid  may  l)c  viewed  »%  a  compound  derived 
from  uTi  atom  of  alcohol  by  the  n-muvul  of  oil  atom  of  water. 
There  nre,  however,  reasons  for   thinking   that  the  true  relatiom 
between  the  alcohol  and  the  ether  is  of  a  diS'crcnt  nutarc;  but, 
supposing  this  hypothi^sis  to  l>c  correct,  the  Bimple  i-tlicrs  might 
lie    coiiiticlered    lo   consist   of   oxides  of   particular   hydrocarbona' 
(which  form  the  ladtclett  of  the  ethers),  nhiUt  the  alcohols  would  | 
be  hydrated  oxides  of  the  same  bodies.     Thus  Liebig  repretentti 
ordinary  (ethylic)  ether  aa  oxide  of  ethyl  (CfH()0,  and  ordinwy 
alcohol  OS  hydratcd  osidc  of  ethyl  (Cjllj)0,110.      Berzclius  sag. 
gcsted,  on  the  other  hand,  that  ether  and  alcohol  might  each  be  . 
formed  upon  a  similar  plan,  and  later  researches,  pariicidarlr  thoae 
of  Williamson,  seem  to  have  dvuionstralcd  tlist  the  molecular  con- 
Btitution  of  alcohol  is  similar  to  that  of  ether ;  so  that   both  may 

be  regarded  as  compound*  formed  upon  the  type  of  water  ^  -O^ 

in  which  case  nlcohol  would  he  water  in  which  one>half  of  the 
bydrogrn  has  hctn  displaced  by  ethyl ;  and  ether  nould  be  water  ia 
which  both  halves  of  the  livdrpgen  have  been  displaced   by  ethfl  j 

thUK,  wr»trf.  Almliul.  Bl>i>r. 


Ho 


C.H, 


This  doubling  of  the  formula  of  ether  has  become 
sury  ill  coii»equciico  of  Willlamtoii's   diBcovery  of  the   exialt 
of  double  ctlicrs,  the   general    pi-opcrticH  of  which   we  proceed 
examine. 

3.  Double  or  Mixed  Ethert. — When   sodium  or  [xttn^siuoLJ 
added   gradually  to  anhydrous  atcoliol,  a  hnsk  action  occur^, 
tcniperatnre  rises  rapidly,  and  tlie   metal  is  dissolved,  whiUt  i 
extrication  of  pure  bydrL>gen  gns  takes  place,  and  a  fusible,  cr 
tallixablo,  deliquescent   compound   is   formed,  which  has   reoei!| 
the  name  of  $odium-alcoftot  (or  potas«nm-alcohol),  or  of  ethyt 
of  aoda  (or  of  putosb) ;  its  composition  being  such  tbai  it  may  [ 
regarded  as  alcohol  in   which   it»  typical   atom   of  hydrogen 
l)een  displaced  by  au  atom  of  sodium  or  of  potassium  (Willis 
Q.  J.  Chem.  Soc,  iv.  ic6,  229) ;  thus,  if  sodium  be  used  : — 


JtniLR,   on    IIIXBD    ETIIRIU. 

1  (C,UiO,IK>)  +  Na^^a  (C.U,0,NaO)  +  Uj. 

lliu  «ul]0equcnt  leactionn  may,  perhxpa,  be  more  reailily 
hj  Uirowiug  tbe  equatious   iato  a  form   uinilar  to  lUo 


B«llaRi-<U«*aL 


ictioa  of  sodiuiD  or  potassium  upon  the  otiicr  alcohols  is  of 
alo^ax  nntarc;  for  example,  a  similar  result  ts  obtnitx-J 
wood  spirit  ta  treated  viLh  sodium  : — 

Hnkjl  alMluI  ftudiun  iwUijUln»)iuI. 

r,  if  tlie  Bodium  rotnptiiiml  of  alcohol  be  sealeH  up  in  n  tnlie 
cquivalcut  amuuiit  uf  iodide  of  mvlUjl,  and  beat  be 
RKitiial   decora posittofi  occurs;    iodi<lc  of  sodium  being 

whilst  tUe  inKhyl  lnkr!t  the  place  of  ttic  Bodtum  in  tlie 
id  thus  a  double  or  mixed  ether,  the  cthjri-mctliylic,  is 


thjIisaUitt. 


lolMcoT 


Na]"'+      I  J  -  aHj"»+   I  J 

of  a  wuilar  kind  is  obtaiucd    if  iodide  of  aiuyl  be 
itu  ad  upon  tlio  Midium-alcobol;  ftmyUctliytic  ctbcr  bciog 
ID  tbia  cam,  as  follows : — 

SrMwrtiW.  t»4»lir<if«ni]i.    Ab; l«(h;1iii  rtiwr. 

other    double    ethrrs    bare    been    formed    by  anslognns 
TUc  tiiicoflibiiieil  molecule  of  cadi  of  llioe  L-tben  yields 
uf  ia]Hmr,  &»  tii»y  tie  mi;ii  by  compariug  tbe  thcorclical 
eipt-riuictiial  oambers : — 


^         D-Mtte  Mlwr.                                        rri»i1i 

■■'King 
PoiM 

•r. 

sr^iflc 

Onrllf. 

.<■  .   .    ,     C.n.o.c,  n.o 
c.n.o.c,„H.,o 

C;HAt.,n.,0 
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MIXED   AMD    COHPOVND   KTHBU. 


It   is  ccrtaiu  thftt  tlicM  bodies  Are  truly  compoandA,  and 
mere  mixtures  of  the  two  ethcn ;  the  constancjr  of  their  boUi^ 
|>ointit  alone  would   be  sulBcieut  to  prove  thi«   fuct  :    for  exani| 
mctbj-lic  ctlicr   i«  gaseous  at  ordinary  temperatures,  and  ctbjr] 
ether  boils  at  ^4°'^,  but  the  compound  ether  h:u  a  fixed 
point  at  ji°'8. 

?iow,  IF  iodide  of  clhvl    be  Bubstitutcd  for  the  iodide  ofamjl 
or  iodide  of  methyl,  in  tlie  foregoing  experiment,  the  iodide 
ethyl  aUo    is  decomposed    by   the  sodium -iUcoliol,  ami  ordit 
ether  ia  produced  : — 

SttjOi-  atluii. 


Sodivm  ■IcuhoL 


Iddiitn  of 


tamtet 


Nar'+    1   i-C,nj"«"^Ij- 

The  coHcluiion,  therefore,  appears  to  be  iri<<Tituble,  that  the  mol 
of  coniriiuii  ether  must  likewise  be  aiialu;;oiis  in  its  cunstructioa 
the   molecules  of  the  double  ethers.      Moreover,  if  the   uud 
billed  molecule  of  ellier  be  reganled  as  eom|K»md  only  of  C^H 
it  yields  only  two  volumes  of  vupour;    whereas,  if  the  moleco 
be  taken  as  (C,[l(0,CflIj,0)i  it  yields  lour  rolumeaof  vapour,  lika 
hieohol  and  tlie  other  organic  comimunds. 

3-  Compotmd  Elhtrs. — Wheu  one  of  the  alcohols  is  brougfal 
into  contact  nith  a  hydratcd  nioiiobafiic  add,  the  two  budJes  read 
upou  vach  other,  iu  tbe  jiroporUou  of  one  cqiiivaleut  of  each,  two 
equivalents  of  water  are  elimiimteit,  and  the  elements  of  the  auliy< 
droua  acid  and  of  the  ether  uuite  together,  and  form  a  compound 
etlier.  Thu«,  when  acetic  acid  is  subjected  to  dlstillatioa  witb 
ordinary  alcohol,  acetic  ether  is  produced  : — 


AcRId  •eld. 


Aloahol. 


AoMM  ether. 


Water. 


H     }"•+     Hi"«      C.Hs    5"'*h5"« 

A  double  decomposition  occurs  in  thi«  case,  as  in  the  foregoii 
the  bikiic  hydrogen  of  the  acetic  acid  changing  places  with 
cttiyt  cuiitaiued  in  the  alcohol.  When  (be  afRnitii'-Jt  of  the 
are  not  Tery  strong,  the  reaetion  is  facilitated  by  mixing  one 
the  salts  of  the  add  «ith  alcohol,  and  then  llbcratiuj^  the 
by  the  agency  of  »ul|>buriv  ncid  ;  in  this  muoucr  formic  eti 
is  rendily  obtained  by  distilling  a  mixture  of  dry  fonniato 
soda,  alcohol,  and  concentrated  snipburic  acid,  although  hydrali 
formic  aeid  and  alcohol,  when  distilled  together,  have  but  a  com- 
paratiTely  small  action  upon  each  Either.  Berthelot  found  that 
by  exposing  the  alcohol  and  the  acid   id  sealed  tubes  for  somB 


COliraUND   BTBESS, 


ITT 


ifwraturc  varying  from  aia°  to  480",  ttc  reaction  of 
n|K>[i  the  alcohol  might  in  most  cases  be  otitaiuetl 
vcntioti  uf  a  strou^r  ucid. 
JU111I  ptliLTs,  much  as  the  hutrric,  tlic  benzoic,  tmi 
»y,  according  to  Ilcrthelot  [Ann.  de  Ctiimie,  III. 
ohtiun«i   by  scaling  up  a  misiure  of  the  hyrirated 
ilo  oKVgcu  ctbcr   in  a  tube,  aw)  ex|K)aiing  it  to  a 
I'iiit  750":  much  of  the  cth^*  remains  unc-onvcrted, 
ibo  CXLTM  of  nctd  citipluynl.     In  this  case  water 
ipoiind  other  arc  the  Hole  prodiictn,  no   alcohol  being 
nnry  to  what  might  havo  becu  ciipcctuci,  one  atom  of 
being  separnti-d  from  eucU  atom  of  bydratcd  acid : — 


rdailUr  M4J. 


WM(T. 


r«]fflilla«(Wr. 


.+  2 


(C-H..o.)o.)  =  ;jjo,+  =  (W.|o.) 


mIos  may  be  adopted  for  obtainihg  the  compound 
tlw  oxychlnridra  of  the  monobasic  acids  (1094) 
Fwith  akohol,  a  compound   clhcr  of  the   cori-espondiug 
itcid    ia  obtained :  thus  bciieotc   oxTchloride  (chloride 
vields  benzoic  ether  wbcn  heated  with   antivdroua 


9«U*hk«. 


Al<nl»l. 


H;vlrocU>rf> 


BcwtnrtW. 


tUUtion  of  the   concentrated  aqueous   aolutiou  of  a 

iiu-h  as  the  Bulpbometlivlate  or  sulpbctbylutc  of  potash 

with  a  txiuccittraivd  iwlution  of  tbe  sulphide,  eeleiiide, 

^r  oyanide  of  potassium,  furnlahcH  ao  easy  method  of 

p'  rreapouding  rther  with  sulphur,  «clcaium,  tcllu- 

u.      Thus  if  ihc  cyanide  of  uietlij  I  were  reijuired, 

would  be  tJic  foUowiug : — 


or iHtbiL 


|;»4>IA«h, 


node*    cf  preiuiriiig  particular    ethers  arc   adopted; 
fb©  noticed  when   the  ethers   to  which   they  apply  are 


of  tiic  bjdracids  are  readily  formed  by  the  direct 
acid)   t4>oii  the  olcohuln;  hydn>ohloric  ether,  for 
r  bo  formed  hy  Mtturating  alcohol  vith  bydroohlorio 
■nbmitiing  the  mixture  to  dhtillatioo ;— 


1?8 


NATDBB    OP  TBE    COUPOVKD  ^  KTIIEIIS. 


The  atom  of  ethyl  in  the  alcohol,  aud  that  of  hydrogen  in  the 
cliatiKe  pliices,  and  hydrochloric  ether  and  water  are  produced 
double  decomposition. 

Advantage  is  taken  of  the  facility  with  which  the  hydranl 
act  uijoii  the  nlcoholi,  in  order  to  prepare  comitouud  ethers  vi 
acids  of  compamtivcly  feeble  aflinitieK.     Thus  if  it  be  desired  i 
obtain  ethers  of  the  fatty  acids,  such  as  palmitic  ether  for  exatD| 
the  paluiitic  acid  is  dissolved  in  alcohul,  and  a  current  of  byd 
chloric  acid  is   tmii$mittcd,  whilst   the  alcohol  is  gently  heat 
After  the  rcnction  hns  terminated,  the  prodticl  is  iraabcd  with: 
water;  aud  the  palmitie  ctlicr  being  inaoluble  in  water,  is  rcadi 
separated  from  the  mixture.      It  npjji'are  tlmt  bydroehloric  ether! 
Iirxt  formed,  and  Ihtit  nftcrwards  undergoes  double  dccooiposiliQ 
when  healed  with  the  faltv  acid  : — 


]J]rilrCH<hlOTii:«Ui«r.    Pilmlilt  icid. 


I'lbmuotUw. 


CI  j 


The  ethers  of  the  dibasic  acids,  when  converted  into  rajiour,  yie 
only  2  volurties  of  vapour  for  each  atom  of  oxide  of  ctJiyl  {C^UA 
which  they  contain ;  su  that  if  4  volunies  of  vapour  be  taken 
the  repretieutaliTc  of  the  uncombiucd  molecule  of  tho»e  compouti 
tbc  noleciilar  formula  of  the  oxalic,  carbonic,  and  succinic  etli 
ntUHt  lie  talicu  as  cout&iuini;  one  atom  of  the  dibasic  acid  ands 
ntoiDK  of  oxidoof  ethvl;  the  formula  of  carbonic  etlier  being  writ 
(aC,H.O,C,OJ. 

<990)  Mature  of   the    Compound   Elhcrt. — Lichig    pr 
to  consider  the  compound  ethers  as  salts,   in  which   the  iwid  1 
onppDacd  to  be  conibinc<l   with  an  organic  oxide  instead  ofj 
metallic  one  ;  acetic  ether,  for  example,  twing  n^rded  as  ace 
of  o\idc  of  ethyl  J   (C,HjO,C^H^Oj.     The  organic  oxide,   he 
ever,  cannot  readily  be  displaced  by  a  metallic  osidc, — as  oxide  1 
ammonium  can  from  its  salts,  by  means  of  oxide  of  potassiiii 
and  the  properties  of  ctlicra,  as  well   a.t  the  mode  of  their  for 
tion,  are  lu  reality  more  allied  to  those  of  the  amides  than  to 
oHinary  sails.      Indeed,  thry  present  a  striking  analoyy  with  t|| 
amidea  (1164),  as  may  be  »ccu  ou  o>mparing  them  iu  a  few  leadU 
particulars. 

Tbe  amidGS  are  formed  by  the  union  of  ammonta  with 


or  THt 


illation  of  water  takes  place.     BcnMtnidc,  for 
tie  cJeiiiei.t»of  ftiogleatomsof  bousoic  acid  and 
oia,  mitiiu  a  atoms  of  water;  thus — 


B-tpWHJd. 


ITiUf. 


■pUitr  coDtains  tbe  cements  of  single  atoms  of  bcnxoic 
m'wcoliul,  al«j  miiiaa  two  atoms  of  u-nter : — 


..'^.f.°.]o.>ru-.H|o, 


UaoiaL 


tmMitmna. 


Ihniolc  tlWr. 


I. 

^K»>,  mhva  trc»t«d  with  h^rlratiiig  ngciit«,  Of,  for  in»(an«^ 
Bffinl  wittiaUtalivs,  slowly  became  hydrau-t),  uliilst  ammonia, 
i«  acid  from  wliicli  ttic;  were  formed,  arc  reproducxnl :  and 
r  maitnet  tlic  compound  ctlicn,  hIicii  treated  with  a  »oUitiou 
nab,  are  rosolvcd  into  alcohol,  and  the  acid  from  which  they 
'onncd.  Iiidped,  this  change  of  the  compound  ethers  into 
>l  and  the  h^dratcd  ncid  often  takes  place  by  mere  prolonged 
•X  with  water,  ain!  this  docompositiou  is  greatly  acwleratt'd 
c  prftxaicc  of  a  smaU  quantity  of  fret  acid,  particularly  if  the 
mure  be  raised  to  tho  boiling  \>mut.  Wbcn  heated  witli 
Undttr  prv*Anre,  the  compound  ether*,  ns  a  rule,  become  coti- 
1  into    free   tivdtatcd  acid   and  the  alcohol  of   the   etlier 


tbe  dibasic  acidn  form   with   amldogcn,  amiiiic   acid*, 
LT  b«  regarded  as  acids  in  which  ouc  bilf  of  the  actd  han 
a  reduction  to  titc  form  of  amide  by  the  actiou  of  i 
miiioitia;   and   the  vinic  ncidH,  iu  like  manner,  may  bcJ 


ia:!, 

^V  dibatic  acidi  in  which  one  half  tlio  acid  has  been  cou> 
ll  into  a  com]K>uud  ctber  by  the  action  of  i  atom  of  one  of 
■kohobh  Oxaiuic  and  oxnlctbylic  (oxalovinic}  acids,  for  in- 
.  »....  ijg  refiffaenlctl  respectively  as  compounds  of  oxalic 
—      -laidc  and  with  oxalic  ether: — 


OMlkuil. 


>  «!•.  Oiamle  kU. 


l,0,C,0,+2  HO,Cp,=a  (HO.C.H,0,C.O^. 
Chvimieat  t^foprrlif  e/ /^c  S/Arr9.—7\ic  simple  Cllitf^, 
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SD<1  tliv  oompoiini]  etliers  of  tlie  ntonobauc  utddif,  jo 

vol&tilixed  nitliout  undergoing  docotnpasitiou }  bu 

point  rises  about  39°  far  each  idditioiial  eqaivolcnt  of  tbt 

cubon  (Cnllg)'     A   ainiilur  olM«n'Btion   may   lie  mppliiil 

boiling  point  of  compouad  btlicra  of  diSercDt  slcohoU  ilerir 

tlie  same  add,  as  veil  u  to  that  of  ethers  derived  rrom  them 

hoi  but  cQUtainitig  difTereiit  but  homolo);ou»  adde.     The  e^ 

geuerul!^-  pjMthiigly  eolublu  in  wntcr,  but  tliCT  are  readilj*  a 

hy  alcoliol  and   by  ordinary  cth<>T.     IVoiic  of  the  «iiap]q 

hiivc  as  yet  bovo  (lct«ctc*l  ready  forcoci.1  iu  t)io  vegetable  U 

but  the  compouud  ctbcrft  appear  to  bciiot  uufretiiiently  pri 

fruits  and  some  other  partis  of  plants,  vliicb  occasioniilly  01 

frngraiicc  to  these  bodies.     The  ft/  of  winltrr  green  is  a  8| 

of  metlivl  (C^HjOjCulijOJ,  aud,  as  Cnhours  has  eho 

be  artitieiHlly  produced  by  the  comliinnlion  of  oxkle 

with  palieylic  acid.     Mniiy  of  the  arliBcial  vssenoiTB 

perfitnicr»  and  coufcctioiierscoii^i&t  of  compound  ethera 

alcohol ;  for  it  is  a  reinsrkable  ctrcumstance,  that  tbc  pi 

ollon  have  a  repulsive  oduur,  wtiicU  is  very  different  from  tfai 

tliey  )>owfiess  vhen  largely  diluted  with  alcohol.       The  a 

ptar  oU,  or  esstnce  of  Jargonelle  pear,  m  an  alcoholic  attli 

acetate  of  aiuyl,  C,„H|,OtCjII,Oj.     Apf/le  oil  in  a  aiiuilar  ^ 

lion  of  taleriaiiatc  of  ninyl,  C,„H|,0,C|yH,Oj,      I'inc 

•imply  bntyrio  ether  (C«H,0,C\H,Oi)  diluted  with  nl< 

tiiana, Ann. deCAimie,}l\.ix\W. ^2^).  E*srHcrofmi-lo»$n 

eompoHud  of  one  of  the  acids  of  cocoa-nut  oil.    Estfnce 

dilute  pclargoiiic  ether,  0,11^0,  C„U,jO,;  and  the  pei 

of  «iue  is  found  to  he  due  to  un  ether,  (erincd  by 

I'clouw,  who  di»co*oi'cd  it,  tmanthie  tlher  (from  utvoc, 

which,    according    to    Dclffs,  is  the  same  as  |ielargOi 

C.HjO,  C,„H  ,,0^.    This  ether  lo  staled  to  lie  the  h«»i*  0/ 

trine  f/it,  ithieh  ha»  becu  »old  »t  a  very  high  price  fo; 

llraudy. 

Ordinary  Ether— Theory  of  Eihrrificalion. 


(992)  Eritxa;  Elkyiie  ax  Vtnie  Ethtr,  atnactltacK  ] 
eallwl  Sniphunc  EOier  (C,ir„0),  =  74 :  Sp.  yr.  nf  ii^ 
o'7:J<55  ;  ff  vopmr  2'58<S;  Boiling  pi.  t^-i. 

Prfptiration, — Foraierly  ether  was  prepared  by  mu 

surea  of  »lei>bul  and  1  uicji^iire  of  sulphuric  acid,  nc 

until  it  1h'{;u]i  to  blueWeuj  then  a  ijuuiility  uf  aleubc 

liairUiot  originally  used,  waa  added  io  the  rrsidue  ia 

oiif?  lijc  diatiUatiou  was  again  (irocenlnl  witli  until  the 


ruEPiRATtnN  or  osdinauv  etiikr. 


Tlic  method  at  present  in  general  vsc  for  the  prc- 

ioQ  of  other   is  that  known  as  the  '  cotitinuoits  process'  of 

tiay.     It  coii!4i«tii  in  mixing  together  equal  meiuiirc«  of  slcoho] 

gr.   0'830),  ami  conccntraicd  Bulphiiric  nrid  ;    the  niiitiirc 

uihmitted  to  distillation   in   a  capacions  i-etort,  winch  mutl  1>e 

lectnl  with  nn  efficient  condetiwr.     Throiiffh  the  tuhuiiirc  of 

retort  a  tiitic  is  introtlui-n),  whicli  is  in  communication  with  a 

Mr  of  alcohol,  designed  to  maintain  a  Hupply  of  aptrit  anfll- 

rimt  to  kot'p  the  amount  of  liquid  nt  n  uniform  level  in  the  retort 

dnruig  tlip  conrscof  the  snhsrqunit  iliscillation.     The  temperature 

ii  tlien  rapidly  raiited  so   aa   to  nmiiitnin  the  mixture  in  >teady| 

(Mlition.      The  liquid  wliich  pa;^«e%  over  consists  almost  entirely 

of  ether  and  water,  mixed  with  a  small  portion  of  alcohol,  which 

ksi  dittillcd  over  unchauj^cd. 

This  process  mar  go  on  witlioiit  iotcrrnption  until  a  quantity 
tf  alcohol,  about  30  times  an  great  a-i  that  originally  taken,  hni 
come  GORvcrted  into  ether.  Iscthiontc  itcid  is  gradually  formed 
llie  rpsidae. 
)1  it»ehcrlich  distilled  n  mislurc  of  1  part  of  nlwohite  nlcohol 
lith  2  porta  of  sulphuric  acid,  consisting  of  5  parts  of  oil  of  vitriol 
Jflutedwilh  1  partof water(2HO,S,Oj,  +  2llO;  1-11.gr.r78  nearly), 
'  the  original  volume  of  liquid  in  the  retort  bein;>  maintained  by  a 
f  Cndnt)  supply  of  ahaolute  alcohol ;  he  found  that  for  cvciy  ico 
pifta  0/  alcohol  roiwuini'd,  about  6^  of  ctlier,  1 7  of  water,  ami  \  8 
of  imdecoTnpo««d  alcohol  were  obtained  :  the  quantity  of  alcohol 
vliidi  distiln  depending  upon  tlic  rapidity  with  which  the  opera* 
tton  U  conducted ;  the  mori;  qtiicldy  it  is  performed  the  larger 
being  the  quantity  of  alcohol.  AVhen  absolute  alcohol  is  used, 
fores'ery  65  parts  of  ether  obtained,  ly^  of  water  should  Ije  pro- 
docedj  the  ulight  excess  observed  depending  upon  the  presence  of 
trace*  of  water  in  the  alcohol.  IVith  a  more  dilute  aEcoliol  the 
pnportion  of  water  which  passca  over  is  greater,  the  pxccm 
'ponding  with  the  amonnt  present  in  the  alcohol.  Tlie  tem- 
arr  nu»t  favourable  to  the  formation  of  ether  is  from  284°  to 
390^  At  a  tcmpcrnttune  of  320°  the  disengagement  of  sulphurous 
Kill  nixfd  with  ulchant  gaa  and  oil  of  vine  commencca.  If  a 
adpharic  ackl  much  more  dilute  than  one  of  sp.  gr.  1-6^2  (2  IIO, 
Vifi^+^HO)  be  employed,  the  cxocM  of  water  gradually  distils  over 
nith  the  alarfiol,  which  undeigoea  little  Hiange  until  thp  liqnid 
l«s  become  mStcicutly  concentrated  to  nllou'  the  boiling  |>oiiit  to 
tm  to  384°,  after  which  ether  is  formed  a^  usual.  Alcohol  may 
•ho  be  converted  into  ether  by  hcatiTig  it  with  phosphorie,  araenic, 
mA  pcnbloric  aridit,  na  well  aa   by  means  of  bichloride  of  tiuj 


las 
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cliloriJe  of  zinc,  fluoride  of  buron.  and  bj-  several  otJicr  proccaser 
which  -will  be  furtlier  considered  wlieii  tbo  theory  of  etherificatioa 
in  ptsAed  Hnclcr  revion-  (993). 

In  onlcr  to  pnrify  tlic  crude  ether,  it  sliould  he  agitated  vilh 
an  equal  bulk  of  water,  contaiDiug  ,Vth  of  its  weight  ofcarboDatc 
of  ]>otash  in  solution  ;  the  uatcr  combines  trith  the  alcohol,  and 
the  poloiih  unites  with  any  sulphurous  acid  that  may  have  distilled 
aver  :  the  liquid  separates  into  two  kjcrs,  the  upper  ])urt  of  wliii^ 
ronsUt*  of  ether  holding  a  little  water  in  solution.  The  ether  may 
lie  freed  irom  water  by  allowing  it  to  stand  for  a  day  or  tno  ujwn 
quicklimr,  or  upon  ridoridc  of  calcium:  it  is  then  to  be  rcctilial 
by  the  heat  of  a  watcr-hath,  and  coiidcnaed  in  vesaola  kept  cool 
with  ice-cold  water. 

Pi-oprrliet. — Pure  ether  is  a  very  hrapid,  colourless,  tran*. 
parent,   volatile  liquid,  of  high    rcfnictiiij^   |>o"er;  it  poai9e8»es  a 
powerful,  pcnctraliug,  and  peculiar  odour,  and  a  taste  at  first  fie fy, 
hilt  iiftrrwards  cooling  :  if  taken  iuteriially  it  produces  stimulating 
and  intoxicating  eflects.      Its  vapour,  when  iiilialed,  at  fir^t  occa- 
sions CKhilarntiou,  Hpeedily   followed  by  eoniptcte  inscn&ibility  to 
pain  ;  owing  to  this  property  it  was  at  one  time  extensively  id> 
ministered  during  surgical  operation?,  to  diiuiuiih  the  eoBering* 
of  the  pntient ;   but   it«  employment  for  this  piirpoMc   has   beau 
superseded  by  tlii;  use  of  diloruftirm,  the  effects  of  w  kicli  are  noon 
Kpealy  and  certain,  and  arc  attended  with  leu  excitement  to  tbc 
system.     Ether  has  a  sp.  gr.  uf  0734at_;5°  ;  and  it  is  usually  stnied 
to  frcc80  at  —  24".  It  is  probsible,  however,  that  the  specimen  which 
gave  this  result  was  not  pure,  as  accordiug  to  Mitchell,  it  may  b« 
exposed  to  a  cold  of— 146°   without  becoming  solid.      From  iti 
^reat  volatility,  and    the  con.«cqticnt  dcprcsMon  of  temperature 
furnished  by  ils  rapid  evaporation,  it  i»  frequently  cuipkiycd  for 
producing  cold  artificially,     Elher  is  dissolved  freely  by  alcohol, 
hut  sparingly  by  water.      WHieu  agitated  with  an  cqunl  bulk  of 
water,  it  dissolves  abont  :.',ith  of  its  rolunie  of  water,  while  the 
water  takes  ;th  of  its  bulk  of  ether.     Ether  ie  employed  to  some 
extent  as  a  solvent  for  fatty  bodies,  and  is  used  in  the  proximate 
analyaia  of  organic  matters  for  aeparating  tlie  fata  or  oils  whicli 
they  coDtatn,  from    other  substanee^  which  are  not  soluble  is 
ether.        Iodine,     sulphur,    and     phosphorus     are    diiwolrcd     Iiy 
ether.     Ammoniaenl    gnx,    and    deutoxidc  of  nitrogen,    are  nlso 
freely  absorbed  by  it:  certain  metallic  salts  are  likcni^  diesotved 
by  it ;   among  these  are  hicliloiidc  of  platinum,  and  scsquichloride 
of  iron  :  ttnth  bichloride  of  tin  it  form*  a  volatile  crj'stallinu  com- 
potmd  (C^H^PIb  SqCI]  :  and  a  similar  compuimd  coataioiug  titar 
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piiiitt  may  likewise  be  procured.  Chloride  of  mercnry  Rnd 
teirhknide  of  gold  are  st»o  ffee\y  soluble  io  ctlicr;  those  tird 
(^>n)|ioiiDdH  mar  be  ecjiarfitcd  from  tlicir  eoliitioii»  in  water  hjr 
i^-UitioQ  with  etliCTj  and  llicv  ritte  witli  il  to  tlio  surface  when  left 
•t  rest. 

£thrr  ts  bighly  inflnmtnable.  and  a»  it  isal^o  rcry  volatile  and 
bmUlies  a  va]>our  of  coiisltleralile  deuMty,  care  mmt  1>e  taken  not 
to  poor  it  out  in  the  vieioity  of  a  flame;  many  ftcrious  aeci<1cnt8 
luiTing  sriBen  from  s  neglect  of  this  precaution.  In  ccrtnin  pro- 
ponlona  iu  vajwur  forin-i  iiii  vxplosivi-  mixture  with  air  or  oxy|{ea. 
H'Krn  burned  with  a  BufEcient  supply  of  oxygen  it  produce*  only 
nter  ami  carbonic  acid.  Its  flame  14  more  liiminoiii  than  that  of 
'bol,  aod  it  dcpostU  charcoal  on  cold  1x)dic»  which  are  iutro- 
iuto  it.  When  passed  through  ignited  porcelain  tubes  61led 
ilh  fragments  of  jKii'celain  itiBdeconipoBod;  eiiarcoal  is  deposited, 
I  tildibyii  is  fumid  among  the  products.  If  the  temperature 
Bot  too  high,  a  large  quantity  of  aeetyleuo  (C^Hj)  (1043)  is 
iood,  mixed  with  olefiant  ga».  If  burnod  at  a  lower  heat  with 
dent  access  of  air,  it  yidds  a  mixture  of  aldcbyd  with  aectic 
acid  and  acetal ;  but  aldehyd  is  the  predominating  ingredient: 
lliis  fonnatiDD  ofaldebyd  is  easily  explained,  since  the  suhstltutioa 

fi  atoms  of  oxygen  for  two  of  hydrogen  in  the  formula  for 
funiiithc»  the  elements  of  tno8tom»of  xldchyd,  the  hydrogen 
iiin|{  witU  two  more  atoms  of  oxygeo,  and  being  climiuatcd 
fona  of  wat«r  : — 
tlWr.  JIJAfil. 

C,H  ,0),  +  0,=  a  (C,Hp,)  + 11,0,. 

If  ether  be  kept  in  i-csach  [Mrlially  filled  with  air,  it  gradually 
abnrb«  oxygen,  and  ncotic  Hold   i«   furmud.      When  treated   with 

Etratetl  sulphuric  acid,  onUnary  etlier  becomes  cunverted  into 
tbylic  acid  ;  and  if  this  liquid  be  boiled,  sweet  oil  of  wine 
^   li  with  *ul|>huroii«  acii!  pas^i.^  over  j  the  mij^ture  blacken*  con- 
dderably,  and  nbionic  and  isctliiuuic  aciils  are  formed  in  tbc  retort. 
Nitric  acid  acts  powerfully  upon  ether  with  the  aid  of  beat, 
fcnoing  enrbonic,  acetic,  and  oxnlic  ncid«. 

If  ether  he  uktumted  with  hrdrocbloric  acid  and  distilled, 
liydrocliluric  ctber  is  the  product,  and  the  effects  of  hydrohromic 
nd  hTdriodic  acid  are  analogou)),  though  the  hromiilc  and  iodide  of 
ethyl  arft  lesa  easily  produced.  Chlorine  eonvertd  ether  into,  van* 
00*  labttitution  comjMunda  (1018),  ami  produces  aldcbyd,  chloral, 
and  hydroclilorio  ctbcr,  whilst  hydrochloric  acid  U  evolicd  in 
Alnniaucc. 


THEORY   of    KTHCKirlCltlOy. 

PotaMium  and  HxUuin  deoompOK!  ctbcr  slowly,  tiud  11 


(993)  Theory  0/  Etherification, — In  the  pTXKcea  of  prepariii|i 
ether  from  nicohot  by  the  ngi-ncy  of  Bulpkuric  ncid,  it  will  hn 
observed  that  a  sniatl  i]uantity  of  tliis  acid  ronvtrtu  an  indefitiite 
quantity  ofalcoliol  iiiLo  etbrr  snd  water.  The  cxplaiiations  whicb 
have  been  offered  to  Recount  for  tbc  forniatioii  of  ether  by  tbs 
nctiou  of  a«lp!mri<!  arid  are  very  imniemus.  Most  chemists,  bow* 
ever,  now  adciiit  wilU  Liebt;^,  tlitit  the  essential  cliangc  may  bo 
divided  into  two  stages,  the  first  of  which  coosi»ts  in  the  formation 
of  eulpbethylic  acid,  and  the  s<>cond  in  the  decomposition  of  tbti 
acid  into  Aulpburic  acid,  water,  and  etber.  M'hen  frei^h  alcohol  ti 
ided  to  the  mixture,  a  new  quantity  of  sulphrthyhc  acid  is  formed 
Hh  the  ftulphnric  uclt!  lilx^rated  during  the  ])rmiouH  distillatioQ} 
this  Hulphcthylic  acid  in  il«  turn  niiderj^e«  deconipusitiou  idM 
ether,  water,  and  sulphuric  acid,  and  thus  the  same  portion  dt 
sulphurir?  acid  continues  the  etherifirntion  fur  an  indefniite  jiefiod. 
Xhe  folloniiig  ingenious  experiment  by  'WitliHtuwou  goes  In 
towards  proving  the  occurrence  of  this  succeewvc  formation  and 
decomposition  nf  Gtilphcthvlie  acid  during  the  process  of  ctberi* 
flcation,  A  mixture  of  sulphuric  acid  and  amyiic  alcohol  wm 
prepared,  so  as  to  obtain  sulpbaniylic  acid  (H0,C,(,H,jO,SjO^)  (od« 
of  the  homologURs  of  sidphcthylic  aeid) ;  this  mixture  was  placed  in 
a  retort  and  thctk  submitted  to  distillation,  supplying  it  with  ordi* 
nary  alcohol,  as  in  the  continuous  process  of  making  ether  already 
described.  The  di&titlalion  was  coutinucd  until  the  lii]uid  which 
passed  over  contaiue<l  only  ordinary  ether,  without  any  compound 
of  fousci  oU.  On  examining  the  residue  iu  the  retort  it  wai 
found  to  contain  eulphcthylic  acid  only,  the  sulpha  my  He  aciJ 
having  entirely  dissppejired,  a  double  other  (amylcthylic  other, 
CtH^U,C,„H,[0)  being  found  in  the  fintt  portions  of  the  distilled 
Iiqiii<l.  The  Buccewive  stages  of  this  avtJou  may  be  traced  «s 
follows : — 

Bulpbamj'lia  >e1d.      iMaton  alcvboL        Siilpliurk  sold.       ARi;lrtb<rliG  «ll><r< 


fkilpbirriD  «cU1^       god  atom  «l(va1io1.      flulpTtavinJc  udd. 


WhUr. 


W      g  [  0,.8.0,+^'^'}  O.  =  ^'1*\  0,8.0.  +     I    j(V 


Bulpluniiuo  m<4d.     jHalaBi  kleabaL         8ulpliiitir  iid<L 


BtbOT. 


<3)  t^.H,  ]o..sA+'^*^^jo.=  2  |o..8A+J;g;  Jo^ 


tocohy  or  ErnEEiFiCATios. 

Kciw,  s.lnce  two  auccessive   »Ugi»  Iihtc  been  prorcd  to  occur 

the  form&tion  of  thu  double  ether,  aind  since  they  have 

lao  traced  vith  other  double  ellieni,  it  appears  to  be  highljrj 

tliat   simiUr    Ktc]»  attend  the    formutioD  of  comnioill 

her  bv  the  oontioaoua  procesa,  iu  which  it  mn.y  he  supposed  thai 

first   reaction  take^  pltce  bctvecn  one  double  cqiiivtitcnt  of 

liaric  acid  aud  an  equivalent  of  alcohol ;  cue  of  the  atoms 

'  basic  bydrogCD  in  the  acid  exchanging  places  with  the  cthvl  of 

I  ikohol,  thus  forming  one  nCora  of  sulphcthylic  acid   and  a 

ubk)  molecule  of  water,  as  folluira : — 


Wifcwkitii. 


Aloikal. 


EDlplirltrTttoarlit. 


WiUr. 


I 


g  j  OrS,0.  +  ^*^^  j  o,  =  ^^ jj*  ]  o„s.o.  +  g  }  0. ' 

Dt  in  the  second  ft*^  of  the  reaction,  the  ncniy.formcd  sulph- 
rthflic  arid,  and  a  di'w  atora  of  alcohol  undergo  double  dccom- 
position,  the  basic  hydrogen  of  the  alcohol  being  ittihstitiited  for 
the  atom  of  ctliyl  contained  in  the  sidphcthyltc  acid;  a  molecule 
of  ether  being  pnxlucal,  whiht  the  tlonblc  equivalent  of  Diilphuric 
add  i»  B^in  *ct  at  liberty  to  perform  a  simitar  round  vrith  fre^ 
portions  of  alcohol  :^ 

The  principal  difBculty  in  adniittiitg  this  view  arises  from  the 

pmdoxical  circumstancv,  that  the  sulplicthylic  acid  ebouUl  be  pro- 

IJneed  and  deeompoftcd  under  precisely  similar  circumsttanees  of 

IcmpUBture.       ^M  iiscberlicb,   Berzclius,    and    Graham    therefore 

aiauine  tliat  Bulphuric  acid  ha&  the  power  of  producing  a  decom- 

pOfitioa  of  alcohol  into  ether  and  water,  hy  some  uncxplainedi 

actioo,  to  vhich  the  terms  coutact-actioti  and  catalytic  force  havfr* 

lieeu  applied.    (859  €t  se^.)     Mitscbcrlich    even    coa»ider9   the 

brmation  of  aulphcthylic  acid  as  an  accidental  circumstance  not 

aranected  irith  the  formation  of  ether.     The  following  ia  one  of 

the  ciporiincnta  upon  which  he  relics  in  support  of  this  vieff : — 

X  mixture  of  sulphuric  add   and   water  vn*    prepared   of  sueh  a 

rtreiigih  that  it  boiled  at  2(>o°  (sp.  gr.  I's:),  and  the  vapour  of 

Usliog  aloobol  was  transmitted  into  it  whilst  the  acid  was  kept  at 

the  boiling  point.      AfWr  the  alcohol  vapours  bad  been  transmitted 

fix  I  ahort    interval,  ether  nnd  water  began   to  collect  in  the 

rcGdrer,  and  continued  to  do  ho  as  long  as  the  current  of  vapour 

was  li-pi  up,  four-filiba  of  the  alcohol  undergoing  decomposition, 

■bnt  ouc-^ftb  onlypauing  over  unchanged,  and  this  portion  pro* 
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-babljr  escaped  umply  because,  from  tlie  rapidity  of  tbe  on 

InpDur,  it  did  uol  come  complclcly  into  contact  wttfa  fl 

XoH,  it  is  argued  lliat,  frotu  tlie  c%'oIntion  of  lati-itt   ^*^U 

aDCona|>auies  the  condensation  of  vajiour,  tbe  points  ia  wfl 

alcohol  vnpour  were  copdcnscd  by  the  arid  must  have  bfl 

eidcrabty   nbove  290°;  but   ax   sul[>hetlivlic  acid    is   dcoOfl 

below  this  temperature,  it  appv&rs  to  be  imiwKible,  that  1 

tbcfic  circiimatajiccs  any  of  ibis  acid  could  have  been  (brocd 

Babac<]uciitly  decompOMxI.     If  titc  dilution  of  tbe  acid  vcn 

cousidcrablc  (sp.  gr.  i"6i),  and  ouly  sufficitiit  to  reduce  theh 

point  to  32  j*  or  330°,  the  alcolio!  vnpoar  when  tranamitud  \k 

tlic  Ijotliiig  li{]iii<l  un»  convcrtoil  intooWflRnt  ga*  aud  water  ( 

(C,ITjO,!10)  beoomiijg  C^H^+U,Oj;  scarcely  any  etbad 

evolved  during  the  reaction,  and  no  deposit  of  caibon  ofl 

It  vtoiild  be  dilTicDlt  to  resist  the  inference  of  MitscbcrlHfl 

Ta|30ur»  of  the  alcohol  undem-cnt  imtat^iate  dccompo^B 

coutact  uith  the  boihng  acid,  but  it  i»  in)|»rtant  to  obiJ 

Mlii*  is  not  the  case,  ax  is  ut  once  evident  on  repeating  fl 

aexjieriineuta.     It  is  not  until  a  ceiiaiu  cjnaotity  of  aleobol  ■ 

coudenseil  in  the  acid,  that  tite  formation  of  ether,  or  of  I 

gaa,   bcgio«;  consequently  the   niiKturc  is   in  cireuiiiataoa 

•embling  thone  under  which  ctlier  is  liahitimtly  produced.  M 

Oruham  lias  also  made  Knnc  eiperiiueiito  which  thnfl 

Uoubt  npon  the  necessity  of  cbc  successive  formation  audi 

^{■oiitioii   of  sulphctliylic  acid   in   the   preiwratioii  of  etbM 

Cftem.  Soe.,  iii.  24).     In  tbese  experiiocnts,  mixtares  oM 

and  sulphuric  acid,  in  different  proportioua,  were  enclosed  itti 

tubes,  and  subjected  for  an   hour  to  a  tcmpemture  n '"' 

984"  to  352'.     It  waa  foiitui  thnt  when  i  volume  of  ■ 

was  adrlcil  alonly  to  4  volumee  of  alcohol  (sp.  gr.  o  i>4|l 

sealed  up  and  hcntnl,   tbe  liquid  »cpiimU'd  into  tvro  layfl 

Dp^ipr  one  occupied  one^third  of  the  bulk  of  the  whole  liiM 

^s^^s  nearly  pure  ether;  tbe  lover  la\er  contaiiictl   a  ni9 

irater,  alcohol,   and  sulphuric  acid,  but  »cnrccly  any  nJaB 

acid;  the  lower  stratum  of  tbe  liquid  bad  a  sli^^ht  ydlfl 

but  the  iip|>er  layer  was  colourlfwt.     When  If  meaaurca  ofl 

Vcre  mixed  with  1  of  acid,   the  proportion  of  etliev  wbuH 

Was  still  equal  to  uoe-third  of  the  balk  of  the  entire  li4|fl 

the  other  baud,  when   the  formalion  of  snlpbctliytio  fl 

■  fate. .'I    '  '■■  '-'i''""'";^  the  projwrtiwn  of  alcob^d,  tl-  ;  — ^™ 

L^.  'leant.     Tims,  whAo  the  mii'  Cm 

^^kpl  lamnwl  tx  tnice  Ihc  bulk  of  the  ai-id,  the  lii|uidH 

^^^>-^^  invn  colonr  afier  beating,  and  ouly  &-  fitmfl 
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tlaniUug  ;  Ktul  wbeu  equal  volumos  or  ftciil  sQil  alcobol 
bUcltj  opwiiip,  gumro;  liquid  was  furuicd  without  aiiy 
turn  of  cthw. 

ia[  phiisphoric  add,  and  when  bi[iho6pliatc  of  soda 

Ituted   for  «ulpliuric  acid,  uo  ether  »aa  formed  even 

tnixture  iraa  heated  to  360*.     Olilondc  of  sine,  uwler 

cmrunut-iticcs,  [inxluccd  only  trace*  of  ether.     But  when 

bed  liuuljibale  uf  uda  containing  a  slight  excess  of  acid 

.  it  wu  fuund  to  etberiKO  tnice  its  bulk  of  alcohol 

,.  as  free  «ulpburie  acid. 

itill  Diorc  Btrikins  ospcrimcot  waa  made  by  taking  a  portion 
mlinntj  ctlier  mixture,  vi«.,  100  part*  of  oil  of  ritriol,  48  of 
(tp.  ex-  0*841)1  ^^^  '^'5  of  valcr,  placing  it  in  a.  xfiated 
pd  holing  for  aii  hour  to  390°.  Siilpbctliyltc  acid  was 
jMbut  no  ether  w>ut  form<;il.  It  vin*  then  divided  iiito  (wo 
^b  one  of  which  half  itt  bulk  of  alcohol  was  added,  to  the 

KitJi  bnlk  of  water  ;  the  two  were  sealed  up  in  separate 
4iK»in  heated.  No  ether  w»s  formuU  in  the  tube  to 
r  was  atlJcd,  while  iu  tlia  other,  the  formation  of  ether 
ujdcrabtf^.  Ilcnec  ic  appears  that  the  stdphelhylic  acid  in 
tiJar  state  of  dilution  is  resotvc<)  into  alcobul  and  diluted 
ur  acid,  hut  when  mixed  with  nlcohol  it  ik  decomposed  into 
m)  •ulpharic  acid;  and  the  latter  when  liberated  nets  upon 
pnrtion  of  alcuhol  aai]  reproduces  sulphi^thylic  acid 
ohdl,  even  when  mixed  with  xe.rj  small  proportion  nf  sulph- 
add,  wo-t  found  by  Kc;no«o  to  be  etherized  by  prolonged 
nmler  prcssore ;  the  more  ililntcd  the  acid  the  higher  waa 

, 'ire   ami    the  longer   the   time    require<l.      Rcyitoso 

■^_       nie,    lit.  xlriii.  392)   finds  that  the  hydrochloric, 

and  hydriodic  acids  acc  Himilarly  when  heated  for 

^rs  tft  460^  in  seaUxl  tubcit  with  an  exresa  of  alcohol. 

«alts  arc  also  capable  of  ctherifying  nicohol,  if  heated 

it    under    preisure.       Ileynoso   states,  that    the 

"■-cd  ncutril  snlphato,  isomorphoiut  with  sidphato 

:i  flealc»l  up  v'ith  alcohol  in  tubes  and  hcnted  to 

partial  etberification  of  the  alcohol :  whilst  the 

-Ires,  with  the  exception    of  tho!>c  of  nickel  and 

■   no  change  beyond  the  loss  of  their  water  of 

Tersulpliatc  of  alumina  ethcriKes  aleobol  between 

with  but  liitlc  formation  of  basic  btUpbatc  of  the 

ridiout  any  liWTation  of  gnji ;  when  alum  is  used  the 

iuiiUr,  but  tlic  alcobol  is  ethcrilicd  at  a  lower  tempe- 

3tli  iodide  and  bromide  of  cadmium,  and  the  cldortdc^ 
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of  cobalt,  cadiQtum,  manganese,  and  copper,  nodcr  Bimiltf 
sUuoes  elTeet  die  etlierificstion  of  olcoliol,  but  tinilcTgo  so 
tlicmKclvc*.  "VVilh  protoohloridoK  of  tin  nntl  of  popprr,  thf 
tion  of  ether  is  Mifliciciit  to  furnish  a  considerable  atmtuiD  i 
but  A  certain  unouiit  of  iK^miAnciit  gas  is  al»o  formed.  ( 
of  nirrcur^  bl&ckens  the  Alcohol,  ctlipr  is  fonnei),  nnd  m 
is  liberated.  Chlorides  of  zinc  and  nrotnonium  effect  a 
change ;  the  chlorides  of  nlumiiium,  Hiittmotiy,  and  percbli 
iron  yield  a  mixture  of  ctbor  and  hydrochloric  ether. 

Chloride  of  ethyl,  aa  well  na  bromide  and  iodide  of  dhv 
lieated  with  an  excite  of  alcohol  in  sealed  tubes  to  39c 
Itonm,  converts  the  alcohol  into  a  mixture  of  cthtT  an^ 
whilst  hydrochloric,  hydrobromic,  or  bydriolic  acid  i»  lil 
Probably  the  acliou,  u  IWynoso  euggosts,  coousta  in  llic  su 
forniiitton  of  hvdrochlonc,  hvdrobromio,  or  bydriodic  nod, 
conversion  of  the  acid  into  chloride,  bromido,  or  io«liile  1 
with  liberation  of  water,  in  whicb  ca»c  the  reaction  witb 
of  ethyl  might  be  represented  aa  fullows : — 


and  sgain  >- 


11  5"'^    Brj-C,HJ   '    M 
aj"«+   BrJ   -      K,r»^   Br  J 


The  liydrobrotnic  ether  thus  formed  going  throngb  the 
of  changirs  witb  sucrcssivc  pot-Lions  of  alcohol. 

It  is  obviouit  that  the  metallic  chloride  act  in  some 
OB  jct  unexplained,  upon  the  alcohol,  in  consequence  of  wl 
latter  becomca  more  or  less  complctety  resolved  into  ct 
water.  Thra  eflVct  eaniiot  be  prodnrtd  by  the  action 
alone;  and  it  mnst  be  admitted,  that  the  tbeoryof  etha 
is  still  incomplete,  notwitiutanding  the  immcruus  resd 
which  it  baa  been  the  subject. 

The  oxygen  in  ordinary  ether  may  he  dia|ilnced  by  otb( 
analogous  to  it,  sucb  as  sulphur,  aeleiiiuoa,  and  telluiiiin, 
as  by  chlorine,  bromine,  and  iodine.  The  componDdathtt! 
are  sontctimca  dcitcrilxiJ  mulvr  the  uamcK  uf  bydruaulp 
chloric,  hydrobromic,  and  Iiydriodic  etbers. 

(994)  The  followiug  tabic  e\hibila  the  COM 
principal  oompoiiml  rlhylic  vtlicra.      It  wouil.  .  1 
to  euamoratc  tlicm  all,  since  every  acid  forms  at  I 
and  sonie,  Aui;b  as  the  silicic  and  boracii*,  T: 
(tbc  densities  t.iwiiii.'hau  asterisk  is  aftuusl  u.:.  . 
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(6)  Hydracid  Ethylic  Ethers. 

vdroehlorie  Ether ;  or  Chloride  of  Ethtfl  (C.HjCl) : 

Kr  3'2i9;  oflu/ttidut  32',  o-gii ;  Boiling pt.  ,5i°g 

jund    ii>   obtained  easily  eittier  by  salurntiiig^  nkxibol 

■ilurie  acid  gas,  and  tKcu  dUtilting  nt  a  gentle  beat,  or 

d^  a  mUtare  of  3  parts  or  oil  of  vitriol,  2  of  alcoliol,  and 

i  cUorido  of  JKKlium  ;  the  retort   U  In  citlicr  case  eoji- 

tfa  a  tubulated  receiver  surroiuidcd  by  vi&\tt  at  a  tem- 

kf  about  70°,  where  most  of  tlic  alcohnl  and  natcr  vtiich 

during    tbc   0)ieration  are   «oiideii»c<l,  wliile  tlte  etlier 

the    fonu  of  vapour  through  a  bciit  tube  wbich  is  in- 

llic  lubulupe  of  tlic  receiver,  nnd  passes  to  the  bottom 

It  coal  TTitb  ice.     Tbc  liquid  wbich  is  coudcnsed  in 

bo  rectified  from  cliloridc  of  cttlcium  : — ■ 

i'M*^-'  CblortdttilijU 
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Anotlier  mode  in  wliicit  it  in»y  be  fonncd  oonsiBta  in  licaw 
anhydrous  ether  with  tcrcliloride  of  phosphorus  to  38c*  iul 
8C&Icd  tul}c,  chlr)n(lc  of  ethyl  and  phosphorous  acid  bciag  forma 
^  moleculcit  of  eUier  reacting  upon  2  of  the  tcrcliloride ; —         I 

Chloride  of  cth;pl  ia  also  formed  by  the  action  of  other  chloriill 
sucb  as  chloride  of  sulphur,  Antimony,  tiu,  or  ztnc>  u{h>u  alcoln 
Chloride  of  ethyl  is  a  colourless  Uqitid,  of  &  |)ciictrstiug,  ethetca 
aiid  dotiiowhat  nlliftccoua  oilour.  It  is  sliglitly  soIuIjIu  in  vntfl 
and  burns  uith  a  brilliant  flame  ed^ed  with  grecu,  emitting  tasm 
of  hydrochloric  acid.  If  posited  through  rcd-hot  tubes,  it  is  d 
eompoaed  into  ecjaal  mcn»uifa  of  hydrochloric  acid  luid  oldifl 
gas  J  C^tIiCI=C,H^+HCl.  It  is  spariiif,'ly  soluble  in  water,  !■ 
is  freely  dissolved  by  alcohol.  Thrsc  »oliitioim  give  no  prerapita 
with  iiitrutc  of  Milvcr.  If  an  alcoholic  i^ulutiuii  of  potii«h  be  4 
closed  in  a  sealed  tube  with  liydrochluric  etiier  and  healed  I 
212*,  chloride  uf  pota^Mum  and  ordiuary  ether  nrc  foniMfl 
a  C^H,CI+  2  (KO.IIO)  =  (C,HiO)3+  2  KCI+H,0,  (Bolarl 
but  if  the  vnpour  of  t)ic  ether  be  paacA  over  belted  bydnitel 
potash,  wattT  and  pure  ulcfinnt  gas  aic  n'olved ;  C^HjCll 
K0,llO  =  C.U,  +  Il,Oj  +  KCl.  J 

(996)  ilytirohromic  Ether,  or  Bromide  <^f  Elfiyl  {C,II^Br) :  9 
^fir.  oflifjuid  i'4733  **  32*;  of  vapour -^-y  ^4;  Boiling  fit.  \c^-^A 

'^thie  couipuuudiij  Usually  prepared  by  adding,  bydcgrcts,  12  l>arta| 
Iiromiucto  40  partsof  alcohol  {«p.gr.o'8s;)und  i  part  of  phosphors 
coiitsined  ill  a  retort  ■wliidi  muht  bo  kepi  cool  by  immersing  it  fra 
time  to  lime  iu  cold  water ;  the  reaction  of  biomiuc  and  phospborl 
upon  each  otbcr  iu  the  prcacoce  of  the  water  contained  in  the  alcoM 
produces  hydrobi-omic  ether  and  pbosphethylic  acid;  nud  oa  sal 
jectiugthe  mixture  to  dislillatioD,  hydrobromic  ether  comes  ovg 
It  may  bo  pitrilicd  by  agitation  with  a  weak  solution  of  potaUi,  aflj 
which  it  is  left  to  siibsidi; ;  it  is  then  decanted,  digested  on  cbloiU 
of  calcium,  and  redistilled.  1 

Bromide  of  ethyl  is  a  colourless  liquid  of  a  peculiar  ctliertj 
odour  and  to^te.  It  boilit  at  105°'8,  though  it  rdjuirea  to  1 
heated  to  120*^  before  ebullition  commcticcs.  It  remains  liquid] 
— 34^.  It  burns  with  difficulty,  producing  a  groen  flame  U 
emitting  fume*  of  hydrobromic  acid.  1 

(997)  llydrioilic  Etlurr.oT  Todide  of  Eihfjl  [C^M^V):  ^.grA 
liquid tt iZ°,l-^j 55}  of  vapow  5-47 s;BoHittffpt.  i5«*5.— luonj 
tv  prepare  this  ether,  lOO  jMits  of  alcohol  are  placed  in  a  retdJ 
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^HU  amooni  of  toc^iiic  is  inlroilacci) ;   ptio^phorus  U  aJded 

^P^uautitit'a  at  ft  tiinc  uutil  the  liquid  lji:ouni<»  culourlcss  ; 

ll  poitxm  of  ifidiiie  is  then  added,  ami  then  a  fVeeh  quantity 

Vipkoma;   tUifi  muy  be   coittinut-rl   until  nlmut  aoo  ports  of 

inil   3  or  5  pnrU  of  phosphorus  Kav(!  been  added.     Tbo 

N)  tliuK  obtaiucd  miist  be  cooled  b}*  immersing  tbe  bulb  of 

ton  after  each  additiou  in  cold  water,  otherwise  a  largo  pro- 

fof  the  phoxphorus  will  become  converted  into  the  red 

ich  u  not  Husfeptibie  of  bein;^  attacked  by  iodioe  nt  low 

After  the    mction    has  terminated    tlic    liquid  is 

fc^  U)C  heat  of  a  water-bath,  taking  care  that  the  iodine 

by  its  brown  colour)  is  in  »light  excess.     The  distillate 

washed  with  water,  digested  on  chloride  of  cnlciunt,  and 

Tbc  reaction  which  oocura  duriag  this  operation  may 

rrprewntcd: — 

letUAe  »nijl.  Pliiniilirllijlip  ipiil. 

r+P,+5r.-ioC^+4HA+2(iH0.C.HAP0J^ 

flada  it  advaatagcous  to  place  tbe  alcohol  aiid  plios- 

tbe  retort,  and  to  diswdvu  llie  iodine  in  iodide  of  utLyl ; 

is  allowed  to  flow  gradnally  into  the  retort  during  the 

a,  ant]  the  operation  is  thn»  rendered  coutinuouB. 

of  ethyl  i«  «  €»!uLirIc*»  li<juid,  which,  if  kept  in  balf- 

I,  »oao  undergoes  a  pnrtia}  decompDHitinn,  and  becomes 

the  It)>cratiou  of  iodine,     ^^hcn  heated  with  wiUlt  to 

iL  scaled    tube,   it  becomes  deeomposcd    into   ordinary 

hrdriodic  acid  (Frankland) ;  acconling  to  Hofmanii.  if 

Iter  and  nside  of  silver,  alcohol  uimI  iodide  of  Kilver 


I  C,HJ  +  Ag^O,  +  I!,0,  =  2  Cjl!,0,  +  a  Agl ; 

fiada  tliut  when  the  anhydrous  iodide  is  bcatcd  iu  a 
with    ustilv   of  ailvcr,  iodide  of  silver,   and  ordiuiiry 
Rued  with  fucility* — 

a  CC.H,I)  +  Ag,0,-(C.H.O),  +  -I  AgT. 

lixture  of  cqui'.'alent  quantities  uf  iodide  of  metbyl  and 
btJ  treated  with  oxide  of  ailver,  methyl-*ihyl  ether 

tbe  bromidtf  and  the  iodide  of  ethyl  have  been  extcn. 

Bployed   for    tli«  prepnration  uf  suUtitiition-conipouuds 

cliiyli  and  it  was  by  docompusing  iodide  of  ethyl  in  a 

by  means  of  xiiic,  tliat  Franklaud  succeeded  iu  iaoluting 

1,  kDoWD  OS  ethyt 
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P        (99B)  SuLPHiDKS  OP  Ethyl. — ^Alcofaal  fumiahea  not 
three  rcmurkablc  compounds  vtiich  oonlain  stilphor.     Out 
(C^I[jS)j  corre«|)on(U  in  con){)0!iitiou   to   tlie   oxiile,  or 
etlier ;  tlic  second  is  llic  Inmiykitie  o/WAy/  (C.UiS,), — QO 
rcprescotativc  of  tliis  body  is  knotrn ;  and  the  tbird  is  m 
(C,1I^3,IIS),  a  compound    vlilch     corrcspuiul)!    wkh    i 
"Wbicli  the  oxygon  is  displaced  by  sulpbur.     ;\Jl  these 
difttiLigimb(.-d  by  a  di»gaatuig  alUaceoiu  odour  which  is 
Jtowerful  and  pct>i»lciit, 
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h 
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ifydroMiphuric  Ether,  or  Suiphlde  of  Ethyl  (C^H^S),J 
(p//ivuirfo'825;  of  vapour  yi;  Iioiiingpt.\6i'''^~^'T\\i%cnt 
is  caeiljr  prcfiarcd  bjr  decomposing  an  alcoholic  aolulinu  1 
to«ulpbidc  of  poUasium  (4'^9],  by  tran»mitt>ug  into  it  the] 
of  chloride  of  ctbyl,  andfluhmilttug  it  to  distil latioii :  the  1 
liquid  is  to  be  well  washed  with  water  and  rcctilicd  from 
of  calcium.      It  is  a  oolourlfK»  Hi^uid  with  an  intensely 
odour  of  garlic.     It  forme  crystalltne  compounds  with 
the  metallic  chlorides;    its  eompoand  with  corroaire 
ootitii>iD»(C,lIjS,HgCl). 

R'uuiphide  of  elhyt  [{C,!I(,Sj), :  Sp.  gt.  of  rapOMT 4"a7  J 
pt.  303"'!$]  is  obuiiicd  by  distilling  3  p&rts  of  lulpbcth] 
potaah  dissolved  in  its  own  weight  of  water  with  2  ports 
sulphide  of  potoMium.     The  alcoholic  solution  of  litis 
givra  a  ydlow  precipitate  xitli  acetate  of  lead,  and  «  1 
corrosive  aubUmate.     Then;  appears  to  be  f;rouud  fur 
that  higher  sulphides  of  ethyl  may  be  obtained. 

Mercapian  (C.UiS.HS) :  Sp.gr.  of  /»/«irf   0-835; 
a'i4 ;    Boiling  pt.    97". — ^This   compound    may  be    obt 
dtMiHin);  a   mixture  of  e<{ual    parts   of   an    ac^ueous 
euliihethylRtc  of    Uinc,   of  *p.  gr.   V2S,  and  of    a 

I    ]wtuh  of  the  same  density,  previously  saturated   by  euli 

I   hrdrogeut— 

^^Tbctter  plan,  according  to  Regnault,  is  ta  saturate  a 
Bolutiou  of  twtaab   completely  with   sulphuretted    hydt 
then  lo  distil  it  with  hydroclitorie  ellicr.     Mcreaptaji  is 
leas,  tratispiircut,  icry  mobile  liquid,  with   t  must    Liti 
rcptdnve  odour  uf  garlic;  it  t*  very  inflaaimahlc,  and  bu 
ibloo  SamB.     It  ia  Hparingly  soIhWc  in  water,  bat  "" 
fnxly  by  akoliol  and  by  ctlicr.     Tbc  solution  ii  ttcai 
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fpm,  Imt  mercaptau  nn'erlheless  presents  tbe  characters  of  a 
obte  add.  It  diusokcs  sulphur,  ptiwpbonu,  stid  iodiue  iritb 
Jitj-.  Merca{>tiiii  become*  solkl  at  — S**.  Ifa  glow  rod  be  mois* 
tcn«d  «itb  tbifi  cunipoimd  and  moved  quickly  Ibrougb  the  sir,  tlie 
cold  produced  by  tbc  crnporatioii  is  sufTiricnt  to  freeaie  it  portion 
of  the  remainder.  Mvnrnptiiii  fornix  with  tlic  metals  cDiupounds 
«bieh  correspond  to  the  double  EulphidiB  of  tbu  metals  with  hydro- 
fm,  but  they  contaiii  ethyl  instead  of  hydrogen,  as  may  be  sccu 
I7  comjfariiig  their  respective  forniulic :  —  1 

Mercapttde  of  potiut^itini  »  obtained  by  acting  on  pure  mcrcap> 

with  potassium,  hydrogcu  spa  being  IJIteratvd  :  but  it  h  more 

ocularly  on  the  oxides  of  the  nuhii;  mctnls  that  tbe  action  of 

ptao    is    reiDArknble.       Ilie    iinme    mercaptau    {iwrcnrium 

^liKM)  is  derived  from  the  energy  with  which  the  body  unites 

ostde  of  mercury.     The  mercaptidc  of  mercury  (C,HjS,IIgS) 

white  cryntallinc  compound,  destitute  of  odour,  and  fiuiiblc  at 

tHy^.     It  is  uisohihle  in  water,  but  soluble  in  aleohot :  it  is  easily 

tituucd  by  digesliug  oxide  of  mercury  iu  an  alcoholic  solution  of 

OCTcapUu,  water  being   formed,  whilst   the  odour   of  mercaptau 

ii*»I>pC»n : —  I 

a  (C.ll3S,HS)  +  HgA  =  2  (C.irS,HgS)  +H,0,, 

correspoitdiug   compound   of  gold  is  white  and  gelatinous ; 

It  of  pbtiunm  is  bright  yellow,  and  that  of  lead  (C,H,S,PbS) 

I  jcUow  and  LTyslallinc. 

(999)  Selenium  and  tclluriumeachform  compounds  with  ethyl, 
^e)fTwiM>nding  to  the  sulphide  of  ethyl ;  they  may  be  obtained 

It  distiUiug  seleuide  or  tcllnride  of  potawiuni  with  Hulphctliylatc 
sh.  It  is,  however,  to  bo  remarked  that  Ijolh  the  sele- 
laiid  the  tcHuride  of  ctbjl  combine  with  chlorine',  bruniinc, 
fViA  toiline ;  and  they  t)L-cu[nc  osidixcd,  and  form  salts  with  the 
mvacids  just  as  though  ibcy  were  metallic  bodies.  In  fact, 
liicT  prcaciit  many  chemical  aiiiilo^ie»  nith  the  compound*  which 
vxcic,  antimony,  bismuth,  and  other  metals  form   with  ethyl 

A  compnmid  of  Mlenide  of  ethyl  and  seleninrcttcd  hydrogen 
lC,M(8e,HSc).  corresponding  iu  composition  aud  properties  to 
■uoipUn,  is  formed  dtihug  the  operation  of  preparing  the  sclc- 
tiie  of  ethrl. 

* 

(1000)  Cyanide  of  Ethyl,  Ht/droct/anic  Ether,  or  PropionHriie 
^jafij=C^tti)  i  Sp.  ST.  of  Uquui  0787;  of  vapour   lyaS; 
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BoUingpt.  190*^4. — This  compoimd  »  olrtaiticd  ui  a 
Mtalocous  to  timt  directed  fur  Uie  prcimratiou  of  tbc 
bodies^  lit.,  bj  the  dUtiUation  of  wclt-dnrd  Bulpt 
potash  with  two  thirds  of  iu  veiglit  of  cyuiidi'  of  pot 
still  better  mclbod  cnnsists  in  heating  a  sulutiun  of  a 
iodide  of  ethvl  in  8  of  alcohol  vitb  1  part  of  cyanide  of  pob 
Coodcu^og  the  Tipoun,  and  nllnwing  them  to  fJoll  back 
retort  as  long  as  tbcr  show  auy  si^  of  iodine  The 
trs^bn)  Willi  wster  imA  rectified  by  the  heat  of  the  «at( 
It  i&  a  cok>arl«u.  very  poiMtnoiis  liquid,  of  an  al1iacooai> 
Mlun  cjanido  of  ethyl  is  treated  with  a  boiliog  sol  tition  of  j 
tb«  deoKsIs  of  water  are  aMiuailated,  amoaoiua  ia  erotr 
propionate  of  potsth  U  furmed  : — 

Cym^at^itL  PlofiMitaorpMadL 

C^H^^N  +  KO4IO+ H  A = IiO.C,H,0,+ H,N. 

A  aimihu'  node  of  decomposition  is  ot><er>'«l  to  occur 
tlM  hyilrocntnic  ethers  when  treated  with  hydrate  of 
^bicj  all  cookutc  with  the  derocuta  of  water  and  yield  oaej 
scids  botuokigotu  with  fbrmie  add ;  cyanide  of  methyl  th' 
aepiate  of  potasli  ?— 

and  cyauide  of  am;^!  in  tike  tDaaner  fonushca  cnproatc  of 

cvC.cp< + KO,iio+ n,o,= Koicj^u^, + ] 

This  mrUiod  of  fenaiDg  the  higher  terns  of  ibc  homol 
ftom  those  below  them  U  ooe  of  ooonderahlc  intercMt. 
The  byiirocyinic  etfacra  (the  nitrites  of  some  ch< 
phna.  may  abo  be  obtnioed  by  a  process  of  ddi,  ' 
mMs  to  which  tbry  correapond  ;  that  vt  to  i>ay,  ■ 
aalts  of  the  acids  hooicJo^ooft  with  the  formic,  bo  d 
anhydroaa  phosphoric  add.  or  be  otherwise  treated  iu  !>a( 
as  to  deprtTe  tk«m  of  4  («i»valeDto  of  water,  they  yield 
hjdrocyantc  rthera  (1165,  1176).  thw:— 
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rod  in  this  manner  thi*  hydrocrnnic  ethers  of  Mveral  series  of 
JwlioU  hnvc  bccu  oirtained,  although  tlie  corrc»i>oii<liu^  alcohols 
irc  at  present  onknotrn. 

The  action  of  pota-winm  npon  hytlrocyanic  ether  is  remarkiible. 
the  Fthcr  be  allowed  to  foil  drop  by  drop  upou  potassium  coii- 
tl  in  a  Ha*li  fitted  to  a  Tcrtical  condenser,  by  means  uf  which 
It  part  of  the  ether  which  esonpea  decom position  is  alluned  to  fall 
k  upon  tbo  potiusium,  hydride  of  ethyl  (C,H^,H]  is  foruicd, 
nhtUt  cynnide  of  potassium  is  produced,  and  an  alkaline  htisc 
toned  tyanethme  (^^HjiN,)  remains  in  the  flnvk  (Fraokland 
mA  Kolbe).  Thin  hwsc  is  polymeric  with  hydrocyanic  ether, 
II  nyii>tallixeM  from  boilin}^  water  in  pearly  scales,  and  fonrnt  ealts 
with  the  acid*.  Tlie  nitrate  (C',^H,iXj,HO,NOj)  crystallizes  in 
Ur^  coloiirlcas  prisms  which  are  neutral  in  their  reactions. 

Tbr  hvdrocynnic  ethers  of  the  other  alcohoU  when  treated  with 
|«taMiuiu  appear  to  furnish  compounds  homologous  with  cygui- 
rthioe. 

(c)  Ethylic  EiJurt  of  the  Oxyaeid*. 

(looi)  Sulphate  0/  Etkyi,  or  true  Sulphuric  Ether  (j  C.HjO, 

Spj  :  Sp.  yr.  of  liquid  i"iio. — ^This  compound  was  first  oblainc<l 

Ijr  WellieritI,  by  the  direct  combination  of  cihcr  with  aulplmrio 

Kihydrido.     The  vapours  of  the  anhydride  are  transmitted  into  a 

flak  oantiuDiuj;  ether,  which  is  kept  cool  by   ice;  the  syrupy 

yoA  thoa  prodiiceti  ia  agitated   with  its  own  volnme   of  ether, 

with  four  time*  its  bulk  of    water;    when  left  at  rest    the 

jmlpfaftte  of  ethyl  rlw8  to  the  surface;  it  is  purilied  by  agitation 

liilJi  milk   of  lime,  wrashcd,  filtered,   and   dried  in  vavuo.      Sul- 

j|kinc  ether  is  an  oily  liquid,  of  burning  taitc  and    etbcrenl 

[■door,  resembling  that  of  peppermint.     It  is  Dcorncly  possible 

di«ttl   it   witlioat  occasioning  it^   decomposition,  as  a  teinpcni- 

of  370"  or  390'°  resolves  it  into  alcohol,  nilphurous  acid,  and 

Svwt  or  heavy  oil  of  i^rnp  appears  to  he  a  mixture  of  the  fore- 

if[  eomponnd  with  some  hydrocarbons  polymeric  with  olefiant 

it  ia  obtained  during  the  later  stnges  of  the  distiHation  of 

,     If  this  oil    be  treated   with   a   solution    of  potash,   it   is 

9po»ed  ;  aulphetbykte  of  potash,  and  a  hydrocarbon,  termed 

(C^H„?}  rises  to  the  surface.     Tliis  hydroearlton,  known 

I  light  oil  of  vnne,  U  jKilynieric  with  olc6ant  gu»,  and  forma 

irlcM  liquid  which  has  a  sp.  gr.  of  O'l^i?  ;  it  lioil;!  at  536", 

readily  «ohible  in  ether  and  in  abwhite  alcohol.     When  ex- 

to  a  temperature  of  —  30°,  it  itsuallv  deposits  Bcnntrniispnrevit , 
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frittWc,  colourless  prisms  uf  an  isomeric  Iiydrocarboii  named  #M«i(ij' 
tUcsc  fuse  at  ajo",  ami  boil  ut  ^ccT;  they  arc  lighter  than  wakr, 
ill  whicb  they  mo  iiisul uU^,  but  ate  ilmolved  frt-cly  1)}-  alcohol  ul 
by  ether. 

(1003)  Nilric  Ether  (CJIjO.NOj) :  Sp.  yr.  <(f  liquid  vtM 
BoUing  pt.  i^^. — MiUon  ohtiiiiiK  thts 6ub»taiicc  l>y  gently  hcai^| 
u  mixture  of  i  volume  of  tiitric  acid,  of  sp.  gr.  i  '40  (to  whii^l 
few  grains  of  iiitiiLtc  of  urea  liave  been  aildcd  in  order  to  pRi^| 
the  formation  of  nitrous  iicid],  ntid  1  vulumus  of  alcohol,  of  sp.^| 
0*843  ;  the  iiiiantity  of  the  mixture!  operated  011  should  not  eil^| 
a  ([uartcr  of  n  jiiiit ;  under  these  circumstances  the  opcntUoD  ^H 
C<xA»  c]u!ctly.  Tho  lirst  portions  of  the  distillate  contain  1^| 
except  alcohol,  hut  ils  soon  as  thcltquid  which  distils  over  beeo^| 
turbid  on  the  udilitioii  of  water,  the  receiver  must  he  cliuiiged,>^| 
the  nitric  ether  collected  separately  :  the  distillatioD  mu&t  he  stop^| 
wlieti  about  (hrtw  fourths  of  the  liquid  have  pasxerl  over,  in  O^H 
to  pment  the  ether  from  bccomiii^  mixed  with  ftiM:oiidu-y  prodi^| 
which  cauuot  be  removed  without  diBicuUy.  The  ether  is  pui^H 
by  n;(itatiou  with  a  irenk  solution  of  alkali,  and  rcctilicd  V^^ 
chloride  of  calcium.  Nitric  ellier  is  a  colourk&a  liquid  oFlB 
agreeable  odour,  aud  a  taste  at  first  very  sweet,  but  followed  by  x 
bitterish  nfler-t&fte.  Its  vapour  burriit  uilli  a  white  luminool 
flame,  and  if  heated  to  a  little  beyond  its  ttoiting  poiot,  it 
deuompu»ed  nith  e\pLo8iuu,  on  the  approach  of  a  light. 

SUroua  Elher  (C.II^O.NO,) :  Sp.  gr.  of  liquid  0-9+7  ;  4( 
vapour  3-^27  ;  Boiling  pt.  61*. — The  Spiyitun  Ethn-in  Xih'oti 
the  Loiidun  L'liarniacopceia  cousisls  of  a  sulutiou  of  this  ctbcr  il 
alcohol  J  it  has  long  been  used  as  a  therapeutic  agent.  Tlic  uEesE 
method  of  preparing  the  pure  ether  consists  in  introdacin<*  into 
retort  contaiuiiig  copper  liliu<ts,  i  measure uf  alcohiri  (sp.  gr.o*8^ 
to  whieh  1  toeasure  of  nitric  acid  of  sp,  gr.  i-^6  is  gradually 
added.  The  reaction  of  nitric  acid  upon  alcohol  begins  at  a  vcty 
moderate  heat,  and  is  apt  to  become  extremely  Tiulent,  tlirrcfiBV 
uooxterual  heat  should  be  applied  during  the  distiUatioo,  aiWrlbo 
reaction  has  once  eoiniueueed.  The  vs)>ours  which  arc  cvolrej 
sliouM  he  transmitted  tUruugb  a  wusbiug  bottle  containing  water, 
then  through  a  loug  bcut  tube  tilled  with  chloride  of  caleiom, 
finally  should  be  condensed  in  n  ft«.«k  cooled  by  ice.  Nilruui 
ether  is  of  a  pale  yellow  catuur ;  it  huA  an  agreeable  wlour  oC 
apfdcB.  When  thia  ether  is  kept  io  contact  with  water,  it  spccdi^ 
becomes  decomposed,  and  an  acid  is  formed  «hicb  was  formerlf 
supposed  to  be  ihe  uinlic.  Delnis  has,  however,  shown  that  the 
result  is  a  cuinjilicatcd  otic,  uitric,  foruiic,  acctt(^  oxalic,  glyooUlv 
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il   glyoxnlic  acid    (3  IIO,C,H,Og)  being  formed,  whilsl  glyo\nl 

'^H.OJ,  tbu  nlilchyd  of  glycol,  is  liberated,  togcUier  witli  other 

^McliTcIi).       {PAii.    .\faff.  Nov.  185^.)       A  Kulntioii  of  the  protoaul* 

pbalc  of  iron  becomes  blackciiod  when  mixed  with  nitrous  ether. 

Nitrous,    cllier   is    dtromposcd    by  transmittiiig    its  vapour 

yigli    a   red-hot   iul)c,  giving  rise   to   it   va,ricty   of   products, 

jng    which    are    hydrocyanate    and    carbonate  of  ammonia, 

rired  from  the  rciictions  of  the  iiitrogcii  u^^oii  the  carbon  and 

jdrogen. 

(T053)  Perchloric  Ether  (C.H^O.CIO.).— Tlii*  singular  com- 
ind  cannot  be  prepared  without  couBidcrable  daufrLT.  since  it 
iptodeM  with  cxtraonliunry  violence  wlicn  licatcd  to  n  little  beyond 
Itl';  a  aimilar  result  is  prodiiecd  by  frii^tion  or  by  a  sudilen 
iUow,  and  sometimes  it  eitpjodes  by  merely  lifting  the  vessel  which 
[Rntftin?  it,  ur  even  without  any  assignable  eausc.  In  order  to 
in  it,  a  few  grains  of  cr^-xtiUlixcd  suljilii^thylHttt  of  baryta  arc 
in  a  tube  retort  vitli  an  equal  weight  of  pet'ehlornte  of 
fta,  and  arc  cautiously  distilled  by  the  heat  of  an  oil  bath, 
[vldch  must  not  be  altoued  to  exceed  ^■^o''.  The  eth<:r  U  heavier 
[tlan  water,  and  has  a  sweetish  pungcut  ta§tc,8onicwbal  rcwmbling 
[Utat  of  cinnamon,  Its  Iwiliiig  point  is  not  known  with  accuracy, 
it  is  al>ovo  II  :°.  The  explosive  oharaetcr  of  the  compound 
ids  upon  the  large  pfO|)ortion  of  oxygon  which  it  contains  in 
rsnioa  with  chlorine,  for  which  the  alRnity  of  oxygen  is  very  small, 
rbiUt  hydrojgun  has  a  powerful  aflinity  for  both  chlorine  and 
I  oiTgco ;  tho  otyg^  ia  suBicicnt  to  convert  thr;  carbon  into  the 
[farm  of  carbonic  oxide,  bikI  the  hydrogen  into  water;  C^IJjO, 
[aO.=  2  C,Oj  +  a  "aOj  T  IICl. 

(1004)  Silicic  Etiikrs. — Few  of  the  ethers  ore  more  i'emark> 
l^le  ihaii  those  obtained  by  l^behuen  ntth  silicic  acid.  In  the^e 
[toapoaads  the  polybasic  character  of  the  acid  is  prcscn-cd. 

Diiatu  SiJicate  of  Elhjl  (:  C,H.O,SiO„)„ :   Sp.  gr.  0/  liquid 

•"935  J  ofvajiour  7'32.— When  abiuiliite  alcohol  i« gradually  mldcd 

idiloride  of  silicon,  a  powciful   reaction  occurs;  hydroehluric 

rid  B  evolved   in  abundance,  and  a  colomleAs  liquid  is  obtained, 

[finch  when  submitted  to  distillation,  at  first  evolve*  hydrochlorii 

iDd,  but    the  boiling  point  rises  rapidly  until   it  reaches  330°, 

tUch  temperature  pure  dthasic  silicate  of  ethyl  distils  over.      It 

«  JimpiJ   liquid,  ofaplcasaut  ctlertiil  odour,  and  a  hut  tasitc 

lUiof  that  of  pepper.     It  is  combn^tiblc,  and   burns  with  a 

oT  daxsliiig    nhitnnetitt,  depositing  pulverulent  silica      The 

(ovpcnitioii  of  this  body  ia  remarkable,  4  volumes  of  vftjiour  being 

pndticcd  from  tlie  compound,  C|(Hj<,SijOf, ;  farounng  the  Jijpo- 
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tliesia  of  tlic  tetratoinic  character  of  slliocm,  villi  an  atomic  vctg| 
!)»is£3g  (q32).  This  ether  is  not  miecible  with  water,  but  is  M 
compoacd  hy  it  with  the  ttcparation  of  gclatiiious  hydrate  uf  silifl 
If  lliift  decompoeitiou  be  alloHccI  to  take  |)tacc  dou'ly,  b^  plicia 
an  inipcrfvcti;  closed  vessel  contftiniDg  the  other  in  a  muist  otaai 
sphere,  the  silica  is  gradually  deposited  in  the  form  of  a  had 
trampaieut  solid,  rc&euiblingquartx  iu  appearance.  J 

Silicic  Bther  (CjH,0,SiOj). — A  accoud  ether,  conttuoing  ond 
Iiatf  the  quantity  of  oxide  of  etiiyl  that  iit  prejient  iu  Ibe  foffl 
eoiiig  couipouml,  Diny  lie  jirocured  by  uctiiig  upuu  alcohol  vf  el 
gr.  o'SjIi,  with  chloride  of  silicon,  and  distilling;  the  difaafl 
hilictite  is  farmed  at  the  HEtmc  time,  tutd  tlio  first  portioos  I 
the  ilistillittc  cuusiKt  entirely  of  this  coiniiouiid ;  Imt  by  ilej;i« 
the  boiling  point  btrcomc!!  higher,  mid  when  it  reaches  66o%l]| 
pure  ruono$ilicntc  pa«*c8  over.  The  dib&sic  »iliciitc  of  ethyl  is  fl 
fact  truiiaforuiL-d  iuto  the  raonobasic  silicate  by  the  acliou  fl 
the  water  present  in  the  dilute  alcohol;  water  occasioning  tfl 
decompottition  of  the  dibasic  silicate  iuto  tlic  moiiosilicate,  irhil 
alcohol  is  set  free :—  I 

DlbaMc*lllo*l*ar«lli]L  lI(inniiI<cw*ur*tliTl.  AlmtoL  I 

(a'c^O,¥iOJ.  +  HA=a  (C^O^SiO^  +  a  (C^O,^).  | 

Kr-inuni  water  be  aildcd,  a  viscous  compound  is  obtained,  vhidl 
accenting  to  Khclmcn,  contains  a  third  ether,  witli  twice  as  moi 
silicic  acid  as  the  fui'egoiii^  one.  I 

Triba^c  Soracic  Ether  {3  C.II.O.IJO,):  Sp.ifr,  qf  liquid  o'SsJ 
ofvofour  j'ji  ;  UoUiiijf  pt.  246°. — This  elhcr  \*  obtuiiicd  by  n 
action  of  terfhloridr  of  bomn  upon  anhydrous  alcohol ;  it  is  iol 
meiiiatcly  dixomposcd  by  water.  Borncic  acid  is  readily  solnU 
lit  finhyclroiLK  alcohol  with  evolution  uf  hent.  Ebclmvn  coii»idd 
that  under  these  eircuniBtanecs  a  second  ether  is  formed,  wbifl 
when  pure  is  solid  at  ordinary  tenipemtures.  It  ftoftcQs  at  aba 
100°  F.,  and  can  be  drawn  out  into  long  threads.  Its  oompotritid 
i»  not  certainly  known,  but  it  has  been  represented  aa  (C|I],C 
1  BOj),  aimIogtiii»  to  ordiuary  borax.  I 

{100.-,}  Formic  Ethtr  {C^Wfi.C^llO.^  I  Sp.  ffr.  of  liquUi ogi 
at  64°  ;  ij/ raptiur  1- ^j ^  ;  BoUinff  pi.  n-^'^-j. — Thi»  ether  i.t  rvadjj 
obtained  by  distilling  7  parts  of  dry  foriniBtc  of  soila  uitb  loJ 
oil  of  vitriol,  and  9  of  alcohol  of  ep.  gr,  odij.  Wohlcr  prcpa^ 
it  from  a  mixtniv  of  10  purtv  of  sturch,  with  37  of  tiueljr  puwdcrc 
binoxide  of  maugauese,  and  15  j>arts  of  alcohol,  15  of  water,  a| 
30  of  oil  of  vitriol :  the  whole  is  distilled  by  n  gentle  he&t  iai 
espacious  retort.     The  formic  acid  generated  by  the  oxidatioaj 
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'>  reacts  upou  the  alcoliol  at  the  moment  of  its  forma- 
<ic  ctber  docs  uot  Diix  wilb  the  water  wliich  8ccam> 
d ;  »tid  w  ^>urific'cl  1)f  waaliing  with  wntcr,  and  rectifiCHtion 
efcluivie  uf  calcium.     Formic   ether    is  also  a  eeooiitlarf 
>  of  the  reaction  of  nitric  acid  upon  alcohol.     When  pure 
|1Dlaiirics9,  mid  baa  an  agreeable  oclour   and  tMt«,  recalling 
ptsacb   kernels.     If  left  iii  contact  with  water  it  becomes 
'rcsolrtil  iuto  formic  acid  and  alcohol. 

JcrtU  Elhcr  (C.H.O.C.IIjOj)  ;  Sp.  gr.  of  Uqmd  0-8y ; 

3-06  ;   Boiling  pi.  165°. — Acctic  acid,  if  repeatedly  dis- 

I  »tiJi  alcohol,  give*  rise  to  the  formation  of  acetic  etlicr,  hut 

aiQch  liasteiied  bv  the  addition  of  sulphuric  acid  to 

A  mixture  of  6  parts  of  alcohol,  4  of  acetic  acid,  aud 

.  of  oil  of  vitriol,  pelils  tbe  ether  with  facility.     When  a 

I  e<jual  to  that  of  the  alcohol  employed  has  cotne 

|.i^-,.oas  is  stopped  ;  the  distillalc  is  washed   twice  with 

balk  of  vater,  and  rectified  from   chloride  of  calcium. 

:  of  soda  or  acetate  of  lead  may  be  auhstituted  for  acetic 

III  the  forcgoiog  prw:ess,  but  then  a  larger  ciuautity  of  oil  of 

is  needed.     If  0   parts  of  alcohol  be  employed,  loo  of 

of  MKia  and  15  of  oil  of  vitriol  may  be  used ;  or  24  jiarts 

-■'-  "f  load  (dned),  aud  ^  of  oil  of  vitriol. 

ether  has  a  burniuj;  tajito  aud  an  agreeable  odour, 
embliiis  Chat  of  apples  ;  a  small  quantity  of  it  appears 
^ined  in  screral  Tariellcs  of  vrinc.  Water  diw«olvcs 
?veiitb  of  its  bulk  of  it.  Acetic  ether  is  a  goo<l  solvent 
ntial  oils,  for  the  resins,  and  for  pyroxylin.  A  mixture 
■r  with  an  alcuholie  solution  of  hydrate  of  potat>h,  is 
deoonposcd  into  acetate  of  potash  and  alcohol. 
-  dinsolTcs  chloride  of  calcium  readily,  and  forms  with 
ir^ble  comjiouiid,  irhich  yields  the  ether  unchaugedou 
ion  of  heat. 

Uttiyric  Eihcr  (CJl^Ofi^U^OsSp.  ffr.  of  liquid  O'^OAi ; 

.  04  ;  hoilingpl.  ajS^S)  is  remarkable  for  the  facility 

it  may  be  formed.      If  a  mixture  of  i  parts  of  alcohol 

12  acid   he  agitated  with  1  part  of  oil  of  vitriol, 

1  be  diluted  with  an  equal  bulk  of  water,  the  liquid, 

I  larates  into  two  layera,  the  upper  of  which  is  butyric 

s  etber  \t  ueaily  iusoluble  iu  water,  aud  whcu  dilutefl 

1   hoa   the  oduur  of  pine  apple,  constituting,  indeed, 

!    an   ptMf-apftle  oil.     In  ordt-r  to  purify  the  ethor,  it 

>il  with  water,  wad  rectified  after  staadiog  upouj 

t:^iti'4IUIl. 


^ 


_S02  cniuHOCAftnoNic  snuK— cyakio  ctoek. 

Chlorocarboaic  EUiar  {CJtjO,CjClO^:  Sp.  ffr.  of  tiqod  17 
(if  vcfiour  3*8^3  ;  Builmgpl.  soi". — Tliin  coai|>uand  ia  uliUii 
alifiorbiiig  ptioagcnc  gas  (327}  hj  abHolute  aJcoliol,  and 
tlie  product  froai  powdered  lilbnrgc  sud  chloride  tif  ralciunLl 
is  &  colourluss,  rcry  limpid  tiiiim),  vbicti  emits  a  siifTiKa'tuxi 

irritates  the  ejea  {KtirerfuUjr.      lu  vnpour  bums  Tiih  »| 
lune.     it  i»  not  soluble  in  ixild  water,  but  is  decoRi{ 
boiling  water.     Gcrha.n1t  rcprcsciitn  this  compound  is  aal 
cbluride,    wlii«h    bear*     the    same    relation    to    carbctliyKc 
that  bcnxoic  ox>-cliloridc  (cbloride  of  boD30}-1)  docs  to 
acidr— 


H  5"'  • 


Cl  J 

(101 1)  Cyodie  fitter  (C,H,0,C,NO) :  Sp.ffr.ofll^di 

ofvafiwr  2'4;.5  ;  Jfoilittg  pi.  140". — This  ether  may  be 
by  distilling  cj-nnatc  of  potash  wttli  tlie  sulphcthylutc  of 
It   ia   an  extremely   pungent   Tolntilc   liigiiid   of    l)i{*b 
power.     Cyauic  ether  when  decomjwBcd  by  hydnitc  of  j 
undergoes  a  remarkable  transformatiou,  in  couscquettoc  < 

it  is  conTcrtcd  into    a    new  base,  ethylia,  C^EI^N,  s 

which  coiTMponds  to  ammouia  in  nhidi  one  alom  of  hyd 
hfXD  displaced  by  ethyl  (C,UJ,  tlie  organic  radicle 
[WurtZj  Ann,  de  Chimin,  111.  xxx.  447.) 

c[h  ,o,c,n6 + riko.HO)  =  a  ko,c,o.+c^„h; 

A  Bimtlar  docotDpovicion  c»s>ics  when  tbo  nnoic  cihi 
otbcr  alcohols  are   trcatctl   with  hydrate  of  potaah,  iki 
Ikalies  liomolc^ous  with  etlnlift  being  formed.     Tbua,S 
■vith  liydratctl  cyanic  acid,  which  coutnitifl  hydrogen  ii 
t^  the  radicles  of  the  ethers : — 

ilO^C^NO+a(KO,HO)  =  3  KO,C,0,+    U.H/ 

CE;v;jvj.SO+a(K0,UO)«iKO»Ct04+L;,.i^a. 
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alcolioL  SQ(1  a  cubstance  s«lu1)le  in  alcoliol  lint  insotable 

r,  CTTstalUxinK  in  bcuutiful  pcarl>- tables,  is  formctl :  this 

oHpiifflllv  tcnnrd  wjomcMoM",  but  it  in  now  ailmittf^]  to 

:  ether,  or  the  cllicr  of  amidatcd  ox&Iic  acid  ({lO,lipCC\0^ 


Oi=«r  ftbw. 


AkokoL 

.  J- . 


^.i,i^,^,Oj+H,N  =  C,U,O,H^NC^O,+C^H,0,HO. 

il  parts  of  oxalrtlirlatc  of  potash  imd  Bulphomethylate  of 
thorougbly  Atied,  tbeii   mixiril  uud  eubniittcJ  to  (Uittil- 
,  t  mriou*  double  ether  (jtuthi/Uethghxatic  ether,  (C^IIjO, 
'  t  I  is  olitained.     It  form*  a  yellowish  oil,  heavier  than 
U  .  gr.  1-U7,  boilitig&t  slwut  33o°,Hiidi:Diittii>gUTa|)our 

ftp-  4-fi7- 

r"~"'   Carbonic  JithtT  (iC,H,0,C,OJ;  Sp.  gr.  0'y7,5;  o/vapottr 

k  ''Spt.  357". — Tliia  ether  cannot  be  obtained  by  the 

kr;  mode  of  prcjianDg  tlie&e  con)|Kiun<ls.  It  mnj  be  TorDicd 
f  —  ■  ■  ntrliODate  of  silver  with  iodide  of  ethyl  in  a  closed 
.'.  in  genemltj  procun:d  by  hraliiig  sodium  orputatsaiuui 
^-onltc  ether,  tn  which  o-ase  carbolic  oxide  is  disengaged 
llr,  wliilft  carbonic  ether  distill  over,  and  oxBtato  of  the 
loiiis  in  the  rcUirt.  This  rcactiou  docs  not  admit  of  a 
injirtsaiou  hj  an  e(|iiation.  Carbonic  ether  is  a  very  mobile 
,  of  a  sweet  nroouitic  odour ;  it  ia  not  very  inflnmmabte  ;  but 
lily  dcL'«itii[iOMtl  hy  an  alcoholic  aolution  of  pntntdi.  Whcti 
I  m  a  wiJed  tui>e  with  an  alcoholic  solution  of  ammonia, 
*.  earlnmic  ptiicr  (arcthane)  nre  formed ;  and  if  the 
be  raised  In  about  ;J5A'',  the  excess  of  ammonia  slowly 
-  carttonic  ether  into  alcohol  and  urea,  or  carliamide 
;  both  decompositions  being  analogous  ^o  those 
ntdic  i^her  undergoes  with  greater  facility  by  the  sums 

f fcrtAo«^,«r  earbamic  ethtr^S^^Wp.W  ,NC,Oj) :  Boiling  pt.  356"; 
'tr  3*14, — 'rtiis  is  a  sulmance  which  resembles 
jtpcorancc}  it  crinccs  a  remarkable  di»[)ositlon  to 
I'ornu  lar^  trausparcut  leaflets,  which  arc  fmihie 
1  wry  aoUible  in  alcohol  and  ether.  If  distillwl 
-wi.tj  it  gives  oif  large  quautitics  of  ammonia. 
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(10I2)  Cyamrie  Ether  (3  C.H.O.C^jOj  :  <i..  gr. 
7'4. — Tills  comixjuud  in  obtaiiiol  by  ilislilUiig  a  toi&turt  ■ 
ptiiylale  wid  cj-amu-atc  of  potiuli,  bv  Uic  Iic«  oroa  <A-\ 
w  ijolymeric  with  cyanic  ctlier :  but  it  is  solid  nt  ord 
pei-aturcB,  and   may  be  obtained    from   lis  MlalioD 
brilliaut  crjstaU,  wbich    melt   ut    io^,  forming  «  liquid 
tbaii   wattr,  wbicb  boils  at  487",  and  may  lie  distilU-d 
Wlien    treated  with   byrirale   of  potasli,  it  yields  etbylift] 
ultimate  rciidt.      Tbc  cymmric  ether?  of  tbc  olbcr  alcoboi 
the  c»rre»ii(jnding  nlktliea  wheu  similariy  treated^  the 
duel*  bcipg  jdciilical  witJi    those  which  are  fiiniishcd  i\ 
Cyanic  ctbcra  of  ih«  same  series  nrc  simibirly  dccompoMd; 

Cf»urir>tlim. 

3  C^.C;NP,+6  (KO,UO)  =  3  (a  KO,C,OJ  +3  (C;i 

AUophanic  Ether   (C.HjO.C^HjNiO,).— TbiB  com| 
long  tnifitakfrn  for  cyanuric  ctlior.     It  is  obtained  by 
the  va])ours  of  bydrattd  pyanic  ncid   into  alcohol.       U 
or^-slallinc,  colourlos,  tastfless,  iiiodontua  body  which  ia 
in  cold  vrau:r,  but   is   soluble  iu  boilin;;  water,  in  etboJ 
boiling  alcohol.     It  in  soluble  in  cold  baryta  watci-.  which 
it  into  nlcohoi,  aud  a  nevr   luilt,    ullDpliBnnte   of  barjti 
CjIljNjOj).     Allopbanic  acid  is  not  known  except  tn  cvnt 


{d)  Ether*  not  derived  from  Ethylic  AtcohoL 

(1013)  MKTnvi.rc  Etuek,  or  Oxide  of  Mtfhift  {C\ 
gr.  of  vapawr  1-617. — ^7  distilling  1   port  of  pyroiiybci 
4  [xu-ts  of  oil  of  vitriol,  a  colourlow  gas,  bomulogoua  with 
ctlier,  is  divcugngcd.      It  ie  Bccompanicd   by  carbouic  . 
rous  acidB,  which  niny  be  removed  by  nlloiring  thcgaH-'J 
to  6taud  for  twenty-four  buure  iu  coulacG  with  slaked  lii 
wious  ntctliylic  ether  hss  a  jiccidiar  oppressive  eUict 
freely  soluble  in  water,  which  diiwolvcs  about  37  li'   . 
the  gas,  and  angoirn  its  odour  and  pungent  ethereal 
"till   more  m.i|uI>Ic  in  alcohol.      This  gas  is  very   \- 
burns  with  a  pale  lUniC;  it  is  liqueliable  at  a  tempi.   . 
kiid  boils  at  — 6'' (Bcrthelnl).  This  aubttaocc,  it  should  be< 

nictamcric  nilb  alcohol,  with   wbirh  it 
lolccular  iiUKibcr  ami  in  lh«  density  of  i!        , 
of  mctliyl    may  bo  obtained    with  chlorine,  bromine,  is 
*"l|.lnir,  fotniitig  cbh(         < 
*ll     time    toilU''     art 
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• '■•■i-ftft;  th«  Iirowide  aad   tte  )(kI1<1«  are  volatile 

Jik  dcusity.  All  these  ooiniiomidB  an>  pre* 
like  the  corrcspg ruling  cfimj»ouiitlB    of  etljyl.       Combiiui- 

oxtilo  of  iaoth;r1  witli  the  oxyaviiU  also  rxUt,  fonnin^ 
.of  cjomiiouuils  parallel  niUi  tlic    utbylic  oxyacid  cthcrii: 

hare   snljihato,  aitralc,  oxalate,  acetate  of  methyl,  mid 

Jkreihyt-Sulphnric  Elhtr,m  Sittp}iat>f  of  Methyt  (aCjUp, 
V,  BtHiiiiff  pi.  370^)  is  procured  by  craiiaiuitlmg  dry  lavtliylic 
I  Dtrr  <^<il  [ihune  niihfdrtile,  or  hy  dbtilling  1  [tiirt  of  [lyrostylic 
Willi  K  or  10  parts  of  oil  of  vllriul ;  in  the  latter  process  the 
-   over  u  a  tastclcsa  oily  liquid,  and  cotlecta  in  the 
E.      It  must  bo  naahcl  with  cold  wntvr,  digcittvd  on  qtiick- 
ttvc  it  from  sulphurom  acid  and  water,  and  tbua  r&rtilttHl. 
obtaiurd  as  a  oolourleas  liquid  nliich  gives  nlT  a  vapour 
2   atonu   of  oxitic  of  indthyl  and   i  of  Hidphuric  acid 
4  Tolumes.     It  \h  slowly  decom{K>seil  by  water  in  the 
b  quickly  resolved  by  it  at  the  boiling  point  into  vood 
salpbomL-thrlic  acid. 
il-Actite  Ether,  or  Aeetale  of  Mtthtjl  (CjUp.C,H,0„ 
f^.  133^)    is  formed  Abiindnnlly  during  tbe  destructi^'C 
t'wi    of   wood,   iind   enltTB  Inrgely  into  the  compoBitioti  of 
i^Lxu]    f^fiirit.     It  ia  a   colnitrlcn   liquid,  of  an   agreeahlfi 
odonr,    and  ia  freely  soluble  in   water.     Tlic  hytlrutcd 
I      _.     .,_  ;j  jf,(^  acetic  acid  and  wotxl  spirit.     It  may  be 
...•^  1  partH  of  wood  spirit  vith  i   part  of  con- 
acid,  and  otic  of  oil  of  vitriol;  the  crude  product 
ibiu  clilortilc  of  caleiiun,  which  rctaiott  the  uncliajtged 

lie  F.lkrr.  or  Orahte  of  Methtjf  (2  Q,\lfi,Cp^  ■ 

•  ^p-fff.tifli'/nidal  lai*,  I'l^SA. — This coiupoimd 

,,ary  lciniH-r7itun>«,  and  may  be   sublimed  without 

it  oiAy  l»e  obtained  by  uiiiing  1  part  of  crude  wood 

'    i]  of  vitriol,  and  distilling  the  oixturu  with  2 

.  .f  [Kita^h.     Tlie  materiala  should  be  nlKiwcd  to 

..-t  lor  14  lioun  before  the  diBtlllatiou  is  pruceedtn) 

'  juid  first  passes  over,  followed  by  crystals  of  the 

crystaU  bc^in  to  appi,>iir  in  lite  neck  of  the 

:  receiver  must  be  changed,  and  ibe  distillutiuu  carried  ou 

-jtscontinuc  tobcformcil.     These  crystals  niHRt 

,:  prc«ore  Ijclwccn  folds  of  hlolting-iwiprrr,  and 

iiiaiiitnined  forsntne  time  in  a  molted  slate  by 

I,  lii  QT>icT  to  drive  off  adhering  rolatilc  matters. 
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(loia)  Cifantirie  Ether   (3  C4HiO,Cal^,OJ :  .<ip.|r.i 
7'4. — lliis  compound  a  obloiucd  by  ilUtilliu^  a  miitwcoTi 
clhjrlfttc  atiil  cvaourotc  of  |)ota«lij  br  tlio  heat  vf  ma  ' 
ia  polyninric  nith  cyanic  ctiicr  :  but  it  is  solid  at  i.i-.. 
perstures,  and   may  be  t>1>tiiined    Trom  its  eoliitian  in 
brilttaut  crystals,  which    melt  at    20^°j  furmiiig  a  ti(]iud 
tbau  w&ltr,  wbicli  boiU  at  487°,  and  rir;  be  disttllcil 
Wl»en    treatctl  uitli  hydrate  of  potash,  it  yidds  cthrlia 
ultimate  rcstilt.      The  cyauuric  etiicn  of  the  other  .- 
the  corre^^jioiiding  ntknlics  nhen  similarly  treated,  lU 
ducts  being  identical  with  tboec  vhich  are  riimishcd  «li 
cyanic  etliera  of  the  same  aeries  arc  similarly  decoruj 
CfHinric  Mia. 

3  CAO;cX6,+6  (KO.HO)  =  3  (J  K0.C,0J  +  3  (C.l 

Alhphamc  Etfier  (C^HjOjC^IIjN.Os).— This  cotii| 
long  mistaken  (or  eyanuric  ctlicr.      It  n  obtained  by  it 
the  vapours  of  bydratcd  cyanic  acid  into  alcohol       lt| 
fiTstallinc.  colonrless,  taetclrHi,  inodorous  hiwiy  uhicb  »I 
ill  cold  iriitcr,  but  is   soluble  in  boiling  water,  iu  cthrr,' 
boiliug  alcuUol.     It  is  soluble  in  cold  baryta  water,  which 
it  into  alcohol,  and   a   iieir    salt,    ailophaiiatc    of 
CjIlgNjOj.     Alloi>hamc  acid  ia  not  kncTm  except  in  1 


(d)  Elhen  not  derived  from  Elhylic  Akokol. 

(1013)   Mktiivlic  Etueh,  or  Oxidf  of  Mttht/I  [C.l 
gr.  ^f  vajMur  1*617. — By  dislilHug  1   jiarl  uf  pymsyUe 
4  parts  of  oil  of  ritriol,  a  colourleaa  ga^f  homoloeoin  Hi 
ether,  i«  diMingugctl.      It  ia  accotrpnuicd   by  • 
rous  acids,  vhicb  uiny  be  removed  by  alluwtn;^ 
to  staud  for  tnenty-four  hours  iu  contact  with  i>lnkcd  Une.] 
HeouKiiiotdylic  ether  has  a  peculiar  p|    '  '  cthcn'ol 

freely  Huluble  in  water,  vhich  diasolv  '37  limea  it 

tlio  gas,  aod  aoquircti  its  odour  and  pungent  cilirrral 
Btilt   more  BOluble  in  alcohol.      Tbi*  gu»  ih  very  ioflamt 
bums  with  apalc  tlume;  itis  hijudiablDat  a  Icmperatti 
and  boils  at  ~  6*^  (Bcrthelot).  Iliis  allb^tsncCt  it  should  hci 
ift  Diotanieric  with  alcohol,  wiib   which  '"  ■ 
molecular  number  and  in  the  deoaity  oi' 
pf  metliyl  may  be  obtained   with  clilorinc,  hnj 
Hidjituir,  running  clil       ■     '  '    '   ' 

aU    these  bodies    m 


ETHEUS    FROM    VOOD   SPIRIT. 

linftr^  toiDperatiircs ;  tlio  bromide  and  tbe  iodide  are  volatile 
fdidB  of  considerable  density.     All  these  compounds  are  pre- 
likc  the  (!otTeA]>on<ling  cnmpountl.i    of  ethyl.       Combiua. 
of  oxidu  of  lactbj'l  uitli  the  oxyuviila  also  exist,  fonainj 
daos  of  compouoda  parallel  with  the    ethylio  osjacid  ethers : 
KC  have   sulphate,  oitrato,  oxalate,  acetate  of  metlijrl,  and 
on. 
(I0I4)  »fef/ii/l^$«tp/iuric  Ether,  or  Sulphate  ofAUthyl  (aCjHjO, 
uf  JioUiafffit.  370")  i*  procuroil  by  tniasmittiiig  dry  mcthylic 
over  Hulphuric  aubydride,  or  by  distilling  i  part  of  pj:'r(]xylic 
it  iritb  8  or  10  parts  of  oil  of  vitriol ;  in  the  laltcr  proceita  ihe 
»   p«Me«   over  as   n   tiwtvlcffi  oily  liqiiii),  nntl  colk-cts  in  the 
ircr.     It  must  be  washed  with  cold  watcT,  digesle<l  on  {[tiic-k- 
to  free  it  from  sulpharous  acid  and  water,  and  Chen  rectified, 
thus  obtatucd  ax  a  colourlom  liquid  whlcb  gives  off  a  vapour 
itaiuiiig  2  atoms  of  oxide  of  methyl  and  i  of  sulphuric  acid 
}J  ia  4  volumes.     It  is  slowly  decomposed  by  water  id  the 
J,  hcit  IB  cjuickty  rccolTcd  by  it  at  the  boiling  poiut  into  wood 
rit  and  satphomctliylic  acid. 

Mttkyl-Actiic  Ether,  or  ^ce^o^e  t^f  mtk^l  (CjHjO.C^HaO,, 

fiet/iny  fit.    i^'ij*)   ia   formed   abundantly  during  the  destructive 

Ld(itillat!ou  of  vood,  and  enters  largely  into  the  composition  of 

[mide  urood  iipirit.     It  is  a  colourless  liquid,  of  an  agreeable 

ittberctd  odour,  and  is  freely  soluble  Id  water.     The  hydrated 

Jkalies  dccnmpo«c  it  into  acetic  ncid  and  wood  spirit.      It  niny  be 

[atllainMl  by  di-itilliug  1  parts  of  wood  spirit  with   1  part  of  con- 

[teitlnited  acetic  acid,  and  one  of  oil  of  vitriol;   the  crude  product 

[ii  rectified  from  cblurlile  of  calcium,  which  rctutus  the  unchanged 

tood  «pirit. 

Uethyt-Osalie  Ether,  or  Oxalate  oj  Methyl  (s  C;H,0,('PJ  : 

YBmUtg pt.  \zz° ;  Sp.ffr.tifl'ijnutal  121°,  i'ij6f>. — ^Thiscoinpouud 

■olid  at  ordinary  temperatares,  and  may  be  sublimed  without 

lifcelty.     It  may  be  obtained  by  milling  i  part  of  crude  wood 

it  irilh  one  of  oil  of  ritriol,  and  distilling  the  mixture  with   2 

of  binosalatc  of  jxit&sb.     The  tiiateriaU  should  be  iillowcd  to 

in  contact  for  14  hour?  before  the  dtsiillHtiou  in  proceeded 

A  volatile  liquid  fitst  parses  over,  followed  by  crystu.U  of  the 

When  tlicec  cryittals  begin  to  appear  in  the  ueck  of  the 

t,  llie  receiver  mu^t  be  chaDgcd,  and  the  dt^tillntion  cnrricd  oa 

■'J  ^1  thceri'iitalsoontinuc  to  he  formed.      Tlicsv  cn'ataU  must 

-il  by  strong  pressure  between  folds  of  blotting-paper,  and 

Bin!  aJicnrard*  lie  maintaiui-d  for  some  time  in  a  melted  Ftate  by 

ignitio  heat,  iu  order  to  drive  offailhtring  volatile  matters, 
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A  compttnud  of  oxide  of  methyl  n 
has  Imy-'D  diiicovercd  rcattr  rormefl  in  : 
stituting,  in   oombinntion  with   snlicvl 
(CjH.,0.  Ci,H^O,l,the  essential  oil  pp 
a  s]ieci€s  uf  birch,  and  from  the  tcinter 
tens)  :  a  comjnuml  (.-^incllT  rCBcmbling  iLl 
by  (listilbng  a  mixture  of  wooct  »|iirit  nitb  i^icjlic  aod 
ncids.    This  compound  possesses  the  pover  of  unitiug 
like  an  acid  (1268). 

(loi^)  The  following  tuble  sboira  the  Mmporiti^ 
of  the  physical  projiertieB  of  the  more  important  mt 
Tbc  deusittca  to  which  an  asterisk  is  sfilixed  were  taken' 
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UtOiflsCtfC,. 

OAide  of  methyl   .    . 

Sill  phi  (111      „ 

J)iHiilplii(!«  „ 

Clilorutti 

Bromide      ,, 

Iodide         t, 

Cjanide       >. 

SulphfttA     „ 

NitTalo 

Bonto         „ 

fonniotd     „ 

Aoetai«        ,. 

Butyrat''      „ 

VaVralo       „ 

Cyanato        „ 
C^a&untc    „ 

Bcnuint«     „ 

Oinl&te 

SdiojUt«    „ 

Tonatm. 


CJI.O.C.  u.o, 

c;h,o.c,h,o, 
3C,n,o.c.    0, 


(]Oi6)  THtytic,  Tftrt/lk.    Amylic,  and   OetyHe 
Tritylic  Etfter  was  obtained  by  Cbxooel,  but  H  u 
and  tU  dcrirativcs  have  not  yi-t  buen  investi^tc*!. 

2.    Telrytic  (bntylie)  ^Atr  vn5  lint  dracribod  liy 
of  the  products  of  the  voltaic  decompositiou  of  rnlmt^^ 
Since  tlitit  time,  Wurtz  has   pubbshixl   a  memoir  oiti 
of  the  tctrylic  setiea,  to  which  the  render  ie  referred 
tion  of  theip  proi^rties  [Ann,  de  Vhimie,  III.  xlii.  ii( 

T^.  Amy  lie  Ether  [C    11    n\  ^  ftoiim;; -'    -.."^ 
nil  qimntity  by  thr  i  i.^n  of  fo  1 

«ince  liy  ibis  method  ibv  grviitrr  pnrt  uf  ■ 
'  ilu  bjTtUTjcaibonB  polymeric  with  alcSaut  ^. —      i^ 


rvneikjt  of  rnt  tetrvijc  axb  amvuc  oBoDrs. 


sor 


also  procureil  it  Ijy  decomposing  chloride  of  amyl  (C,(,H„C1)  hy 
18  of  a  ocHiceutrated  eolation  of  potsnh  :  tlie  miilurc  is  to  twi 
ilcd  up  ID  a  tube  and  heated  for  some  time  to  311**.  Thelinaid 
cli  floats  npoD  tlip  surface  hsa  a  fragrant  odour,  and  hoik  at 
•\»out  333".  It  is,  liovrevcr,  duubtful,  according  to  Williamwn, 
•hctlicr  this  be  not  amjletttytic  etlier.  No  analysis  of  it  lias 
been  made.  It  i^  probable  that  «omc  of  the  compoiind  t-tlicra 
of  the  amyltc  series  arc  the  bodica  to  which  tlie  odour  and 
Bvour  ofccrtain  fniita  belong  (991)1  *">*  tbcy  prcsi-nt  no  epeciul 
mat$  of  iatcrcflt,  aud  therefore  need  no  detailed  deacrifition.  They 
n  be  pnM'ured  by  mcthodit  aiulogotis  to  tboxc  which  were  de- 
ihen  treating  of  the  different  ethylic  etlicn.  The  amylic 
»as  carefully  investigated  by  Cahours  {Atm.  de  Chimie,  11. 
, and  lxx»). 

The  following  tabic  coutaius  the  priucipul  ethers  of  the  tetrylic 
,  atoyUc  group« : — 


Tatijlic  rBut)IIi'>  SiriiH, 

Afavlk'  Bnriei, 

1 

Pofmnhi. 

Bitttuit 

Vim, 

•r. 

sp.  r. 

F^tmniK. 

BiiQJDg 
point, 

Sp.cr. 

1 

Uqald. 

T«pOB», 

Liquid. 

Vspmu, 

ItopM. 

CAO.C.II.O1 

•M'S 

»-«Bt 

•'•33 

(C„H,.0), 
iOi,U|i»), 

C,.K„.C(H 

C„H„U.1<0, 
C,„U„0,C,KO, 

Cua,.o.c,  n,o, 

C„F!,,O.C,olV>, 

lOii/'.i',    0. 
»Ca^uO,C,     0, 

SiS'B 
4Kiil 

"S 
ig4« 

D'piS 
a'IU>4 

0-, 

»1I 

S-6M 
I'M) 

8-4 

4.  Boi>i<^  ha»  examined  [.^mm.  de  Chimie,  TIT.  xtiv.  i  2S)  sevemi 
^tke  etfaoTf  of  the  oetylie  (cnprylic)  eerics :  ninny  of  tlicm  po<uieBs 
[fcnn-  agreeable  and  fragrant  odour,  which  may  possibly  lead  to 
employtncnt  as  jicrfiiinos ;  but  they  do  not  preJ^eiit  MilTieicnt 
ce  to  require  further  notice  in  this  work.  These  ethers 
{enerally  be  obtained  by  methods  nnalngnun  to  those  directed 
lo  ^  lucd  for  the  prcpamtiori  of  the  corresponding  mcthylic  and 
ct&tlic  ptben. 

^  IV.  AcTioK  OF  Cbloring  ok  tiir  BrnRiu  amd  AixonoLS. 

Uoiy)  Chlorine  cxcrta  a  [wwerful  action  upon  the  aleohoU, 
l&d  opon  mil  their  derivatives  which  contain  hydrogen,  forming  by 
mbstittition  numcrouft  coni|Hinnds,  in  wliich  a  certain  number  of 
uottt  of  hydro^'cn  are  displaced  by  a  curtespondiug  number  of 
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ntom&  of  chloriue.     Simitar  efTects  aro  produced  by  bntniine  and 
by  iodine,  tliougb  the  actiou  of  these  cIcDieuts  U  lin  energetic. 
Solnr  liglit greatly  iDorcjisi-jt  the  facility  with  nhich  the  reocttuo  ia 
effected.     Tlii.'  geimral  lans  by  vbich  thusc  sulmtitutiotu  arengi^ 
ktod  will  hit  hcst  miderslood  by  the  descriptiou  of  a  few  of  tbfl 
mo&t  important  eompounils  thus  furuivd.  fl 

(a)  Chlorinated  Derivative*  front  ft'ine  AlcoKoL  I 

(1018)  Dichlorinated  Ether  [C^\\^Q\,0)t',  ^P-  9'-  fjOo8;« 
^'bcn  dry  ctdoiiiic  is  po^cd  iuto  subydroiu  ctbcr,  abunditoce  fl 
hydrochluric  add  i-^  foruit^d  ;  2  of  th»  5  atoiiiBof  liydrojjea  iacaM 
half  of  the  mulccule  of  ether  are  dUplHced,  aud  ia  their  steadfl 
atotus  of  chlorine  enter  into  the  compound.  S  atoms  of  chloriofl 
and  1  molecule  of  ether,  thus  pnidiiee  4  atouas  of  bydrochloJ 
acid,  and  1  molecule  of  this  ucw  hody  : —  M 

(C.JJ^0),4  4C1,  =  4  HC1+  (C.^^O),.  I 

It  forms  a  heavy,  co1ourlp^«,  oily  liquid,  neutral  to  litiaus  pufl 
with  an  odour  and  taate  resembling  that  of  fennel;  *t  sSl 
it  uudcrgocs  dccornpositioa  before  it  bcj*iua  to  boil,  and  ■ 
contact  with  water  it  is  gradually  converted  into  acetic  and  bydll 
chloric  acid«.  It  wait  regarded  by  liicbig  *^  a  comixiuud  of  tfl 
same  order  as  acetic  acid,  and  he  termed  it  axychloride  of  aceM 
(C',H^,CljO)^  6  atoms  of  "(rater  would  produce,  with  1  molecule  il 
this   KuhHtatice,  z  atoms  of  monohydruted   ucutic   acid  and  4  m 

hydrochloric  acid;    (C,J?^''O)j+3HjOj  =  2tH0,C,U,Oj)  +  4Ha 

Ad  alcoholic  itolution  of  imtavh  immediately  produces  a  umid 
dGcompoutioD,  chloride  of  potRs^ium  and  acetate  of  potash  bciH 
formed.  m 

Perchiorinaied  Ethtr  {C,CljO)j:  Sp.  gr.  of  aoUd  t-g;  Futim 
pt.  l$6°, — If  Gtber,  ^aturatrtl  with  chlorine,  be  exposed  in  a-TOM 
with  csccf«  of  the  gas,  to  the  direct  rays  of  th(>  sun,  a  crystal^ 
body  it  formed,  whieJi  is  soluble  in  hot  alcohol,  andcry^tfOlixeafl 
cooling  in  octohcdra  with  a  square  hnae.  This  suhstuicc  rcplfl 
pcnts  ether,  ia  which  the  whole  of  the  hydrogen  has  been  digpliefl 
by  chlorine.  Under  certain  circiimstancea  ibe  pcrcblorimiia 
ether,  ttt  the  moment  of  its  formation,  is  resolved  iuto  seaqn 
chloride  of  carWii,  and  into  a  body  corresponding  to  aldebyd,  ifl 
iu  which  all  the  hydrogen  haa  been  displaced  by  chloriue:  onM 
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umilar  truiafimnatioii  occurs  wlicn  the  ra]u>ar  of  the  chlofinated 
ellier  is  exposed  to  a  temperature  of  about  ^t^x"  : — 

I'treUwia.  Mlitr.  ttHqulcblor.  Cub.  PMvhlomliirlijd. 

An  alcoholic  solution  of  potash  dcconi  poses  perchloriuatei3  etlier, 
but  the  reaction  is  complicated,  owing  to  the  presence  of  conipouiids 
rachted  from  the  alcohul  employed. 

(loiy.i  The  action  of  chlorine  upon  chloride  of  ethyl  is  more 
^mgntor;  with  siiitAhle  oure  it  is  possihle  to  01)10111  conipoiinds  iu 
ibicb  each  equivalent  of  hvdrogcu  is  Bucccaaivcly  removed,  aiid. 
place   supplied    bjr  chlorincj  aa  showu  in   the  tabic  given  sfe 

(1020)  Action  0/  Chlorine  upon  Compound  Ethers,— The  foro 
1  gotng  eiaiupW  are  true  cases  of  suh^titutioii;  but  in  some  rare 
nutanccft  the  chlorine  unites  directly  with  the  compound,  pro- 
dacing  a  new  chlorinated  Inidr,  without  scpiimtion  of  hydrogen  or 
fcronation  of  hydrochloric  acid;  a  ca!*e  of  tliis  kind  ia  presented 
b  pypomucic  ether  {C^Hfi.C^^ll^O^),  each  molecuic  of  which 
!  jlHorhfc  4  atoms,  or  rather  mon'  than  its  own  weight  of  chlarin^„ 
mil  from  a  cryntalline  solid  becomes  converted  into  n  colourless* 
tynipy  liquid,  C^HjO,CyjIljCl,0,.  A  mow;  familiar  esampio  ia 
oSftr^  iu  the  direct  union  of  chlorine  and  olcfiant  gas ;  these  two 
pacs,  nbcn  miuglcd  iu  equal  mcotsures,  combiuc  to  form  the  oily 
lii)ui(l  discovered  by  the  Dutch  chcniista,  and  which,  by  the  con- 
tinaol  action  of  chlorine,  yiplds  a  Mjries  of  conipoiindx  (400), 
tLc  last  mcmtjcr  of  which  is  Faraday's  sesquichloride  of  carbon. 

The  following  table  oslnbita  in  one  view  the  clfcct  of  chlorine 
in  ill  sttece&sive  stages  upon  ether,  and  some  of  its  derivatives  and 
compoands : — 

Chhrmated  Elhylic  Elfiers. 


«PVNt    *    •     * 

SonulSihtn. 

DioUoriiialAj. 

Vmliloriiiatod. 

Vuiooa  fef  Aiipaa. 

C.R.0.HO 
(C,H.O(, 

^Jj,h.e,b. 
cS.oAii  0. 
cji,o.c;n/>, 
C^l.n.c.Ci.*), 

C^HjO.C.JIA 

(C,D.C1,0), 

c.n.n.o.c.no, 
C'li.ci^.cji.o, 

(C^Ol-OU 

1  c,  cLo.t-.o, 

c.Pi,i),c,n3, 
c,cf,o.c,a/i, 

C,C1.0,C,Cl,O, 

C,BC1,0, 
C,IICl,O.CXl,0, 

l.,",y,i:u,Ti,ci,Oi 

Ejqierimcnt  shows  tltat,  whether  ctlicr  be  free  or  iu  comlnna- 
tidB,  tlie  (inA  3  stonm  of  hydrogen  arc  more  readily  remo?ed 
hwB  the  atom  of  ethyl  than  the  others,  as  indeed  might  be  expected 
tmtti  thr  fncility  with  which  alooliol  loses  3  atoms  of  hydrogen  by 
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DiidatiOD,  ia  the  m&nuracturo  of  acetic  acid.  All  tbe  componDds 
indicated  in  the  third  colnnin  of  the  tabic  arc  represented  as  con- 
taining C^HjCljO;  and  when  anj  one  of  these  is  submitted  to  tfafl 
action  of  au  lUcoholic  oolutiou  of  hydrate  of  pottuh,  it  lb  decoofl 
po«ed  ;  and  acetate  of  potnsh,  along  -nith  chloride  of  potassium,  fl 
found  among  the  produi^U.  This  oircumstanre  can  only  be  e]M 
plaJued  by  suppo»iug  thst,  whcucvcr  the  compouud  ethers  of  aj 
oi^anic  acid  into  the  composition  of  nhich  hydrogen  enters  aifl 
Mibniitted  to  the  action  of  chlorine,  the  hydrogen  ia  in  the  firM 
iiutlaiice  dinplaced  from  the  ether;  andBuhawnienily,  by  prulougefl 
coutionancc  of  the  action,  the  displacement  t^teads  to  the  hydrflH 
ge»  eontainetl  in  the  acid  of  the  compound.  The  mode  in  whtGH 
tlte  uen  bodies  undergo  decomposition,  iu  many  iiutances  afibr^l 
proof  that  tlic  displacement  is  cfTectod  in  this  order.  Whep,  f<J 
f^x.implc,  chloriniited  formic  other  in  decompodted  by  an  Kloohd^l 
solution  of  potash,  chloride  of  potassium,  and  acetate  and  formiad 
of  the  base,  arc  the  result : —  H 

I  Dichtorotsnnlc  clhtr.    JleMaU  o-rpatMh.  TcflBttU^fpeUBh.  ^M 

4  (K0,HO)+'C,H,CI,0,C,UO;=ko,C,H,6,+j  ECl  -t-KO.C.fiO.  -f  aII,ol 

Now  the  compound  CjITjCl^jO,  when  decomposed  by  potjudi,  yieljH 
acetate  of  potash  and  chloride  of  potassium  (roi8],  so  that  tlfl 
formiate  la  eridently  derived  fnim  undecomposed  formic  acid.       H 
When  clitorlne  is  made  to  act  npou  the  cllier»  under  the  coidH 
joined  influence  of  the  sun's  mys  and  of  a  high  temperature,  tl|H 
whole  of  the  hydrogen,  both  of  the  ether  and  of  the  acid  combin^l 
with  it,  is  displaced.     Tlietie  perchlorinatcd  compound  ethers,  autfl 
as  the  perchloracctic  ether   (C^CijOjC^CIjOg)  nnd  pcrchlorofonnM 
ether  (C^C\^O,CJC\0^) .  are  very  unstable.     They  are  readily  deconi 
posed  by  elevation  of  temperature,  and  by  alcohol,  as  well  as  hy 
solutiouB  of  ammoniflj  and  of  the  fixed  alkalies.      When  the  jier- 
chlorinated  cthylic  ethers  are  subjected  to  a  high  tctnpemtnre,  the 
products  obtained  varj-  with  the  nature  of  the  ucJd  combined  wiih 
the  ether  ;  but  amongst  these  products,  pcrchloroldehyd  (C^Cl^OJ 
it  always  present     This  compound  in  donhtleas  derived  from  tli^ 
compound  (CjCljO)^  which  all  those  bo<lies  contain,  and  which,  a 
an  elevated  temperature  (1018],  yields   sesquichlortde   of  cwb^| 
CjCl,  and  perehloraldchyd  (CjCl^Oj).     When  the  dccompositioofl 
effected  by  alcohol,  or  by  an  ulcohulic  solution  of  pota!<h,  amoagfl 
other  bodies  tnchloracetic   acid  (110,0,01^0,),  or  the  products  <■ 
its  decomposition,  is  always  found.     Thin  substauecis  the  reaultfl 
the  action  of  water  upon  percliloraldehyd,  hydrochloric  acid  bdlfl 
libciatedj  as  is  showu  thus: —  H 


cau>iui.t 


»U 


Trk^knMlfMU. 


C.CIp,  +  H,0,  =  IIO.C^C1,0„-H  Ha ; 

10  fttntDortia  is  tnndc  to  act  upon  one  of  these  pcrcliloriuntcd 
TicMomcotiunidc,  which  u  «lwsja  one  of  the  products,  is 
I  Iq?  the  following  reaction  npon  percliloraldelvyd : — 

I  ftnds  Ifaat  the  cliloromcttij^lic  ethers  arc  subject  to 
eral  mode*  of  dwoai position,  llioiigh  of  coiirBc  the 
pnxlnct*  dUTtr  from  those  yielded  by  Uie  clhylic  series. 
iMueutlr  bappctLs,  howcTcr,  that  the  compound  produced 
^pon  of  chlorine  does  not  correspond  in  compoaitioa  to 
^whicb  furnishes  it;  for  in  these  ca»c«  the  number  of 
of  hyilrogeu  which  arc  rumuvcd  is  greater  than  tlic  Diimhcr 
n  of  chlorine  which  enter  into  the  compound.  An  example 
>  kind  occurs  when   dry  chlorine  is  trausnaitted  tlimugb 

il  alcohul,  when  the  substftncc  described  by  Lifbig  under 
|of  chloral  \b  formed. 
D  (he  compouud  cthcr» are  treated  with  a  chlorioatiiigBud 
ida^tjoiiy  Itkc  tcrchloride  of  phosphonui,  the  reoulta  are 
M  t  a  portion  of  the  oxygen,  both  of  the  ncid  and  of  the 
tUttf  removed,  vhilut  a  currtsponding  number  of  atoms  of 
le  mppliea  its  place,  and  the  compound  becomes  split  into 
mr  boJie*.  Thus  Bccliamp  found  acctie  ether  to  yiehl 
M  of  elbyl  and  acetic  oiycbloride,  whilst  phosphorous  acid 


tMWr. 


ChbtU4Hb;t.    Oi7(U>r.Kvl]l. 


*.C.n.O0-i->PCri,=3(C,H»Cl)+3(C,H,O,Cl)+aPO,. 

CittouL,  or  Tfie/iloralJehi/d  (C^CIjHO.) :  Sp.  gr,  tif 
i;  o/  Fopow  5*13;  BoiHng  pt.  aoi°.— "When  pure 
9I10I  i»  auhmittod  to  the  nction  of  well-dried  chlo- 
ipoeed  ;  but  8  atoms  of  ohlorine  arc  required  for 
ition  of  a  single  ntom  of  alcohol ;  a  copious  dis- 
bjdrodiloric  acid  occars,  and  chloral  is  formed, 
does  not  corr«sj>ond  in  composition  to 
to  oklchyd ;  a  fitoms  of  hydrogen  having  been  re- 
bout  any  corrc^pnodtug  dubstitution  of  chlorine,  vrhiUt 
•  i)tf>fn«  of  hydrogen  have  been  diinpluoed  by  chlorine  in 
I'.  These  relations  will  be  at  once  perceived  by 
lurmoliej 
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Alcohol C,H,Oj       or  C.H^O.HO 

Alddiyd C.U.O,       or  C.HjO.HO 

Chloral C^CI^HO^  or  C,CljO,H0  ; 

aud  the  renction  is  rciircscutcd  by  tbc  equation : —  I 

AJcobul.  CUonL  I 

cXOa+4  CI,  =  C^,HO,+5  HCl. 

If  cklorinc  be  passed  into  dilute  instead  of  into  aDhrdioa 
alcohol,  no  chloral  is  formtd,  but  iustoadof  it  aMckyd,  acetic  acid 
and  hydrochloric  acid  aro  pi-otlnccd.  lu  this  cane  aldehyd  appcil 
to  bt  the  compound  formed,  and  by  a  secondary  reaction  of  aid! 
hyd  upon  vater  at  the  moment  of  its  fgrtnation,  it  Bppropriat«a  I 
cquivalcoU  of  oxjgeu  from  the  wntcr,  irhtlitt  the  chlorine  remod 
the  correcpondiiig  ciuaiitity  of  hydrogeu ; —  J 

cXoI+  Clg  =  cJlA+a  HCl;  uid  I 

C^H^+HjO^  +  Clj  =  C^,0^+2  HCL  I 

lu  order  to  obtain  chloral  in  a  state  of  purity,  the  alcohol] 
subjected  for  many  hours  lo  a  current  of  chlorine,  which  is  tnilrt 
inittcd  DO  lung  as  it  is  abnorbcd.  It  it>  necessary  at  (ir&t  to  ke* 
the  alcohol  cool,  but  afterwards  thu  teujicrature  must  be  gradual 
raised  until  the  liquid  boiU.  The  crude  product  is  uixed  with  thri 
times  its  bulk  of  oil  nf  ritriol,  and  distilled  bI  a  gentle  hea 
This  operation  must  be  repeated,  atid  the  product  finally  dil 
tilled  over  quicklime.  Stsedelcr  flnda  that  chloral  may  aim  t 
formed  by  distilliiig  a  mixture  of  one  part  of  starch  (or  Kuni 
vitli  7  parts  of  hydroehlunc  acid  and  3  of  peroxide  of  manganesi 
formic  and  carbonic  acids,  aud  other  bodies,  accompany  it. 

Chloral  in  in  many  rcnpccbt  a  remarkable  1>ody,  It  is  ' 
colourless,  oily-looking  fluid,  of  a  peculiar  penetrating  odoUl 
which  produces  a  flow  of  tears;  whco  dropped  upon  loiter  i 
leaves  n  traniiieiit  greuify  ntaiit.  It  ie  »uluMc  in  water,  nIi>ohol,  an 
ether.  If  mixed  with  a  tunall  quantity  of  water,  much  hcatj 
extricated,  and  a  crystalline  hydrate  is  formed.  One  uf  iu  mol 
singular  properties  is  thechunge  which  it  nndcrgocs  ftpontuneoua 
when  kept;  in  a  few  days  it  becomes  converted  into  a  tonl 
white  porcellanoas- looking  mo^s,  isomeric  with  the  liquid  fort 
into  which,  by  distjllatioo,  it  can  be  again  converted.  This  wbij 
substance  is  in»olnb1e  in  alcohol,  in  ether,  and  in  water;  but  | 
contact  with  water  it  is  gradually  conrerted  into  the  crystaUia< 


rBIU:QLOIALDSUVD. 

Ttic  factlitv  of  thus  clTccting  its  transforma- 
isotaeric  nodificatiouE  indicates  a  certaiu  resemblaticc  to 
in  tbu  tn&la))ilitjr  of  its  molecular  arnngemcnt 
\  aloohulic  solittioD  of  potash  converts  chloral  itnoiciliatcly 
b^ste  of  pota»h  and  cliloroform  : — 

C,CIjHO^4-K0,H0  =  KO.CjHOj+CJHci^ 

ict  canDoc,  however,  be  suppmiMl  to  indicnte  much  respect- 

0  fTOUpiiig  or    the  coiii[K>nL-iit  eletueuts    or  ctiluml,   tlit^ 

letjiulibrinm  of  wUicli  is  evidenced  by  the  facility  with  which 

•pontSDMUBly  passK*  from  the  liquid  to  the  solid  condi- 

Thcre  is  uo  doubt  that  the  arrangement  is  vitt  diiTerent  in 

WD  foTtn*,  siDcl  if  thus,  whilst  unsolicited  by  any  extraneous 

■1  fynx*,  its  molecutnr  amngcmmt  i«  so  readily  sltered,  it 

DU  tbat  the  rceultit  of  tu  (Icronipooitiuu  under  lite  inllueuce 

crful  chemical  agents  will  throw  but  little  light  upon  the 

li  gnnpin^  of  its  conttitncnt  elements. 

>«)   PerdtiaraidtUyd  (C,C!^0,) .   Sp.gr.  0/ lifjuut  y6o^  ;  qf 

M33  ;  Boiling  jit.  244". — Tliis  body  is  obtained  by  trans- 

^Ke  vapour  of  pcrcltlorinftted  ether    (C^CI^O),  through 

^Blie*  (1018),  a  mixture  of  scsiiuichlnride  of  carbon  and 

lUcliyil   being   the  reisult.      The  two  compounds  may  he 

id  bjr  dutilUtion,  since  the  cbloride  of  carbon  is  the  less 

f  nf  the  two.     Perchlomldehyd  is  also  always  otic  of  the  pro- 

[rf  the  dcconipoiitiou  of  the  compound  chlorinated  Gtbylie 

luat  (loao),  of  which  tbc  following  may  be  tnl:cu  aft 

t^CI,0,C,ClO*  =  Cp^O,  +  CjOjClj.' 


?ol,  fuming,  volatile  Iwiuid,  which  emits  a  eutfo- 
r,  and  tunu  the  skin  white  if  allowed  la  fall  upon  it. 
ipows  it  gradually  into  hydrochloric  and  trichlorncetie 


rcMiobla  ehlorine  in  its  oetioa  itpoa  alcohol,  form- 
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ing  broirutl  (CjItr^ilO,),  which  is  a  colourless  ml  of  ^gt 
boUiug  above  2 i 3°. 

{b)  ChJormated  Derivathcs  from  other  AlcohoU  and  ihrv 

It  iriU  bfl  uniicicesHiury  to  enter  into  uiy  debuted 
of  the  iiiiiumemble  coui]x>uu<1s  wlilcb  taa.j  be  foriucd  fi 
Mirople  iind  compound  ctbcn  of  the  oilier  alcohoU,  by  the 
tution  of  chlonnc,  bromine,  and  iodine  fur  bytlrogeo  ;  for, 
exception,  which  occurs  in  the  case  of  cblorofona,  tlicx 
but  littlu  to  arrest  the  attontioQ  of  the  chuniUt.      Tbi^  \M 
niiuiit«ly  Btudied  by   Malsguti,  Cabours,   tuid   Cloez.  to 
various  ]>a|icrs  iu  the  Armokt  de  C/tiuue,  tlic  reader  u  refa 
further  infbrniatimL  on  the  subject. 

(1033)  CiiLoKoPORM  (CjHClJ  ;  Sp.  gr.  of  ligmd  v. 
vapour  i^' 2  i  Soiiiny  jti.  14a*. — ^This  iuterestius  oomixjoiul 
duccd  hy  a  variety  of  rcactioos  :  1,  whca  cblorittc  in 
uinn  chloride  of  methyl,  the  foUtnring  ohauge  occurs: 

CjH.a  + 1  CI,  =  C.HCI,  +  a  HCI. 

a.  Another  remarkable  mode  of  its  furmatiou  lia«  been 
hjr  Uutiu»,  who  Anda  tliat  an  oily  li'iuid  consistitig  of  1 
and  bichloride  of  carbon,  u  slowly  iirodiicod  by  m\x\t 
in  diiTtiRcd  daylight  4  measures  of  chlorine  with  I 
marsh  ga$,  which  latter  must  be  diluted  with  an  cqv 
carl>onic  acid  in  onler  to  prevent  the  daiijjer  of  Kjtotit 
{iloKioD.     The  chloroform  and  the  bichloride  vary  iu  pr 
different  cxpcrioicaUf,  but  the  mode  of  their  fort 
llluitrated  by  the  Hubjuincd  cij^uatiou  : — 

2CaH,+7a,  =  CsIlCla+Cja^  +  7HC1. 

3.  Chloroform  is  ul»o  producenl  during  the  decompow^ 
trichloracetates  by  clio  hydrutcd  alkalies  ^— 

Tfifhlcm*!.  \*it—k.  Cwti.  pauiA.      CkliuuH 

KaC,C^O,+  K0,HO  =  »  KO.Vfi^-hCtHi 

4.  Also  by  the  action  of  the  hydnited  alka1ic«  upon 

Cai«nL  CUofoSwni.      r<>nnMf| 

C,HC1,0,  +  KO,  1 10  =  CjIICI,  +  KoTChoJ 

5.  But  it  is  moat  eooiioTniciilly  obtained  by  Acttn|{ 
alouhul  with  chloride  of  lime  (blenching  [Kiwd(>r}. 
u«touc,  oil  of  ttupeutiocj  and  mtoy  csaentiftl  oils  yidd  I 


cmoEoroBU. 


21E 


<;  '    ■         "■  of  clJoride  of  lime.     Chloroform  is  rcadilj 
iu  .  :  of  purity  liy  the  followiug  process : — 6  part*  of 

or  lime,  X|.  parts  of  water,  and  t  part  of  alcohol,  arc  to  be 
r»pacioii&  etill,  wci  llie  tLDiptTitturc  raised  ok  rapidly 
UU  it  rcacluM  180".  The  difiiiilation  is  tlieu  to  bo 
id  uutil  about  one  part  mod  it  half  linvc  piuscd  over ;  the 
ocmatstiDg  chiefly  of  chlorofoiiu  occompniiicd  by  water, 
two  layer*  in  tbc  receiver — the  cliloroform  conatitutiiig 
layer.  It  Khoulil  be  ducanteil  from  the  aqueous  portion, 
[■(itatcd  iritli  oil  of  vitriol  iii  urdcr  to  Ocslruy  traces  of  rolatilc 
nhocik  accoEDjiAuy  it :   by  Knotbci*  roctificatiou  it  ia  obtained  ia 

of  purity. 

I  CUonjfbnn  is  a  coloiirlt^s,  volatile  liquid,  of  bigb  rvfriictiog 

It  has    a   powerful  agreeable  ethereal  odour,  and  a  sweet 

ii^  tssti*.    Alcohol  and  etberdiMolvc  it  in  every  pro|>ortion, 

1  !•  icry  aiiftrinjiiy  eolublc  iu  water.  Coiiocntnwed  isulpburic  iicid 

Ibowrttiju   apun  il,  and  even  potaasium  does  not  oeea^ioa  its 

nfQxitioi].     It   is  inSamed  with  difficulty,    and  boms  with 

fiomewliBt  smoky  flaiuc,  pruducitig  bydrocblorit?  »cid  as 

I  carbonic  aeid  and  water.      Uy  admixture  with  an  aieoliulic 

.  of  potsjl)  H  is  decomposed,  chloride  of  pot&!>Aiutn  and 

'  of  potash  being  produced  : — 

Tomilsla  oTpnlMb. 

,llCl,  +  4  (KO.HO)  =  3  KCI  +  KaCjTO(+ a  11  A- 

•olutJoD  of  potash  does  not  produce  thi*  chAuge,  owing 

ring  iolubility  of  chloroforiu  in  water. 

rapour  of  dilurofomi  pocsewes  the  reinarliable  power  of 

ia  tbe  per»ou  who  baa  re&pired  it,  complete  temporary 

ty  lo  pain.     It  may  be  readily  inhaled  for  this  piirfiOHe 

a  tmall  ()uaiitity  of  tbe  liiiiiid  upon  a  !i|)nngc  or  a  band* 

'  which  U  Ui  bv  held  before  the  mouth  and  no^triU.     Prof. 

of  IMinbaJgh,  has  the  merit  of  bariug  been  the  fiTwt  U> 

tbi»  "■   to  (he  alleinalion  of  human  Hufferiiig  ;  and 

tbe  (.- -1     uea  be  abowed  in   etticacy  for  tliia  piirpovc,  it 

lleoi  extrusivvly  iuD)ih>ycd  for  rendering  patients  )n»cusible  to 
'  on*  ftirgical  operatioiis. 
-.  ^.iM  iiuportaoce  that  tbo  ddoroforna  used  for  thi* 
•kould   be  quite  pure.      In  some  caacs  it  luu  been  found 
a]<oaed  to  a  uruu;;  light  to  have  oiulergone  spuutaneou* 
ition.     It  ought  to  communicate  no  colour  to  oil 
nputcd    with  it.     Tbe  liquid  itaclf  idionld,bc  fi 
and  it  abould  bejieritcf// (ifstituie  of  any  cMorom 
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odour.      Wlieii  a  fen-  droptt  ar«  allowecl  to  eraporAtc  on  the  htdfl 
DO  un|)lcs«Aiit  odour  shuuM  be  left.  V 

Cbloroform  has  hccn  rcgaHrd  as  anfajdroas  formic  acid,  la 
whicti  the  3  Atom*  of  oxyf^eti  are  <li»]>]aced  hy  3  of  chloriii«  ;  but* 
the  mode  ill  which  it  is  obtained  by  substitution  from  chloride  otM 
mcthy!  shows  thnt  thin  cannot  be  its  tntc  coiistitntioa  ;  itprobablfl 
ought  to  he  rej^riled  03^  the  analogue  of  mcthjlic  ether,  ia  vlucH 
2  of  the  atoms  of  hytlrogen  arc  displaced  by  chlorine ;  C,Hj(3H 

becoming  C,..  [  CI.     If  distilled  iu  «  current  of   dry  chloriufl 

chloroform  is  wholly  deprived  of  hydrogen,  and  yields  Inchloi^H 

of  carbon  ($26),  and  iiydrochluric  acid;  Cj-.  [ci  +  C],  =  C|^| 

+  HCI.  I 

Clilorofonn  freely  diuolves  *tilphur,  phofiphonis,  and  iodinH 
It  i»  aliun  good  eotvcnt  for  fatty  and  rcsiuoua  Ijodies.  Ko  othfl 
liijnid  is  so  perfoet  a  aolveiit  for  caoutchouc,  which  is  left  uniUteftfl 
by  it  on  cvaporatioii,  H 

Iodoform  (CjlIIj)  is  B  8otid»  of  a  yellow  colour,  in  which  ■ 
atoms  of  iodine  occupy  the  place  of  the  chlorine  in  chlor^f 
form.  A  corrcBpoBdinp  compound  with  bromine  (CjHBrJ  mlj 
be  formed  by  the  distillation  of  bromide  of  lime  with  dilute  alcoblfl 
It  is  a  li(|tiid  of  Kp.  gr.  3'y,  boiling  iit  30^°,  and  emitting  a  vi^^| 
of  a  density  of  8*632.  fl 

^  V.  Mrtallic  Dbkivatives  or  tkk  Alcohols.  V 

(1024)  It  hsR  been  already  stated  (i)^i)),  that  wh«n  sodtafl 
or  potnsemm  \»  inudc  to  act  upon  one  of  the  alcohols,  liydn^en  fl 
eliminated,  and  a  eoinpouiid  in  formed,  which  preoeiiU  a  certdH 
analogy  with  the  ordinary  Matt!  of  godiuni  or  of  potasaium  ;  if  vH 
compare  the  action  of  Godium  upon  alcohol,  and  upon  monobM 
drated  acetic  acid,  the  rc&ulta  of  the  reaction  may  he  tbas  Rpifl 
amted : —  fl 

Almhol.  BoJiam  Alcohil.  ^H 

_  i    1  ^^H 

I  =(0.2']o,)+N.,=.('=A]o.)+H,  I 

^^B  JvbMb  idd.  Awtkli  of  wja.  ^H 

We  have  seen  that  when  such  conipouuds  are  acted  upon  ^| 
the  ethers  of  the  hydraeida,  either  simple  or  donble  etiiers  a^ 
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id  from  Umud  b;  n  prwxis  of  salistitutioti  oi>  double  decoia- 


•laatwL     lodU*  nf  atiiiL 


Bihn.        ludU*  ntuMaat. 


^  Nii°«  +     I  1  "^""^e  o;H3t),  +  J  j. 

the  last  few  yean,  liowever,  a  taties  of  compounds  las 

iDCfl  iu  vtiich  a  metallic  filciucut  enters  still  more  iiiti- 

lo  the  cotDfOsitiou  of  the  baac  of  tbv  alcohol.     The  &Tst 

oTtbim  class  that  naa  carc^llj  itivestij^ated  was  kakodvl 

i)  ;  and  thi»  Ijody  wm  sliovn  by  the  mfls-terly  rescarclicsof 

to  perform  tbc  part  of  a  compoutid  metal.  The  nibsequent 

of  Fnnldand   proved    tbc   |)09»il)Uity  of  obtxiuing  a 

of  new  bodies  more  or  less  aoalugouE  to  kakotl^'l ;  and  tbc 

opened  has  aiiicc  been  succeKfully  cultivated  by  manj 

Eicd  cbcniisls.     These  iarcstigatloas  hare  led  to  die  di»- 

«  tiDBjIter  of  inctulltc  substitution -derivatives  uf  alcohol 

more  or  leas  daseljr  allied  to  the  compound  ammonias. 

ict,    bonevcr,  arc  uot  all    formed  u|>on    the  tjpe  of 

In  some  itiJ>tanccs  cacb  atom  of  the  mctid  is  combined 

tvmteDt  of  the  alcohol  rndicle,  vhilst  to  others  2  equi- 

alcoliol  radicle,  in  nthurs  3  equivalents,  and  iiisomc 

t»  of  the  aliToliol  nuliclejAre  combined  with  t  atom 

metai. 

IM  noet  probahle  nplanntion  of  tbc  mode  in  which  these 
maSn  arc  formed,  h  that  first  sti^csted  by  Franklund  {Pfiil. 
185],  440),  who  regards  them  as  derivatives  from  the 
cuaapaundii  of  tlin  TnjioiiH  metaU  :  and  he  con-Mdcrn  that 
ubcr  of  equivalentM  of  thu  alcolxd  radicles  which  eombinc 
if  p*m  metal,  is  regulated  by  the  atomic  proportion  in 
metal  Icadii  to  combine  with  the  elements,  bj'drogeii, 
,  &c.  For  example  : — ainc  forms  compoiiuda  vbicb 
in  eompositiou  to  the  oxide  of  aioc;  and  siuce  zinc  is 
and  forma  only  a  single  oxide,  thr  mrthyl  and  other 
irativcft  of  zinc  eonUiiti  but  u  HiDjjU-  cijuivalctit  of  the 


Zinc-mrthyl 

Ziac<ctbyl 

Zinc-amyl. 


[7.n.C,!I,], 

[20,0,  H  J, 
[Zn,C,^II,l], 


im  titiieh,  like  tine,  forms  but  a  single  oxide,  yields 

of  aoologoaa  compo«ition,  ctulmium-cthyl  containing 

fi  and  tbtr  compoaitioi)  of  magamum-etbyl  (Mg,C^lI^1j 
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is  similar.    Aluminum  (bmui  a  Bcaqm^compound  [A1,(C4H,),] 
re^iODding  to  its  oxide  Al^Oj. 

Hie  tendency  of  nncntc  is  to  ttic  formation  of  com{: 
vhich  coutaiu  2,  3,  or  5  atoms  of  some  other  clcmcat,  tbe 
tliua  jiroilucvd  correapoodiiig  w  realgar,  to  araeuiurotted  bydi 
tnd  to  aiTBCiiic  odd  : — 


( AracoiuKlted  liydroeoB 
(.l.H.)  ...... 

( Areeoioufl  Acid  (AiOJ    . 


Anenic  Aeid  (AaOJ 


(K.koajl 

}  Areoniodietliyl  .  .  . 
Aneniotrietbyl  .  .  . 
OndsoflCskodr)  .  . 
Ckloride  of  Kakodyl  . 
Binoxidf  of  Anccto- 
muuumvtiijl  .  .  . 
Cbloride  of  Ar»ftnio> 
tclrpthylium  ,  .  . 
Bichloride  ot  Anroio- 

triethj-l 

TereUori.  J  cofKakodjI 
QniiilrirliloridnnfArsc- 

UiU-BWUOIUUUljl  .      . 


tA*.(C,nj^ 
A..(C.H^ 

A>.(C.IIj,tl 

A*.  c,n,.o, 
}  A..<c,nj,ci, 

A»,{C,HJ.CI, 

Ai,  c,H„a4 


Antimony  docs  not    form    any  compouuil  corrcspooding 
realgar,  but  it  yield*  bodiea  which  coutaia  i  ot  ^  atom»  of  i 
otlicr  cleaient;  and  llie  alcohol  com|>ouDdK  of  this  mutal  corr 
to  uutinioniiu'ettcd  hydrogen,  and  to  antiuouio  ftctd  : — 

A,..™™.-    A  -J /Quni     (Oxide  of  Stibiotflrplhylium  .     (C,H,l,Sb,0 
Anhmonic  And  (SbOJ     loxidc  of  SuyotnaU.j!      .     .     (C^H'tlsb.O^ 

Bi»mutb  prcscBts  compounds  which  correspond  to  teroxide 
bismuth : — 

o.idecfBt.m.th(Bioj|SiS^,;,4yi  :  ;  :  :  S'S^oj 

Mercury  yields  compounds  corrc^pondio^  ia  compositiou . 
the  red  oxide  of  tbe  metftl : — 

B«dOxido  of  Mercury  M  Iodide  of  Hjdnu-iivtbyl   .    .    H^(C,Vf)I 
(HfeO.)  ....     ]  \  JlydraiKodiiDctbjI  ....    Ug,(C4lJ, 

Lead    yields    a    compound    eortc»pooding    to    plumbic 
1  PbOj  :— 

rcr^xideof  Wd  a(l>bOJ  j  ^At.lES!^"  \  P1>.(C.H.).0. +.«< 

=  (pb,oj.  .  .  .    t  pj„B.QJti.ji .  .  .  rb,cc«Hj, 

The  componoda  of  tin  are  more  numerous,  but  they  are  ■ 
formed  upon  oue  of  the  three  foUoiring  types,  Su^O,.  Su,Oj,  Si 
as,  for  esaiaplc  : — 


fMAXEXASO't  TaSOKV   Or  OBGAKO-UBTALLIC   COMPOCXOS.      2)9 

Sa,0|    StautowEUiida  '    '    ' Sru  {  ^<H> 

f  8«iqiiim«Uud«  of  Tin 8d,{  C^ 

I  DitnethiodidflofTin Sn,j'^»?»*! 

/  SUonic  EUtide Sii,    (C,2,), 

I  Stsanic  £lltjrl<>Bi«thtdc 


SuBtiie  loilotrimcUiiil* 


Sumnic  lododietliid Sii,  '  C^i^i't 


The  compoands  of  ieleoiuro  and  tellurium  wttH  the  alcohol 
ndiclea  arc  closely  allied  to  the  class  of  bodies  which  wc  arc  now 
noftideriog,  oltbuagh  tlicy  present  Romc  auiilo^';  with  the  ethers, 

I  nul  tltey  have  already  been  alludpd  to  (999)  when  speaking  of  thwc 
inbatances.  The  intermediate  position  occupied  by  selenium  and 
jlclltiriain  hctwecu  the  meUiUic  aud  uon-iRctallicclumcuts,  eAplaitis 
fwbj'   their  coiDjioimiis   with    the   aleohol    radicles  should    exhibit 

properties  iniermcdiatc  beiwccu  those  of  the  tnie  ethers  and  of 
tlKK  metallic  deriTatlTca  of  the  alcohols.  The  tdluriaiu  and 
KieiuaiQ  ethers  differ  from  the  ordinary  ethers  in  the  tendency  to 
'Gombino  witb  oxygen  which  tltey  exhibit,  thus  forming  bodies 
■liich  unite  with  acids  and  yield  definite  salts.  Tcllurcthyl 
{C,H,Te)p  for  instnnoe,  biMjomes  oxidixcd  and  forma  the  body 
(C,HjTc)jOj,  and  this  compound,  by  its  eoinbinatiou  with  oxalic 
wi,  yidda  a  cryrtallinc  salt,  2[CC^lI.Tc),0JC,0,+  3Aq. 

These  oryauo-mttaUic  comiMJiinds,  as  they  have  I>een  termed, 

u«,  as  a  cUm,  distiuguished  by  the  extraordinary  energy  of  thrap 

iSditici.      Their  disposition  to  nnite  with  the  electro-negative 

tWtneDta  incrcai^es  with  the  punitive  clmracter  of  the  roctal,  andJ 

■ith  tbo  smallncM  jjf  the  atomic  weight  of  tho  alcohol  radicle! 

l^asytlte  potaflsiuD)  and  sodium  compounds  are  more  enei^etio 

linn  tbose  of  sine,  aud  these  than  the  eouapoundi  of  tin,  of  lead,  or 

'of  bismuth i  and  the  mcthylic  compounds  of  each  metal  arc  more 

Ktire  than  the  ethylic,  and  these  again  than  the  aniytic  cnrnpounds. 

Mkoy  of  the  eomiiouuda  uf  the  alcohol  radicles  with  the  metals, 

neh  for  example  as  siuc -methyl,   kakodyl,  stibiotrictbyl,  aud  bi«< 

trielhyl,  have  an  aUinitj  for  oxygco  fio  powerful  that  they  take  fire 

ipy  simple  contact  with  it,  or  with    utn>o»pburic    air:  but    it  is 

important  to  remark,  tliat  the  results  of  such  oxidation  are  very 

dJScreat  in  diflcrcot  cases.     In  some  iustauces,  when  the  operation 

II  conducted  slowly  and  with  due  care,  organo-metallic  oxides  arc 
J,  into  the  oompoution  of  whicl).  the  alcohol  radicle  caters  ; 


S30   coicrocNDS  or  m  mbtau  witb  tqk  alcohol  eadicleK. 

Uiey  thus  funiuh  'bases  vhich,  like  oxide  of  knkodyl,  combine  »i^ 
acids,  neutralizing   tliem   and  forming  vell-deiiiied  crj^taltti 
compounds.      In   otticr  instnticca   no  ituvh    baste    orgsno-Tuct 
oxides  can  be  obtained  :  thus  zinC'inethyl  and  Kiiic-etliirl,  altlic 
their  aOinity  for  osyfrcn  is  very  iuteuse,  do  not  yield  any 
metallic  base  by  the  gradual  notion  of  oxygen  upon  tliem. 

Kakodyl  and  srscniodicthyl  (the  kakodyl  of  the  ethylie  aerie 
both  unite  nitb  oxygen  in  two  proportions  :  the  lower  oiidc 
oue  atom  of  oxygen,  in  the  case  of  kakodyl,  exerting  the  pro[iertid 
of  a   powerful   baj^e,   neutralising    acids,   and  forintug  i«ith  tl 
cryetallizable  salts ;  whiUt  with  the  three  atoms  of  oxygen  a  atr 
nosobasic  acid  is  produced ;  thus  ; — 

Kakodyl  .  .         .  [As(0,H,lJ,. 

Oxide  of  ksko<Iyl      .         ,  [A«CC.Ha),0],. 

Kakodylic  acid         .  .         nO,A«(C,Hg)|,0,. 

Fratiklaiid  aocountR  for  the  ditTcrenco  between  the  results 
the  osidntioii  of  kakodyl  and  of  zinc-methyl  from  the  ctrcuni»t«i] 
that  in  the  case  ofoicidc  of  zinc  no  binoxidc  is  known,  ami  m  xtn 
methyl  is   formed  upon  the  type  of  oxide  of  zinc,  there  shoul 
therefore  be  no  tendency  to  the  formation  of  an  osidc  of 
methyl.      In   the  ease   of  kakodyl,   the  addition   of  an  atom 
oxygen   produces  n  comjjoiuid  corrcpouding  in  a  certain   de 
with  arsenious  acid . — 

(O  (C.H, 

As  -^  O,  Arscnious  acid ;  Ab    C.,H„  Oxide  of  kakodyl  ;j 

\o  [    o 

whilst  kakodylic  add  corresponds  to  arsenic  acid ; — 

r 

As  iO,  Arsenic  aeid;  As 

Is 

Tlie  oigano-mctallic  compounda,  to  use  Frank!and*» 
Vfhcn  "  in  a  utate  of  partial  saturation,  play  the  part  of  comj 
radicles  :  tliey  arc  uniutomie,  bialomic,  tcratomic,  or  quadraton 
acconling  to  the  number  of  niolcculcH  requisite  to  complete 
saturation.     On  the  other  hand,  organo-mctallie  bodies,  in  a 
of  saturation,  ne\*er  perforin  radical  functions ;  they  ncrcr  unde 
chemical  ciiange  nitliont  dccompoailiou."     (See  Q.  J.  Chem. 
xiii.    192,  which    contains  a  recent  digest,  by  Frauktand,  of 
principal  Ikcts  bearing  upon  this  subject.) 


O,  Kakodylic  acid. 

O 

O 


BUrocMOft  or  toe  metais  with  tbe  alcohol  USrcLSX.  SSl 


ri<!«-  is  ingcnioiM ;  indeed  it  contains  the  germ  or  tlie 
ofpolybiLtic  cleoi(3its  (921}.  Frnoltlaiid  lias  rccoitlf  sup- 
it  by  rc»««m^1ir*  which  Mecca  to  fhoir  that  a  basic  organic 
,  «acli  aa  methyl  or  ethyl,  can  be  aubstituted  for  oxjrgcn, 
M  stroDgly  electm-ncgatire.  TboK  he  has  obtaiued  a  diai- 
lie  acid  [J'llCjHJOJ,  derived  from  z  atoms  of  dcutoxids 
ageu  1  (SOJi,  iu  which  i  atoca  of  oxygen  has  Ijeeii  dis- 
br  ethyl ;  aud  clhylatrithioitic  acid  [S,(C,HJ,OiJ  may  be 
>J  w>  foriucil  from  3  molecules  of  Kutphuroua  scid  (S,0^» 
li  1  atoias  of  the  oxygca  hare  bceu  diapkcett  !>/  ethyl. 
bodie*  axe  produced  by  the  action  of  sine-ethyl  upou  deut- 
if  nitrogen  and  sulphurous  licid  rcsjHrctivcly  {Proceed,  lioy, 

metallic  compoinids  may  be  formed  by  rarious  pro- 
the  oioat  important  of  wliich  arc  the  followiug  :— 
Cocntiioatiou   of  tho  organic  radicle  in    the  nsitceat  stata 
metal,  as  iu  the  prc[>aratioQ  of  it)agni>siuni  ethyl: — 

Decoinpomtion  of  the  io<lidcs  of  the  alcohol  radicles  by   ru 

ibc   mrtal  with   |)otassium  or  aodium,  a«  when  stannous 

I  formed  bv  Che  action  of  staoiiide  of^odium  on  iodide  of 

StUJ*  «r  S^rotrietkyl.  B<0,HJ^  8p.  Or.  ^  LifuU  0-696 ;  ^ 

Jf'OiJimy  pciini    154^ — FrmikUiini   «nd    Dnppa   liavi>   rcvvcitty 

3^'  3'  5'iKt  olitninL'tl  an  iutcreatinj;  addition  to  ibiM  rlan.t  of 

idironvsiNJodiiiKtoborncio  bch).  iu  which  \\ie  thre«  itomg 

i-M  iiy  ^tiyl.  Itiia  colourlesa  liquid  whJcU UltM  liri!*i>oii. 

:  to  till-  nir.  Btiil  Icim*  <*ilb  a  lirautiftil  urcvn  flnniL'. 

rifiiwiiiK  h'>ra<3c  clhcr  by  mraiia  ofsiiic-oilijl,  miil  is 

'Liii.kiivB  irvn  the  aocctnjnuyiuK  etbylate  of  ainu  and  unaltered 

ZiiKktUtjI.  Bcrtpclbldn       Kihjlite  nt  t\ne. 

toni  V  !)>■  tbe  KrailunI  silminiiion  of  nir  into  *  flaxl:.  it 

'.  [t  1  O,    whicb  ia  dwompMoil  by  diatilktioa. 
_jmiMi  '  l>y«rBt4-r.aiiiliicoDtcrWialoB]cob>)l, 

ifofstilr     ^  ,    und  with  an  inteosety  sweet  taste:— 

aoa  uiidjxeil  body  B(C«Qt>,Oj.  ia  reicardud  tijr  Fraaklaiid  u 

ot  bt/rir  ilhryrtkitle.  Ita  coinpoailion,  bowoTCr,  doc*  not  agrva 

nt  (Itffw  >i"^iea  giTpB  abo*e:  for  no  oxidized  body  ofihi* 
^[■rnunilWr  to  point  to  tho  raiitcnt^o  of  a  rUu  of 
:aiii  ^  aloQu  vf  oxygen,  or  otlior  elecucat,  cor- 
i  Vi  titXK'.  eiilonc  and  anenlc  acid. 
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loiidtttijl.        MuB.  (Hliina.  SMmL-tf^L 


+  Sd 


{l>^^'hH 


C,H, 


3.  Action  of  organo-zinc  compounds  upon  the  lialoid 
pound*  of  II1C  mctaU,  as  in  the  prcp&ration  of  bjdrargo-me 
hy  the  action  of  zinc>inethyl  upon  corruaivc  sublimate  ; — 

Etap-nwlhjl.        CcF.  (oMIin.  Byilrwx°-*>*l^l< 


2"4c;II:^«^4c1="«4c:h^'"'[c 


4.  Displacement  of  the  motal  ia  the  orgaDo-metallic  compou 
by  another  more  positive  metal,    as  when  sodiuni-cthyl  in  for 
firoBi  ziuc-elhyl  bj?  the  action  of  sodium   upon   the  zinc 
pound : — 

In  order  to  illustrate  the  properties  and  mode  of  formation 
these  mnguUr  compounds,  a  description  will  now  be  giren  of  a  few 
of  the  oi^ano -metallic  bodies  into  tbc  formation  of  which  ud^ 
arsenic,  and  Kiitiiuonv  enter. 

(a)   Compounds  of  Zinc  with  Ihe  Alcohol  Itadiclet. 

(1025)  The  properties  of  the  coiaponnds  formed  by  noc  witk 
the  alcohol  radicles  arc  very  remarkable,  and  these  substances  an 
further  iutcrc^ting  in  connexion  with  tbe  process  of  isolating  ibe 
alcohol  radicles  themselves. 

Zi-sc-JIktuyl,  [(C,nj.Zn)j=95\^ ;  Comb.  Voi.  4]  ia  a  very  i 
rolatllc,  colourless,  transpnrcnt,  and  highlj  mobile  liquid,  nith  1 
pcnetratiiif;,  peculiar,  and  insupportable  oclour.  It  is  immcdialcljr 
decomposed  by  oxygen,  chlorine,  and  iodiue,  forming  eompoondi 
which  are  rather  unstable.  If  placed  in  contact  with  atmospheric 
air,  it  takes  (ire  instantancouBlir,  burning  with  a  beautiful  greenish* 
blue  ilame,  and  forming  vbite  clouds  of  oxide  of  tine  ;  in  ooutad 
with  pure  oxygen  it  burns  with  explosion,  and  the  presence  of  a 
email  quantity  of  its  vaponr  In  combustible  gases  gircs  them  tW 
property  of  Npoiitaueous  inflammability  on  admixture  vitlioiygd 
When  tlirowii  into  irater,  sine- methyl  decomposes  thia  liquid  viw 
explosive  violcncCj  attended  with  flume;  and  if  tlic  reaction  be 
moderated,  so  as  to  prevent  any  intense  elevation  of  tcmperattiK^ 
the  sole  products  of  the  docooipositioo  are  oKide  of  xiuc  tait 
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bjdridc  of  methyl  (mawb  gw);  {C,Tr^ii),+H,0,=a(C,H„H) 
tZD,0,. 

f  rankland  baa  sbo\m  tliatj  owing  to  Uic  intense  affinity  of  sine- 

■elhy]  forosTgeaauHchiorincit  in  pouible  id  certaJocaseKto  employ 

itforcilecting  the  substitution  of  luctbyl  for  oxj-gen  and  Tor  cbJoritie. 

In   order  to  obtain  zinc-methyl  in  a  stnte  of  purity,    iodide 

rf  metbyl  is  scaled  op,  with  an  excess  of  dry  grauulatcd  zldc, 

b  a  strong  glMu  tube,  dnvu  out   to  a  capillary  end,  uud  cx- 

pcaed  to  a  tcmpcraturo  of  from  300''  to  ,^20°  in  an  olUbaeh,  until 

ttl  th«  iodide  of  mcth^'l  bas  disappeared.       A  masa  of  white 

OTfttalu,  consisting  of  n  compound  of  ziiic-mctbyl  witb  iodidu  of 

Aic,  and   a  coloiirleaa,  mobile  liquid,  which  in  w no- methyl,   are 

Iku  (brtncd,  and  at  the  name  time  a  coustdorable  ijuantity  of 

pwooB  methyl  is  produced  and  confined.     Ooe  portiou  of  the 

Klaiv  of  nit:tbyl  la  oooTerted  into  iodide  of  stiiic  and  mctbyl, 

3  (C,H,i)  +  J  Zn  =  (CjIIpC^j)  +  3  ZbT,  ' 

bluUt  aootbcr  portion  yicbk  iodide  of  zitic  and  zinc-methyl, 

3  (C,?y )  +  3  ZnZn  =  {cX^Z^i  +  »  Zol.  ' 

it  lioc-methyl  may  be  obtained  by  breaking  off  the  capillary 
EOtity,  aud  allowing  the  iucludcd  gaaeoua  methyl  to  escape, 
the  liqaid  contents  are  acparatcd  from  the  eolid  oticfs  by  dia- 
ls at  a  gentle  beat  in  on  atmosphere  of  dry  hydrogen. 

(i02<5)  ZiNC-KTUYi,  (C,H„Z«),=  113-5 :  Sp.  ffr,  of  vapour 
4-359;  0/  li^id  ftSi  at  64*;  Boiling  pt.  344".  (Frankland, 
Phil.  Trana.  iS^f,-) — This  compound  is  a  colourless,  transparent, 
■ofaile  liquid,  which  refract!*  light  strongly,  and  ix  powcsscd  of  a 
ptesliar  powerful,  bat  not  di:^grr«sblc  odour.  It  is  not  solidified 
by  a  cobi  of  —  8*.  It  may  be  distilled  witliout  ohmige  in  vessels 
with  carbunic  acid,  or  with  hydrogen.  Ziuc-ethyl  is  Icaa 
imsble  than  sinc-mctbyl,  but  its  aflinity  for  osygcu  is  aufB- 
Btlj  intCDM  to  cause  it  to  take  fire  aa  soon  as  the  liquid  is 
|ht  into  oontjirt  with  that  gas,  or  witli  atmospheric  air,  when 
rksm  «ith  «  brilliant  blue  Hamc,  fringed  witb  green,  and  forms 
vhite  clouds  of  osidc  of  zinc.  If  a  cold  piece  of  glass,  or 
'pNcdain,  be  held  in  the  flame,  it  becomes  coated  with  a  deposit 
BCtelUc  zioc,  aurroondcd  by  a  white  ring  of  the  oxide  of  thia 
K  the  oxidation  be  allowed  to  take  place  more  slowly, 
uileobol  fC^II^OjZuO)  (or  ctbylate  of  zinc)   is  the  priocipol 
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product ;  and  this  mode  of  the  formition  or  zinc-alcoliol  by  tbe 
direct  combiualion  of  zitic-cthyl  wltli  oxygen,  U  cortaiaty  yetf 
remarkable.  Water  immediately  decooaposes  ziitc-cthyl;  oxide 
of  zioc;  and  the  gnscous  liydride  of  ethyl  (C,H^M),  being  1U 
result: —  H 

Iodine,  bromine,  and  chlorine,  decompose  zinc-etbyl  vitli  giS 
violence;  if  the  action  be  moderated,  iudidcj  bromide,  or  chlotfl 
of  zinc  18  (brmcd,  whilst  the  corresponding  coni[x>und  of  etM 
with  the  halogen  is  produced ;  in  the  cue  of  iodine,  the  reactfl 
nwy  be  thu3  represented  : —  ^M 

(C.H,Zn),  +  2  Ij=4(C,HjI)  +  a  Zul.  I 

A  nimilar  effect  i^  produced  if  zinC'Cthyl  be  heated  with  pa«dfl^| 
sulphur,  the  double  !iul])hidc  of  sine  and  ethyl  being  formed.     ^M 

y*r*7ifl»'a/iow.— Zinc-ethyl  is  ohtaiued  by  hcuttng  snhydrdH 
iodide  of  ethyl,  diluted  witli  an  equal  voIudib  of  auhydroiis  ctliffl 
(to  re);nlale  the  reaction)  vitb  tvriee  its  weight  of  nelt-di^l 
granulated  zinc.  The  mixture  is  introduced  into  a  scaled  fdfl 
tube,  and  licatcd  in  a  digester  to  about  266°  for  twelve  or  cigbt^| 
hours.  When  lar^e  ijnantitieJt  are  required,  the  safest  plaa  ufl 
conduct  the  operatiou  in  a  strong'  metallic  vcasel,  or  species  H 
digester.  A  fiill  description  of  this  apparatus  19  given  H 
Fraoktand  in  his  |Kt|>er.-t-  If  the  inutcrinlit  employed  for  the  ^H 
parntion  of  the  Eitic-cthyl  are  really  anhydrous,  very  little  pS 
niaiicnt  gas  is  produced,  but  if  nioi:;tui'c  be  present,  a  quantityH 
bydrido  of  ethyl  i»  funucd.  After  the  apparatus  has  become  c<^| 
the  permanent  (jaa,  if  any,  is  allowed  to  eacupe ;  and  tbe  iuac-et^| 
is  distilled  from  the  tuateriats  employed  in  its  preparation,^| 
Teasels  tilled  with  earbooic  acid  or  hydrogen.  Particular  mo^| 
of  mitnip Illation  are  ret^uired  during  the  diatitUtion  and  puriR^| 
lion  of  the  product,  in  order  to  prevent  the  access  of  air,  wh^f 
would  oxidize  and  destroy  the  eompound.  For  details  upou  tll^| 
points,  the  reader  is  referred  to  the  memoir  already  cited.  ^| 

(1 027)  AVaiiklyu  found  that  if  a  piece  of  liodiutu  lie  sealed  H 
in  a  tube  (previously  filled  with  coni  gns)  with  about  10  times  fl 
weight  of  7.iiic-ethyl,  in  the  covirse  of  a  fevr  days  the  sodium  H 
dissolved,  a  deposit  of  metallic  zinc  takes  place,  and  a  viscid  liq^| 
is  formed : —  H 

*  In  ord«r  to  d^privo  tlii*  mixture  complotely  of  moistim,  it  is  sgttal^| 

icilli  nlioiit  i)iii.>-tir«iiti<!tli  of  ite  weight  of  nnbjilraua  phmplioric  acid.        ^^t 

t  I'l'bal.  hoH-fVFT.  coaducu  the  operation  io  ordmary  glass  rt'iorts  S^M 

tritb  carbonic  acid  gas.  ^H 


inNC-BTIIYl. aiNU-AWTI-  ^^^^         US6 

i^  liquid  oonsisU  of  a  solutioD  of  n  compound  of  sodiuin- 
id  »ino-«thvl  0'ai(C,Ui)j  +  iZiij{C,lI,).],  dissolved  in  an 
f  siDc-etltj),  ai)(l  wlien  exposed  to  a  tenip«ruturc  of  33'' 
\  oyaUU  of  tbm  ooniponiid  are  depotiitcd;  ibfiy  (me  at 
3^.  Attirmpt^  tn  procure  BoiUum-etfayl  in  aa  iaolateil  state 
■nocessful.  Wlicji  tlie  foregoing  double  compoiiad  is 
H^Tolutina  of  gas  occurs,  and  on  alloj?  of  mhHudi  and  voa, 
b  carbooaccoua  rcnidiic,  is  Utt.  Whcu  cxpoicd  to  the 
cr^»Caia  iRStnnlljr  take  firir,  burning  ei[tlosively  vitli  a 
bfse.  Water  dccompote*  tlicm  irith  crohition  of  pure 
of  ethyl.  Tbc  reaction  with  c^LrlMinic  acid  11  capcciallr 
ble,  prtjptoDStc  of  soda  being  roruaed,  wbicb  combiucs  nilli 
•«thjr),  and  may  be  obtftined  in  n  separate  form  by  decom- 
iMoampouLd  wiib  water.  Tbc  rcuttjou  which  gives  rise 
lirauUion  uf  propiauic  acid  appears  to  lie  the  To)  lowing  : — 

ion  is  citrcmfly  iiilervstiiig,  since  it  jioints  out  a 

ming  the  fatty  acids  by  substitution  from  carbonic 

Sodium^mrtliyt  lias  Iwcn  fuuiitl  io  like  Timiiiier  to  yield 

'1,  and  sodium- amyl  «onld  probubly  furnish  caproatc 

_ :    14  retnaritalilc  thiLt  a  series  of  niDiiobasic  acids  arc 

lluanl  from  tbe  dihei^c  curhouic  acid. 

'lud    of   eiiic-cthrl    wilh    potasBium-clhyl    may    be 

■leftiia  nnalogoiu  to  thuse  adopted  for  procuring  the 

lnB|«ofiiid  i  and  there  cau  he  no  doubt  that  corre^pouding 

other  alcohol  radicles  coidd  be  procured. 
_  _.  -  /wy/ (C.^H„Zii)(. — This  Ijddy  is  obtained  by  de- 
Iw  iudtde  af  amyl  niib  xiuc  in  a  sealed  tube,  at  a  tempera* 
7l  forms  a  coIo«rlc*»,  trniisparcnt  iifjiiid,  nhicb  emits 
_  _;iidly  abaorhs  otygen  when  exjiOBcd  to  the  air;  but 
I  AM  ake  ftrc  spoutaueously.  Water  decomposea  it  into 
■  liar  mad  hydride  of  amvl : — 

^  Zii,\CuUii)j  +  UA=.aC,„Hi,H  +  ZnsOr 


iCampotiHiit  tif  Artenic  with  the  Alcohol  Hadklea. 

(umu  with  iho  mIcoIh)!  radicles  three  classes  of  com- 
h  luvo  bocD  tninutcly  exaiuiucd  in  the  methyl  and  in 
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1.  AnnlMnnirthyl     0,U|  ^      <  (|C,lm,A>] 


[  AnnUadlHlQl  1 ,-  „  I 
'  AnnlointU}'!  ,  C^tti 
'  OiU*  of  Anratt- 1  (1  n    ul 


(iC29)  ICakddtl;  Artemodimetk^t  [(C,FT,),Ai], 
=  2io;  C'om6.  pff/,  4;  Sp.  gr,  of  tapQvr  yt. — *] 
i»olulC(l  forru  \%  more  property  rugiinlcd  as  knlioclj 
It  is  SD  oxtremely  paieouoiiit,  calourlesH,  viscous  liqui 
lliau  water ;  it  emits  fumes,  ant)  takes  lire  »puDt«iieai 
cxjKJwt)  U>  the  nir.  ItM  vapoiii>  bavc  n  ditsgusUttg 
tiduur.  Tbo  boiling  point  of  kakoilyl  is  abmit  338^ ; 
iKTComes  solid  nnd  ciystallizce  in  Mjiiare  prisma.  It  is  ot 
eolultlu  in  water,  but  is  riMulily  (lim^ulvcd  by  nlcxihol  wat 
AVhcu  heated  to  about  750''  it  is  entirely  deconipoBcd  in' 
arsenic  and  a  gaseous  mixture  consisting  of  2  voltuna 
gas  aiid  I  volume  ufcilcliant  gas. — 


(C,H,A«), «  Aa,  +  aCjH.  +  C.H,. 
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Kakoilyl  bums  in  oxygeu  with  a  pale  blue  Qame^  pfxidtM 
will)  cai'bouic  and  arsciiioiis  acida :  but  if  ataiOK{ibii 
admitted  bubblv  by  bubble  iuto  kakotlyl,  wliito  fumra  « 
and  oxide  of  kakodyl  [{CjH,A»)0],  is  the  result :  an' 
osygCD  couverta  it  into  kakodyiic  acid  (CJI„\s]0, ;  I 
supply  of  oxygen  be  insufficient  to  complete  this  cbangi 
late  of  kakodyl  (C,H(Ab)0,  <C»H^As)0,  (binoside  of* 
produced. 

The  remarkable  peculiarity  of  kako<1yl  is  its  powi 
uniting  directly  vith  oxygen  ;  and  it  exhibits  a  aioiilt^ 
to  combine  with  sulphur,  chlorine,  &c.,'  in  this  nuuui< 
forms  the  part  of  a  simple  metallic  body,  since  tli«  ^kM' 
(which  may  be  reprcMiited  by  the  abbreviated  ayinbol  Kr 
of  being  aubstituted  for  hydrojcc"-  The  diueoTcry  of  |i 
pound  iu  an  i&otatcd  form  tmcrcised  an  imimrtaiit  influi 
Ibfi  development  of  the  theory  of  organic  chcmiiitry,  aajj 
the  finit  instance  of  nhat  iras  then  rex'irded  a«  the 
organo- metal  tic  basyl ;  although  other  bodies  mnre 
^aiis  to  it  iu  tliia  respect  are  no*  known.  Moct  e| 
ever,  have  now  agreed  to  double  the  formula  for  ka 
it  loMB  its  iniporlnnce  a*  a  radicle,  the  progress  of  1 
rendered  it  prohubie  tbat  all  the  cvmpoubdii  fome 
iM>lati.-d  rndiclca  are  cotubinatioQS  of  those  railtclca 


E 


obtaiacfl  bv  Bunscn    from  its  cUloHde,    whicli, 
with  fragiiK-tits  uf  |$r:ii)ulate<l   ziuc,  is  (iccutnpOMMl  -, 
iuc   being  rormeil,  vlulst  [lure  kakodyl  it  libcrausl. 
cmployeil  for  this  jmrytoac  must  bo  quite  uihydroua, 
>m    *>itd«  of    kakcKlyl.     AlWr  digeiition 
ted  hyiirocUloric  acid,  Uie  chloride  i»   Fio-s^r. 
(1    for  several  days  upon  fiagmcots  of 
d  cbluridc  of  ralcium.     Tb'n  piintication 
:e  niiut  be  effected  io  a  bulb-tube  of  the 
ill   fi{f.  361,   llio  (juicklimc  and  chloride 
<i-ing  dnt  introduced  iuto  the  biiUi. 
low  to  avoid  Uie  contact  of  air  with  the 
,1,  a  current  nf  dry  cftrbonic  ndd  gas  is 
the  fine  ttibu  a,  in  order  to  di^iilacc  the 
mir  oomplctdy,  and  tbc  mpillaiy   tubes 
ben  the  cliloridc  of  kakodyl  is  to 
I,  the  point  uf  the  capillary  tube  a  is  cut 
of  a  caoatfbouc  lube  it  is  couoectcd 
synn^^e ;  the  tube  t  ia  thcu  opened,  aud 
into  the  lii^uid   chloride,  which   by    the 
tbc  lUAtoa  ia  drawn  into  the  bulb.     The 
<u  must  be  effected  in  an  apparatus  similar 
u  ill  6g.  3^3.     The  tine  hnving   lirot  becu  pluced  iu 
the  apparatus  ia  to  be  tilU^d 
,jc  acid,  aud  a  portion  of   the  *''®-  3^*- 

ksdtodvl  is  admitlwh     The  ca- 
are  thRU  aealed,  and   heat  is 
c   bulb  fit  which  acts   as    a 
M  the  reeoivcr.     The  sino 
iW  diasolred    without  ftuy 
wben    the    actioti    has 
toa    i«    nlluvrcd    to   COol, 
tnbe  at  A  ift  opcDcd  oudcr 
the    btdh    ta    Ihoii    hi:atcd 
a   portiott  of  the  carbuiiio 
enu»i   ■«  the   apparatus 
hich    the    capillary    tulw    is 
bv    iiiclituujf  the    tulx^j  the 
to  set  upou  the  crj-staltised 
bolb  a:  it  thus  dissolves  tbc 
IC,  1ca*'»M;  tltcr-xocfis  of  iQcullic 
OBliog  knkodylidc  of  kakodyl 
^       oily  fluid,  which  u  tmusferred  to  a  bnlh-tulie 
«  2 
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or  Uie  form  of  Hg.  361,  tbc  bnlbliaving  been  prevu 
clilundc  of  cnltiiam,  and  the  air  dUplnccd  h>'  mea 
acid,  in  the  manner  already  described  :  hero  it  if  <1i 
krrrA  to  the  bulb  H|i]iara(iu  (lig.  ^f>i).  aud  rectifif 
portion  of  zinc.  Kakorlyl  may  abo  be  obuined  by 
mercury  npon  auljihidc  of  kakoilyl. 

(1030]    CoHijtovtids    tierirvti  from    Kakodt/l. — 1 

scribed  a  large  iiuubvr  of  co[ii[)oundii  of  kakotU 
more  imiiortant  arc  thi;  folloiniig ; — 

KakodylHinVo'lvlidcorknliodjl).    .    .    .  (C.H^l 

O«idsofl.al™!j'l [(C,H.A«)( 

Btiioiidf  of  knkoJ]:!  (lako<]yl«t«  oDubodjI)  (r, 

.Siili>lui(<'crkiiti<Ml;l [|C,:: 

Enkodvlicarici UO.^t 

KHkridyltIO  ufailTM' AttO.M 

Protosiilpliideofli-kodrl      ......  r(C.II,.4in: 

Bi»u!pl.t Jr  of  kakctdjl (C.U,A-)^ 

'rpmil|J>i<l<^orkakiKljl  (aulplioVakodylio acid)  (C,n,.A>)S^ 
Sulpbokakodjlatc  or  silver  ......      Jlt!^-<^'|tii 

ProtncIiloridHofkakodyl (C,IT.A«)CT 

Terakloridcorkskodvl (CJI.Aii)O 

OxjcUoride  of  kakodji (C.H,A.}0,\ 

llydrorgtt.oxyrlilinndeofkakody].    .     .    .  (C^n^AsO^^ 

Oxide  of  Kakodyl  (C^H,As,  O),  :  Sp.  gr.  t^  vopiMC. 
preparation  of  the  coaipoumU  of  kakodvl,  oMitii;  toj 
btlity  of  manjr  of  tlicm,  and  tltt-ir  tiiglily  |ioiM>iio4 
both  difiicnlt  and  daiigurOiu.     Oxide  of  kakudvl ' 
form  coll^tjtutci(   the  horribly  foetid,  spontaiicoue 
liquid,  fornicrlv  known  11s  Ctnifi't /umiity  iiyuor,  orl 
is  obtained  by  tlio  distillation  of  a  mixture  of  equi 
ucclatv  of  potash  and  ar»ciiiui>A  acid.     The  r«cctver1 
lo  the  neck  of  tlie  retort,  mid  fiiniish^-d  wttli  a  ti 
DJf  tbe  gaE«ou8  producta  iuto  the  cbimiuj ;  the 
be  heated  by  a  sand  batb,  the  tompcniturc  of  whij 
rained  to  dull  rcdDem.     The  dixtillc-fl   liquid  »ef 
layera;  the  lover  one  ouuaista  of  arseDtc;  above 
oity  liquid,  composed  cblHly  of  a  mixlurr  of  impt 
uiitle  of  kako<\vl;  and  nljo^c  tliiH  In  a  miiiuro  uf 
and  aeotk  acid.     A  copious  disL-ngaj-nnciit  of  cil 
nf  marsh  ga.«  acnnm|)anirs  tbc  oprratioti.     'Die  str 
(oxide  of  kakodyl)  ia  diawu  olf,  by  mouns  uf  n  ayi 
boiled  water,  iuto  a  flaek  also  filled  with  tbe 
which  thL*  loiijccr  limb  of  the  Mjihou  in  jt         ' 
prcV4;ntin(;  the  cxtiitut.-t  nf  thu  atr  with    thi 
It  ia  itanht'd  with  bulled  trater,  and  then  rectilied 
potub  in  B  current  of  hydrogm ;  air  ia  thro  gt 


|AtU*b*,  so 
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Uu>,  flofficieatly  Uowljf  to  prevent  it  from  taking  fin*. 

Bl  tbiti  ot»uiiicd  coiiM»t»  of  a  mixture  of  the  oxide  of 
ftil  kakodrlic  Mnd;   it  is  dissolved  iu  water  Mid  diltillctt. 
quMiitity  of  water  Iiaviug  the  odour  of  k&kodyl  pasM^ 
ntd  wlieii    till!  teiMperatiire   rise*  to  248°,  Oie  oily  liqtiul 
Ui4il»  u  nearly  pure  oxide  of  knkodyl.      A  secoud  reclifiwi- 
^caustic    baryta,  in   vetuteln  from    which  iiir  is  vxcludcd, 
Uie   compound  in  u  Ktate  of  iiurit;.     All  thcM!  o]>(;ra- 
bv  conducted  with  the  greatest  |io6sil}le  care,  and  with 
>u    of  s{)eda]    iireotutioiis,   on   ncvuunt   of  the  deadly 
ie  Taptxin.     l-'utl  pariitnilan  upou  all  these  poititH  an- 
lansc-n  in  thi:  tnti-roting  aud  (ciuarkable    furies  of 
licli  lie  ha3  published  iipoit  the  m>iii pound h  nf  kakodyl 
IVKtires.     These  papers  are  worthy  of  uaroful  study,  as 
luicy  aud  prmsion  iii  the  prosecution  of  a  rrxcarch 
lOMinl  dilliculty  and  ihtngur  (Liehig'a  jitifial.,  xxxvit. 
^4;    nnd    xlvi.    1).     Oxide  of  kakodyl  i«  a  coluurlesn, 
liquid,  endowed  irith  a  penetrating  odour,  and 
lafaunt   3^^";    it  U  iii!>o1uhle   in  water,   biil   soluhle  in 
|l   hIowIv  alBorhs  oiygcu   from  the  air,  and  comhinea 
to  form  salts:  tlic  sulphate  crj-fitallizcH  iu  radiating 

r  kakotlyl  also  comhinei  with   the   electro-negatirfi 
h  fuHity.     If  au  alcoholic  solution  of  oonosive  sub- 
tle mixcil  with  a  dilute  solution  of  Cadet's  liquor  in  nlcoho], 
at  white  prtfeipilatfi  in  formed,  and  the  iutolci'ahlc  odour 
diuppeara  cooiidelely.     The  precipitate  if  coUfctcd, 
QO'e  the  adhering  niollicr-H<]Uor,  and  rcdls^olvcd  in 
f,  ia  deposited  in  well  delined   cryt>tid)i  (C^H„A*0)j, 
I  The    nady    fonnation   of  this  cryttiilliuc  conipouod 
af  the  best  means  of  purifying  the  crude  comjioundft  of 
When  this  mej-cnrial  ronijjouiid  i»  distilled  with  con- 
'  hydrocliJoho   acid   it    furnishes   chloride    of    kakodyl 
fip.  gr,  of  vapQvr  4*36]  in  the  form  of  a  colourless 
»1«  at  ahout  31 2*^,  ami  rciimiiiK  liiiuid  at  a  t^^mpcm* 
It  tak«s  (ire  tpoDtuuvously  iu  the  air,  aud  iu  an 
of  cMorine ;   in  the  latter  case   depodting   carbon 
Ita  (vpunr  is  »lill  more  delelerioiiii  than  that  of  the 
Ie  i»f  kakodyl  ts  iusuluhte  in  water  aud  iu  ether,  but 
ut  alouhot.      Iodide  and  brom'tdt:   of  kakodyi  may  be 
r  tn-s^ing  the    mi:ruurlal  ount|iuuiii)   with   hydriodic  or 

add. 
'•J  •iQ^i)*fgr  (rjij.\8,C,N;  or  KdQy)  Sji,  gt:  (ff  vapour 
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4*63;  Boilingpt. 284". — ^Thn componnd  showtaremarkable tendettcf 
to  cmtaltiKatioii;  it  appcara  to  bu  the  mustdeadlj  compound  of  tba 
wfaole  series,  a  siugle  grain  dlfTused  in  vapour  through  a  roon 
lipin^  sufticient  to  produce  tiuiiibiic>«  of  the  handii  and  (eH, 
vertigo,  and  rvcn  syncope,  in  those  exposed  to  ita  eOecte.  II] 
may  be  obtained  in  brilliant  prisniB  wliidi  fuse  at  9r*',  b^ 
d«!on)po«ing  a  coui?piitratod  soliitiou  of  rynnidc  of  nicrcaif' 
with  oxid<!  of  kakodjl,  and  rectifying  tlu:  crystals  over  cauatic: 
baryta, 

Snlptiur  comliiucs  nilh  kalcodyl  in  tbr«c  proportions ;  l&e 
pfoiosulfihidf  of  kakodtjt  (KdS),  is  a  coloiirlcsA,  very  foitid  liquid, 
vhich  ab(wrl)H  oTcygeii  rnjndly  from  the  air.  Itn  Iwiling  point  il 
iihorc  2tl°,  and  it  emits  a  vapour  of  sp.  gr.  7*81.  It  ie  mdily 
Dohihle  in  alcohol  and  in  ethpr  :  it  combine*  easily  with  an  addi- 
tional qtiautity  of  aulplmr,  and  becomes  converted  iiito  the  »o1id 
bisufphidf  {KAS,^)^.  The  Urtitiphide  (KdSj)  possee^cs  the  proper* 
tieK  of  a  Hulphur  acid.  If  an  alcoholic  solution  of  the  prolo* 
fulptiidc  be  mixed  with  an  alcoholic  »oIutiuu  of  uitrfilc  of  copper, 
octulicdrnl  crystals  of  adamantine  lustre  are  deposited ;  ihcy  tit 
permanput  in  the  nir,  and  coimirt  of  «  double  sulphide  of  kakodji ' 
and  cupixT  (C^fl^AsS,  CuS).  The  protosulphidc  of  kaVixlyl  may 
he  obtained  by  dititilliiij;  Cadef's  Uijiior  with  sulphide  of  barium. 

Kokodyiie  acid  (IIO,  C,ilgAs,  OJ  crj'stallizcB  in  oblique  pqui* 
latcrul  prtKnis  whirti  arc  soluble  in  vatcr  and  in  alcohol.  It  i» 
rcmarkahlc  that  it  nppcar>t  tn  posftCKS  little  or  no  poiHrnous  action 
Upon  the  animal  system,  seven  grains  of  it  having  been  iiiJ4'ct(d 
into  the  blood  nf  a  rabbit  without  prodtteing  any  marked  cQtct. 
It  is  a  weak  ncid,aitd  decomposes  the  carlx)iiutC!«  slowly.  Its  salt*, 
with  the  exceptiou  of  tlic  silver  salt,  cr%'st^li&e  with  dilScul^. 
The  acid  is  easily  obtained  by  treating  oxide  of  kakodyl  with  rtil ; 
oxide  of  mercury:  metnlUc  mercury  is  reduced,  whilst  the  acid  ik, 
dissolved. 

(1031)  ABsKNioDtETnrL  (C^H,,A8)j=[(C^H;),A»],  forms  « 
series  of  corapoutids  parallel  to  thoec  of  kakudyl,  but  il  does  DOC 
so  i OS tauta neons ly  burst  into  flame  on  exposure  to  air,  aitd,  gene* 
rally,  its  afhiiitie*  arc  somewhat  lets  powerful.  I 

(1052)  Akskxidtrimktkyi.  [(CjHjIjAa]  corresjionds  in  com-' 
position  with  the  anulognus  conipoumi  of  the  ethyl  aeries,  whidi 
has  been  more  completely  esuniiucd. 

AiisBMOTftiBTHVt  [{Cj(Ui,iA8)  =  (C,II^),A8]  J  SjB.  gr.  ofUqmd 
•"151  j  "J  ""pour  5*178. — This  is  a  fuming,  colonricas,  mobilfl 
liquid,  of  high  refracting  power,  with  the  oppressive  odour  of 
arscainrettcd  hydrogen.     It  is  soluble  iu  alcohol  and  in  ether,  IwC 
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taier.     Il  begins  10  boil  at  384'  ;  bat  it  underROce  partial 

■ilioa  daring  distil Ulioii.     It  docs  not  uhuiiIIjt  take  fire 

•lire    to  the  air   unlmu  gcittly  heated,  though  it   niiiwlly 

aiygon.      It  also  becomes  grinlually  oxidiicd  if  iu  soiu- 

Ibcr  be  exposed  to  tbe  air  ;  and  it  tiicii  producer  a  liasc, 

Aa  OJ,  which  rtrfjiiin;*  two  atoms  of  a  monobasic  acid  for 

llioti.      A  atil{iliide,  cliloride,  aiid  iodide  may  be  obtained, 

iirluch  coiilaiti»  two  atoms  of  tbe  elcctro*D^alive  lody  to 

li(>tricth\  1 ;  the  iodide  hnving  the  formula  (C^H JjAs,  I— 

lijl  is  obtained  by  the  action  of  iodide  of  ethyl  upon  nti 

tic  niid  eodiiim  ;  under  these  circumstances  it  is  aoooro- 

arM'nio<)t(.-thyl,  from  which  it  i»  »ci>aratcd  by  distillation  j 

com)koaad  bcin^  the  less  volatile,  remains  in  the  retort. 

itiotts  must  he  performed  in  Te»set»  filled  with  carbonic 

Tlie  roTn[i()iind.<(  of  nraciiiotrictbyl  Imrc  tbe  closest  analogy 

of  itibiotriclhyl  (1035). 

OXIDK  or  AaSKKIOTETRETFirLltrM  [(C,H(),A»,  O],  HO. 
ictbyl  Ijc  treated  with  iodide  of  ethyl,  it  combines  with 
a  ncvr  compouiid,  which  has  been  termed  iodide  of 
tltylium  [(CjHJ,A»,  I].  It  may  be  crystalliaed  from 
fn>m  alcohol,  and  wbca  its  aqueous  solution  is  treated 
of  BiKer,  iodide  of  silrer  >«  formed,  while  the  oxide  of 
lylium  is  obtained  in  wlalion.  It  may  be  procured 
I  of  B  white  bydratcd  solid  by  evaporation  in  vactio,  and 
litiory  ammonium  basc^,  it  prcscnls  the  propertieR  of  a 
ud  eaii&tic  alkali.  It  forma  crystallizablc  Halt4,  ubicb 
il  contain  1  atom  of  a  tnonobaaic  acid. 
titig  kukoclyl  with  iodide  of  ethyl,  on  iadtde  of  antcniodi- 
fBiim  rfC,nj^{C,H,)jAsI]  i»  formed;  from  which  the 
.H.),(Cji,),AaO]110,maybc  obtained  by  tbe 
....  *ilv«r.  A  oorrc» {Wilding  cooijMjund  coiitaiiiitig 
CjHjjjAal]  may  be  obtained  by  substilutins  iodide 
Jidr  of  ethyl  when  acting  upon  knkQclvl.  Tbe  attempts 
onnitdizcd  c<ompaimd  metxl*  uf  the  form  of  arsenio- 
[(C^HJ.As]  have  as  yet  been  fruitless. 


CMa/rowtdt  tff  Antimony  leUh  the  Atcohot  RaditU*. 

:  aloohol  dcri  vntivcA  of  antimony  have  been  carefully 

■■"'C  and  Scbweiier  (Liebij^a  A»naien,  \xxv.  315), 

loviii.  91,  and  Ixixiv.  44).     No  compnunits 

[:«(>audinic  to  the  kakodyl  series  bare  been  dis- 

analogous  to  tbv  second  and  third  class  of  the 
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U  bcgiuB  to  boil  at  284"  ;  but  il  undei:fO(»  partial 
ilioQ  during  diaiilUCtou,  It  iloe«  not  usunlly  take  6re 
re  to  the  air  uolcM  gently  heated,  tliouglt  it  niiiidl^ 
cixv^cn.  It  aim  Ihxorics  gradually  oxidized  ir  its  wtu- 
«thcr  be  oxpoaed  to  the  air ;  and  it  then  prwluccs  a  base, 
'**,],  which  requires  two  atoms  of  a  mAiioliaAic  acid  for 
.1.  A  Bulphidc,  chloride,  and  iodide  may  be  obtaiued, 
t  which  coiit^un*  two  atoms  of  the  cIcclro-D^ntivc  body  to 
arveDiotricthyl ;  the  iodide  having  the  formula  (CjTIj)^Aa,  Ij. 
DtrieOiyl  is  ohlninctl  by  the  action  of  iodide  of  ethyl  upon  an 
F  aTveuic  and  aoditim ;  under  thcnc  circumatancea  it  >!•  avcom- 
hj  arM^^nio<lirlhy),  from  which  it  is  separated  by  distilUtion  ; 
Rer  coiupuuud  being  the  le-u  volatile,  remmnn  in  the  retort. 
opcmiions  must  t>e  performed  iu  res^lv  &llcd  wilb  carbonic 
^L  T\'  "HiiiUof  ancniotricthyl  have  the  closest  analogy 

^k  n;  iripthyl  (1035). 

^b}  Oxide  op  AadENioTETBETuixiVM  [(C,H^)^Aa,  O],  HO. 
^Pbicitrictbyl  he  treated  with  iodide  of  cthvl,  it  combiiK-H  with 
^nns  a  iiew  cntnpoaiid,  vtiich  haii  hi3en  termol  iodide  nf 
MetiTtliylium  [(C,Hj)iA»,  I].  It  may  be  cryrtnllized  from 
lOr  from  nlcohol,  and  when  its  a^iucous  solution  is  treated] 
Mdde  of  silver,  iodide  of  silver  is  formed,  while  the  oxide  of 
UetfctliTlium  is  obtained  in  Holntioo.  It  may  be  procured 
|v[o  of  a  white  hydrated  solid  by  evaporation  in  i'ocho,  and 
^Brdiiiary  ammoDium  ba»e«,  it  presents  the  properties  of  a 
Huid  caustic  alkali.  It  forms  cryuallizahle  salts,  which 
Huml  contain  1  atotn  of  a  monohasic  acid. 
Hreating  kakodji  with  iodide  of  etliyl,  nii  iodidf  0/ arimiiodi- 
W^Gum  [(CjH{),{CJIs],AsI]  is  formed  ;  from  which  the 
■  oxide  [(C,ll.].j(C^Hj^AaO]UO,  majiw  obuincd  by  the 
Hf  oiide  of  mlver.  A  corre<pouding  compuund  containing 
B)l,,U„1.(C,tlJ,AsT]  Duy  be  obtained  by  sub»titutiug  iodide 
■f  -  '' Pthyl  when  acting  ujwn  kpkodyl.  The  attempts 

■c  ■  ii!i7cd  compound  mrtaUof  the  form  of  nrsenin- 

■fsD  [(CfHj^As]  hare  as  yet  been  fruitless. 

H  OfagfOUfult  0/  Antimony  with  the  Atcohot  Radiekt. 

K4]  The  alcohol  derivatives  of  antimony  hare  bocn  carefully 
Hi  by  Kowig  find  Schweizcr  (Licbig'ii  Annalm,  Ixxv.  315), 
^HAmlolt  {fh.  bxviii.  91,  and  lixxiv.  44).  No  compounds 
Hiony  corresponding  to  the  kakodyl  series  haw  been  dit- 
^B  but  tbtxsc'  analogous  to  the  sc^-uud  and  third  claSS  of  th<l 
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It  begiiu  to  boil  at  984**;  bat  it  nudergoes  jiartial 

lition    duriu|^   tliatilktioii.     It  docs  not  usunlly  take  lire 

>uru    to    the  ttir    unlcu  geiitljr  boated,  tltougli  it    rapidly 

'  oxygen.       It  al«o  beoomcs  gradually  niidimi  ir  tu  solu- 

Jicr  be  exposed  to  tt>c  air ;  and  it  then  producra  a  base, 

^A<OJ,  which  re()Utre»  till]  ntoniM of  a  monobasic  ncici  for 

A   sulphide,  clilutiilc,  and  iodide  m&y  be  obtained, 

wbtrh  contains  two  aioios  of  tho  clcctro-negativc  }toij  to 

niotriotlivl  ;  the  iodide  linviii^tltc  fomuda  (CjlIj)jA»,  I^ 

rirthyl  b  ubtaiuvd  by  the  actiou  of  iodide  uf  ctliyl  n|>OR  an 

[wKuiic  anil  sotlinm  ;  ander  thc»c  circunutanccs  it  is  aocom* 

;nio*Urrthyl,  from  wbltl)  it  is  Nr^jiaratcd  by  dtHtilla^on  ; 

leompoaad  being  the  less  volatile,  remains  in  the  retort. 

Ktioun  miist  lie  perfbnned  tu  tcmcIs  filled  wilb  carbonic 

Tlir-  rnttiitotiiiiUof  araentotrietbrl  hare  tJie  cloHeat  analogy 

of  ktibiotr Methyl  (1035). 

OxiDc  or  Aa«r!»ioTrraETnrLn:ii  [(C^HJ^Aa,  0],H0. 
rielhyl  l>c  tmted  «ith  iodiilir  of  ethyl,  itcombttiMi  with 
a  Dcw  HHDptxiud,  wbicb  baa  beea  termed  iodide  of 
lylium  [(C.ll^.Aa,  I].     It  may  be  aywInllirfH   from 
olcvbol,  and  wbrn  its  aqaeoui    solutvm  n  treated 
of  ailver,  iodide  of  adver  m  femted,  while  the  oiide  of 
T-tbylium  u  ohtaioed  in  nlatioa.     It  may  be  [irocarcd 
•■  form  of  a  white  bydrated  wCd  by  evapofatioa  in  vormo,  and 
:  onliaary  amtooaium  ba«w,  it  presents  At  propertiea  of  a 
and  catiatic  alkalL     It  fcnns  orKalliiaUe  «ltt,  «btcb 
il  cootaau  t  atmo  of  a  ■oBohMMC  add. 
[  tf««ting  kakodrl  with  lo^de  of  ethyl,  ao  ioAJt  vfmrmmi&dl 
Hkflimm  ffC,HJv:C,ll^^n  "  tarmtd;fna  which  the 
n,',iCjIV,AiO]HO,H7be  obtMimoi  bjihe 
..:hcr.     A  cpnuj— iim  eoaponad  eoataiaia^ 
Jl  ^t\jiT]  may  be  Bhtiiaej  by  sabatitBtiag  JodUe 
liar  twlidcof  ethyl  wbeoactafifDBkahodji.  Thci 

'I"- t\i>li2ed  rompotmd  ^twh  ef  the  famcf ) 

,Hi).A*]  bate«ay«hec 


>Comp<Haul$  0/  Anlim(mjf  ntt  At  AfgwUI 

The  aloobol  dpriirativM  gf  aaa^Hay  hai« 

br  Lowig  and  Scbweixer  <iaih  .-■    * 
ioU  (/£.  Usriii.  91.  and  he 
oorrcspouding  to   tbc  fcaharfg.  mna  ha 
:  those  snnliivi>i)s  to  tUc  aMaaa  Mtf  t&srf 


23S      COMPOVKDB  or  ANTIllOMY  TTITD  THK  AlXOROt. 

arsenical  componinds  hare  bceii  «todied.     The  fuUc 
principal  coinix>uii<l«  with  tactbyl  nud  with  cthjrL  vhioh  j 
to  the  second  seriea  of  the  araooiral  compoantU  : — 

StiUwlrinu'lliyl     .    .    .  C,  H,  Sb  =  (*"  " 

Oxi^c  of  fliibiotrimclhjl  C,  R,  Sb.fl,  =  li 

Sulphide  ..  C,  U.  Sb.S.  =(Ci<l, 

CWoriJ*  „  C,  H,  SU.Cl,  =  (C,H^ 

Solphue  ..  C,  II,  SIp.O„    S,0,  =  (C.hX 

Nitiste  „  C,  H,  Sb,0^3  >0,  =  (C,n,.,i 


Stibiotriethfl   ....  C„H,tfib  tK(C,H,> 

UxiiiKofitibiolrieihjl  .  C^H,.Sb.O,  =  (' 

8i.I[AiH«  ..  C,;h,.SI..S,  =h 

Chlurido  „  L'l.Hjj^ib.Cl,  =|l 

Siilplwto  „  t'|Ill,jS»i.<\.     S,0,  =  0 

iiiUale  „  C.alluSb.O,.  a  >0j  =  lC.U»,,^ti,l 

The  radicles  xtibiotrimethyl  and  Etihiolriethjl  nt  1 
kIadcc  eccm  to  re»ciublc  aiumouin  in  coinpo^itiouj  since  t1 
respond  to  antitnoninrcttfd  hydrogen  in  whivh  tbc  tint*  1 
hydrogen  have  been  displaced  hy  methyl  or  by  etliyl,  b 
eDtiroly  differ  from  Ammouia  in  tlieir  itioile  of  conibiii«tio 
of  tlitMC  bodim  forms  sn  oxide  with  two  atomii  of  oxy|| 
this  oxide  reqiiircfi  two  pi]uivalents  of  hydnKhlnric  or  I 
itcid  for  its  Mturatiou.  FraJikUnd  viena  attbiotricthyl  u 
prcccntAtive  of  the  oxide  of  antimony  (SbOj),  in  which  I 
atoms  of  nsygen  have  lieeii  displaced  by  au  ctiual  aomlKT  ci 
leots  of  ethyl ;  tbebinosidcof  stihtotrielhyl  reproieiitiogu 
ncid  (SbOj,  Oj).  A  similar  cxplftoation  mny  he  spplia 
corresponding  compouDda  of  aneaic,  aneniotnethyl  nnd  i 

Antimony  alao  forms  a  second  class  of  or|;ano-metal 
pounds,  tlic  methyl  scriw  of  which  is  represented  as  fblloi 

Oxid*  of BliWoWrsmctbjUum    C,n,,SbO  =     (C.Ii.l.SbO 
Salpliide  .,  CJI.jShS   =      <r.f(,>.8».!* 

Chloride  „  C,H,;8bCl  = 

Snl|>htut  „  3 

&iaul]>liale  ,. 

Vilnte  „ 

Tills  group  appear*  to  correiipond  exactly  with  the  aa 
Mines,  »itb  nliich  indeed  it  prewnts  the  most  strikiug  an 


M 


(t035)  SriDETnYL,  or  Siibiotriethffl  [(C.HJ^Sb] 
/JTUtf/  rj34;  of  ivjnttr{  =  4  ro!a.)  7-438;    Boiling  fttT^ 
order  to   procure   •tibiotrietbyl,  au  olloy  of  sntiitiuny 
sjum  must  bo  prepircd  by  hcntiog  a  mixturti  of  4  p. 
dered  uitirooay  and  5  of  crude  tnrtar  in  n  covered  CS' 
alloy,  after  being  rcdotMid  to  ponder,  is  to  li<>  mU 


J 
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i  weight  of  uliceou*  siand,  a.oA  placnl  in  a  retort  with  iodide 

Tbo  ujieraliuu  must  bu  i>uii(luL'to<l  upon  email  qiutitities 

'lime,  nud  ia  in  umoNptipre  of  carboaic  acid :  it  requires  a 

of  miLiiiti'  ^n-cautkitiK  (Ix)vrig  sod  Scliwcizer,   /oc.  n'/.]. 

Ib;l  is  a  huavy,  limpid  liquid,  with  an  inaiipportabli^odoDr 

It  is  insoluble  in  water,  but  very  wlubic  in  atcobot 

-■'  rr.      Wbcn  n  glns«  rod  i»  dipped  into  pure  atibiotrietbyl 

J  to  the  air,  the   li^iuid  emiu  ileiij«  while  tumr«,  and 

fire  in  a  fcir  momeDlA,  liurniiig  with  a  white  luminous  flame. 

'■  '  *\vl    di'<ncnpaiicis    conu-n crated    hydrochloric    acid; 

■^  liliL-rated,  whilst  bidiloride  of  utibiotriethjl    i« 

[■•  ft  bcaTjr  iriwlublc  oil. 

bimo^de  i>  ubtainvrl  by  sctini;'  on  atibiutiiothyl  with  red 

morcDiy.      It  forma  a  iiacou»  trauspareiit  liqitid,  Koluble 

ttoci  ill  olcobul.     Thesoluliou  baa  a  very  bitter  taatc,  but 

■ot  ap[M:ar  to  Ite  |>ot»onou«.      It  is  Dot  volatile,  aud  roros 

icfa    cnyfitallixe   with  difficulty,  except   the   nitrate,  which 

mtiful  rhomboidal,  readily  soluble  crystals,  which  melt  at 

lew  liquid,  and  arc  decomposed  with  detlagratioa 

Upktde  of  StibiolrielJiyl  [{CJI J^  Sb,  SJ.— If  alibiotrietliyl 
Iphur  Ik;  mixed  tiiiiler  water,  they  enter  directly  into  com- 
antl  grrat  hrat  is  evolved  during  the  reaction  :  the  corn- 
soluble  ia  Hater,  and  may  be  obtained  in  crystals  ou 
tu.     Ttiis  mliitiou    ithen    mixed    with  solutions  of  the 
Mlt»  prc-ci  pi  twites  the  metallic  sulphides  (just  as  sulphide 
itn  would  do,)  while  a  salt  of  oside  of  atibiotriethyl 
diMiulTed  : — for  iu»tauce,  if  ^ulpllate  of  copper  be  mixed 
iBulutiuii  of  •iifphiilc  of  etibiutriirtlivl,  sulphate  of  slibiotri- 
I  ud  mlphidc  of  copper  are  formed  : — 

3b,  S,+  a  CuO,  S.O,=a  CuS  +  (CjH(),  SbO^  Sp,. 

•lU  of  Sti6htritth$/I  is  soluble  in  alcohol,  from  which  it 

lung  cnuisparent  colonrleiss  needles.      It  is  also 

.-  Btid  in  but  water. 

MOTfttuETtiTi.  [(Cjtl,),  Sb]  may  be  formed  in  a  loauner 

[to  tlut  directed  for  stibtotricthvl,  which  in  pro]>crties  it 

jhlcs. 

■■■■-:■■      f  StmuMramtthyUum    [C,TIitSbO, 
■  II   slibiotriniclliyl   is   brought   iuto 
iotittle  of  methyl  tbo  two  bodies  combine,  and  a  errs- 
dc  of  •tibiutetramrtli^liuoi  h  ibe  resuft :— 


SSi  MtDKOCABsosB  oEmnrAMts  nou  TBK  Airouou. 

This  oompoimd  is  solable  in  boUinp  v&ter  and  in  nlcobot,  J 
either  pf  which  mlutious  it  may  be  obtaiiicd  in  crysuln. 
treated  witboiidcof  vilrcr.bjtlntcd  oxide  of  ■tibiotctmnrilijHu 

separated,  wbiUt  iodide  of  ulrer  is  (bnoed.     Tbii  oiuic  ui 
«uluhle  ill  Kiter  and  iii  alcoboL     Its  tolatiau  is  renr  av 

rbs  caHwDK  acid  from  the  air,  pro»aitiiig  meat  of 
>  eliaraftcn  of  an  aminoniam  b«»e,  and  prcdpitaling  nut 
metallic  oxides  fram  tfaetr  amlts.     Upou  eraponting  ita 
solution  in  mcva,  the  oxide  may  be  obtaiued  in  crysiaU,  bUJ 
rlieatcd  witb  due  care  iu  a  tube,  may  be  Tolatilixctl  wilbast 
deconipoMtioti.      Its  salu  are  lery  ntable  aiu)  are 
»lable  i  tbcr  have  a  bitter  taste,  but  arc  not  poisouou*  : 
■WDt  gmt  siniilaritj-  in  appearance  to  those  uf  potaah  nitd  aiaa 
On  the  additioti  uf  soda  or  potAxb  to  their  solutiona,  tbc 
8tibii>-tttTaa]ctbv-liunt  is  hbcratcd.* 

}    \l.       Os    THE    HvilEOCJlRnOSI   DEHIVABLC    FROM 

Alc^^uols. 

(l°37)  AUnaion  ha.<i  already  been  made  to  a  wriea  of  I 
carbons  boioologous  witb  oletiaut  gas,  vhicb  arc  dcrifab 

*thc  alcoliolft,  and  the  proccM  of  prcp«r!n(;  oleiiant  gas  n 

M  described  (399).     But  besides  the  hotnoiogucs  of  ol 
Iwo  Bdditiooal  aeries  of  hydrocarbous  may  be  obtaiiitd 
alcoliols ;  for  tbc  discovery  of  tbc*e   cuoijiottiidA  «e  are 
to  the  ri.-!>catchoa  of  Kolbe  atM)  Pranklond.     One  rtivf 
bodips  (C"b.IIj^,)j  corresponds  to  Ihc  radicle  of  tJic 
other  (Cj.U^„  H)  to  the  hydride  of  thai  radicle.      Tlic 
the  rollouiii;^  page  coutaius  the  more  luportaDt  memben 
of  these  groups  at  preeeitt  Icnovru.     Attotlicr  «nics  of  I 
C^ll^^  is  represented  by  aoctylcne,  n  goaeouH  coni{totiii 

^diM»vcre(l  by  Berthelot. 

(a)   0»  thf  Hydrocarbon  Hamlet  0/  Ike  .^/f»Aoi*  (C,,l 
(103S)  TIw  first  substanoe  of  this  '''t"'  ■'m'Ii  ■*^*  ol 


*  In  additioa  to  tl ' 
u,|.   iImi  iviuiAf-  m«_« 

I'l  ''.  Btii  Diuiluupt,  1 
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an  isolatud  ronn,  corresponds  iu  conipmition  to  the  radicle  of 
trtrylii;  alroho),  which  was  procured  hy  Kolhc  during  the  clcctrO- 
ly»i»  of  TulcmU:  of  |)Otn»1i,  uiid  vrns  hy  him  termed  vatyl  (C^13f)j; 
utlicr  h}>drocarbonB  hoinolof^oiiH  with  tctnrl  (or,  rather,  tetrjlide 
of  tetrjl),  liave  been  ohuincd  hy  the  electrolytic  tli«oinpOBitioii  of 
theoulu  of  the  vuliitilc  futty  iicid*  (871,  iioj);  aud  fiuhftniueody 
a  general  method  of  obtaining  these  bodies  was  contrive*!  \ij 
Frankland,  who  decomposes  the  hydriodic  ether  of  the  alcohol  bj 
nicam  of  sine,  at  a  liigh  tympcraturc  In  nealed  tii1)es.  Greville 
WiUiams  eubBcq^iicntly  euccecded  ii»  iaolittiug  tctryl  [Cj^H^),,  aad 
Acreral  other  bydrocitrbons  of  thia  class,  from  the  proiluctH  of  tliC 
destructive  distillntiou  of  BoghcMid  caniiel  at  tow  tcinperatiirv». 

Tlie  hydrocarhoiia  of  tliia  group  have  not  hitherto  been  mtuit 
to  combine  directly  will)  chlorine,  bromine,  or  iodine,  m  as  to  re- 
produce the  correiepunding  bydrachluric,  hydrobromic,  or  hydriodic 
ether;  no  action  oceiiru  between  the&e  bodies  and  chlorine,  or 
the  other  lialogcu)),  60  loug  as  light  i»  exeludcd,  but  if  light  be 
iidmilted  various  Euhfititntion  conipnundH  arc  jiruduccd.  Some 
cliemiais,  including  Huliiiuuii  and  Oerliardt,  when  Franklund  lirat 
announced  the  ixolation  of  these  com  |)ound8,  coiuidcrcd  t)ie  uon- 
oocarrcncc  of  direct  combination  with  rtilorinc  as  a  »trong  argu- 
ment against  the  ailin)K»ioii  of  the  view  that  they  were  truly  alcohol 
rndiclee,  and  they  proposed  to  view  them  as  liomologucs  of  marsh 
gas  :  but  the  stibseqticut  isohktioii  of  the  tnie  liomologucs  of  ntanh 
gaH  which  coni>titntc  tliu  Itydrldca  of  the  alcohol  radicles  (1041)) 
has  neutralized  thia  ubjeclion.  The  bodies  vhicli  linve  been 
termed  alcohol  radicle*,  may  very  eoQiti»teiitly  he  regarded  aa  ana* 
loguei*  of  hydrogen  gas,  which  many  chvmitts  suppose,  when  in  its 
free  st&tc,  not  to  be  a  nimple  Wily,  hut  a  conijKiund  of  hjdrvgt-it 

with  itself, — in  short,  a  hydride  of  hydrogen  ..  f ,  and  the  ao  called 

radicle  of  alcohol  may  In  like  manner  be  considered  aa  ethyliilc  of 

C  tl  ) 
ethyl,  p*!.":*  «  view,  the  correctness  of  which,  the  discovery  of 

the  double  radiclem  of  Worts  {to  which  we  shall  presently  refer) 
nmy  be  t<aid  to  have  |>rovc-d.  The  alcuhol  radicles  are  not  absKirbciI 
by  anhydrous  sulphnrie  acid,  or  by  oil  of  ritriol,  hut  arc  com- 
pletely soluble  in  alcohol. 

TTiese  hydrocarbons  appear  to  bclony  to  the  bydrogco  « 

metallic  type  ,,[,  and  ai'e  represented  by  the  formula     *■,,*"'> 

a  molecule  of  the  compound  (C^Hj,^,),  yielding  4  volumes  of 
vapour.     They  uould  thcrcifoie  staod  to  the  third  series  of  hyilro- 
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arlioM  (C^H^.j),  which  nrc  to  be  deicribwl  short!/  (104O.  in  ft 
idadgu  similar  to  that  of  etlicr  to  alcoliol,  thus  : — 

Xtll'r. 


BrdMdxftUirL 


''"n] 


\\i\m  (Ann.  de  Chimie,  III.  xliv,  275),  following  up  the 
\ift»  of  Williatnmti  and  of  Brodic  upon  the  double  ethcrt,  hati  suc- 
cecAcA  in  obtiiiiiing  eompoiiiuU  in  whicli  the  second  seml-molcculo 
ofthe  bvilrocarboii  is  displnccd  by  the  8cmi-molecu1e  of  the  bjdrn- 
■  -  of  «  different  alcohol,  thns  forming  a  scries  of  double 
'.  ?  corri^[ioiidiug  wilh  Wilhutiinmi'ii  double  ethers.  If  a 
niilurc  of  the  hydriodic  cthen  of  the  tvo  alcohoU  in  etiuivnlcat 
proportions  be  decompospd  by  nicann  of  sodium,  the  two  radicles 
COQbioc  nt  the  moment  of  their  tih«ratioii,uriil  form  a  new  double 
ndicle.  Thus,  in  the  prcparattoa  of  ethyl-amyl,  the  following 
nactiou  occurs: — 


Itthrt«nyl. 


I    j-^Na5-ni]+C,„H,J- 


Ibe  discover;  of  tiicsc  compounds  caofirras  ia  a  striking  manner 
tke  (bUowing  nigeaious  exijlaitalion  by  Brodie  (Q.  J.  Chem.  Soc., 
ii  4)1 ),  ofthe  mode  in  which  these  alcohol  radicles  arc  produced : — 
When  zittc  is  made  to  decainpi»c  anhvdroiis  iodide  of  ethyl,  the 
Cm  effect  due*  doc  consist  in  the  liberation  of  elbyl,  but  iu 
t!ic  foroMitioo  of  a  new  eomjKiund,  iiinc-etliyl.  This  stage  in 
tnulcreil  more  evident  by  mixing  the  iodide  of  ethyl  with  its  own 
tiall  of  ether,  in  which  liquid  the  products  of  the  reaction  are 
■olsblei     Thus  ;— 

Hi*  linc-ethyl  then  react*  ti[ion  a  fresh  portion  of  iodide  of  ethyl, 
•ad  tlius  the  ethyl,  or  rather  eibylide  of  etliyl,  is  produced  by  an 
tfiJitnry  double  dccouipoeition;  the  scnii-molccnle  of  ethyl  front 
tiue-cthvl,  combining  nt  the  moment  of  its  liboralton  with  tlir 
^■i-iiioleciUi!  of  ethyl  from  the  iodide  of  ethyl,  b«  thus  repre- 
Kilcd: — 


to 
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[iot;Hi,t!  ntuHDCABuox  luDictxs  or  riiit  alcoiidi 


c 


tO/jt-UoTMiti. 


Tf  water  be  present,  the  result  ia  the  formatiao  of  a  hji 
of  a  different  kim!,  wJiicli  maj"  be  regarded  as  clUjl  in  m\ 
of  the  seini-moleculeB  of  ethyl  is  displaced  hy  hjrdrogcD.* 
case  tliu  decomposition  would  be  : — 

Wurti's  double  radicles  would  therefore  be  merely  cdidi 
whidt  the  place  of  tl>c  kg  mi- molecule  of  hydrogeu,  cr  of  iliQ, 
was  supplied  by  b  diflerent  hydroparboQ : — 

llydrido  of  olhyl C^H,.H. 

Etlivl  (rthvlidc  of  ethyl)     .     .     .     C.H„C,Hj. 
Eth'yl-amyl  (ctliyUde  of  amyl) .     .     C,H^,C,,U„ 

Tt   is  interesting    to    remark,  that  the  hoiltng  point 
double  radicles  rimsn  gradually  &»  the  utimlier  of  atoms 
aud  hydrogen  iocrcascs  iu  the  ronipoutid  molecule,  and 
regular  pro};re»»ioii  is  obM;rvcd  iu  the  simple  alcohol  rtidic 
com|Mircd  with  them,  a«  in  the  following  liiblo;   tlic  boilil 
and  vapour  den&ity  of  the  simple  ali.<ohal  radicles  beiti 
vnuld  theoretically  be  a#»gQ^  to  tlicm   upou  the  tii 
givcti ;  ahoning  that  both  the  simple  aud  Ui£  double  ra 
formed  upon  a  aitnilar  molecntflr  plau  : — 


DmMr  Badkla*. 


(Eack  jMMttg  fOor  ml  mil 


«?.' 


Ktlifl    (Rtltylide 

vC  ethyl)  .    . 
EtliTllplnrl   .    . 
Etliylainyl     .     . 
Weiliyl-!>.'\yl .     . 
T*l/*l  (Tctrjlide  > 

ofiVtryl)  ■    .     J 
Tcirvl-amyl     .    . 
Amyl    (Amjrlidc  ) 

ofamyl)    .     .      1  ,  „  „ 
TrtrjIliMvl    .     .    ;  C.H^ 
UwjUni-JiyHdell  ^   „   , 

(rfheiyl)  .    .     jp-»'"'«- 


C.  H„ 
C„U,. 

c::h: 

c..n..=!C.  n,  .c.  R.  ,3ar8 


C.  n.  .C.H.    I— «M     lOAfiiai 

C.II..C.".    !<4r6    30-.? ''-"i 
C,  llt.C,„U„  1190-4    3'5 
'■■,n..C.,U„    i;9-6P3-4.- 


C„B„= 


=c„H„.c„n„ 
:c.  D.  .c„n« 


3" 

395' 


4070 

3*93 

4'465 

■V49, 

4-899 

■*-9« 

49  "I 

4«» 

S-il83 

Sift 

•  At  vrviff'  "  """• "'  '■''  '''■*  with  bjdroevn  (BZb]  i 

Muc-vtbTl  i»  L  .i>it)>iiif(  iuiitrobtUo  in  tkM 

tliBt  tueb  a  bb^l;   -i..j  ia^J 
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■5  funhu'  be  remorkal,  ta  illustration  of  tlie  peraistence 
molccul&r  urratigomcutof  tho  cocnpoootit  groups  of 
ipoaod   l>od)C*,  tUnt    Wurtz    ftiuU   that   nniyl    preserves 
ity  action    on  a  riy  of  pohrizcd    liglit  wliea  it  possei 
'  Ibeae  oompouads,  ct1iyl-am;l  displaying  the  power  of  rotat- 
polarisod   ray   to  the   riglit;  whilst  umrlL'iir,  valeric  acid, 
dcrivativu  of  amylic  alcohol,  iii  vhivh  there  in  reasDti  to 
Ibat  the  molcctxle  of  smyt  m  destroyed,  exert  no  rotatory 


fOojg)  I.  AUthyl  [(C,H,), :  Sp.  gr.  ro^fij]  in  a  gaseoiu  body 

tiuras  with   a  bluiah   feebly   luminoua  ttaote ;    it  is  uot 

by  a  cold  of  o°  V.      Methyl  i*  ot)tairu'<i   W  ncting  upoo 

methyl  with  zinc,  exactly  iu  the  niauiicr  directed   for 

ition  of  ethyl.     When  miicd  vith  twice  its  bulk  of 

ill  tKo  d»rk,  niw)  nfienmnlst  bmiight  into  diffiwed  dHylight^ 

of  valiime  takes  pixce,   but  a  uiiiLt'irc  of  i  volutnra 

iloric  acid,  aod  i  volume  of  a  ddoriaated  compound, 

is  fijrmrd. 

la.  Etkjit  (C.UJa:  8p.  ffr.  of  got  a'046. — When  a  mixture  of 
tiac  and  iodide  of  ethyl  is  scaled  up  in  a  strong 
itobo  (rooi  ffliicit  nir  haa  been  exhatintf^l,  and  exposed  for  two 
tia  an  nil  bath  to  a  teinperaturo  of  500°,  the  iodidi!  of  ethyl 
]y  decomposed  ;  the  tiidea  of  the  tube  become  coated  with 
CfT't^UiQe  sobstxnce,  and  Ufxvlourleiui  mniiilo  lujiiid,  ecjoal 
lo  about  half  that  of  the  iodide  of  ethyl  cmpluyed,  is 
This  Itqaid  is  a  mixture  of  ethyl,  tritii  other  hydrocar- 
([flcfiaxit  gM,  atid  hydride  nf  I'tliyl,  tikc  product  of  a  xeuoiidary 
ition),  the  hydrocarhous  having  bcoa  liquelicd  by  the 
'  of  their  own  vapour,  whilst  the  crystals  consist  of  a  oooi- 
lofxioc-ethyl  (C,!!;,/")  "tth  intlide  of  wiic.  On  brt^nking 
cmpillary  extremity  of  the  tube  under  water,  the  whole  of 
tl^'ju)  portiou  disappears  rapidly  and  cHcnpcs  in  the  gaKOiu 
\f:  ■■■i  Uic  portions  which  pati^  offlaat,  the  ethyl,  which 
-.:-:...;:  of  these  gases,  ia  obtniucd  ncaHy  iu  a  state  of 
F/yrankUnd.  Q.  /.  Chem.  Soc.  iL  2S1).  Ethyl  may  alto  be 
1  with  trtliylene  and  hydride  of  ethyl,  wheu  iodide 
>.j)0*ed  over  mercury  to  the  shu's  ray»,  iodide  of 
beinj;  produced, 
ifrl  is  •  culoorlisa  pi»  with  a  alight  ethereal  smell ;  it  hurni* 
Llughly  InminaUB  flame.  At  a  tcoipersturc  of  o'^  itrcmniiis 
iimdef  the  ordinary  atmnspheric  pressure,  bat  it  becomes 
jr  idsr  a  [iresiure  of  si  atmosphere?.  Frasiklaiid 
_!,•  point  nt  about  — .^'',  wheo  the  baroiuvter  stauda 
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at  30  ioclics.  Ethyl  !>  insoluble  in  water,  but  Treelv  soluble  ia 
bUxiIioI,  wliidi  (liHsulcM  abuul  18  times  i\*  bulk  of  the  gu,  aad 
gires  it  off  wheit  diluted  with  vntcr.  Chlorine  hw  qo  action  U{)Ob 
ethyl  in  the  dnrk,  but  in  tlilfuiiO'ddny light  itimmodtntdy  combina 
with  it  aud  fonus  a  colourlfss  liquid. 

3.  7W(y/ {U,H.)j. — ^Thc  properties  of  this  compound  hare  not 
been  minutely  t-xnininwlj  but  it  formed  otie  of  tlie  h yd rocarboiu 
Beparated  by  Williams  from  the  liKhter  portion  of  the  distillate 
from  Boghead  canncl  at  low  tcmprratuna.      {Note  p.  12.5.) 

4.  7'ctrgl,  liuUjl,  or  Val^l  (C,II^), :  Sp.  gr.  of  litjuid  0705?  at  ' 
32";  o/vapoar  4'070;  Boiling  pt.  221"  8, — This  compound  is  one  | 
of  the  products  of  tht:  distillation  of  coal  at  low  tcmperatures.Miil 
it  may  likewise  be  obtained  during  the  electrolysis  of  the  vaU^nte 
of  potaah  (S7 1  ].  It  may  also  he  prepnD^'d  by  the  action  of  sodiiutt 
upon  iodide  of  tctryl,  in  a  flask  counccicd  with  a  vertical  coa> 
denser,  »o  nrratiged  that  the  lohililiied  products  Hb.-ill  retuxn 
oon^tautty  into  the  flask  as  fast  s.3  thoy  arc  rolutilizcd  aud  coii' 
denjicri,  When  the  ixaclioii  has  terminated,  the  tetryl  may  lie 
diatillvd  ofl"  by  a  temperature  not  excecditi|{  300®, 

5.  ^mjf/(U,(,U„)j:  Sp.gr.  a/ 32°,  07413  ;  0/ wipow  4-899; 
Boiling  pt.  311°. — Frankland  obtained  this  hydrocarbon  by  hestiajf  ' 
iorlide  of  uuiyl  with  an  uniulgEini  of  zinc  in  scaled  tubca  fur  some 
hours  to  a  temperature  of  from  3:0°  to  360".  It  ia  one  of  llic 
products  of  the  distillation  o^eonl,  and  may  aUo  be  procured  by 
the  electrolysis  of  cupruatc  of  potash,  or  still  mcin.-  easily  as.  adriscd 
by  WurtZj  by  iho  action  of  sodium  00  iixlidc  of  aiuyL  It  is  a 
colourless  hqnid,  with  a  somewhat  aromatic  odour.  It  exens  a 
right-handed  rotatory  action  oci  a  ray  of  jtolarizcil  tight,  the  degree 
of  whirl]  appears  to  vary  in  different  speciniena,  being  coiincctvtl 
with  the  puwer  cKCrted  hy  that  of  the  fou^l  oil  from  which  the 
radicle  was  prcfmrcd,  some  KampluH  of  fouMcl  oil  baring  a  greater 
rotatory  ]iower  than  otUera. 

6.  Hexyl,  or  caproyl  (C|jH,,]j  wns  obtained  by  the  voltaic 
decomposition  of  oiimnthylate  of  potash.  It  is  a  liquid  of  an 
aj^i'eeable  aromatic  odour:  it^  boiling  point  ia  about  39j'*. 

(1040)  DnoniE  or  MiXR)>  Hydkocarbon  Rvdiclbs. — J?My/- 
telrifl  (C^Hj,C„H„)  :  Sp.gr.  0/ Hyuid  at  32°,  07ori  ;  of  vapour 
3'0j3- — This  compound  waa  obtaiued  by  decompoaiing  a  mixture 
of  40  parts  of  iodide  of  tetryl,  and  34  of  iodide  of  ethyl,  with  1 1 
of  Hodinm,  in  the  manner  already  dcM!ribcd  for  procuring  tetryl: 
by  diatilUtioo  of  the  product,  collecting  the  p<jrtiou  which  passes 
orcr  between  140°^  and  155'^,  and  ngain  reelifying  it,  a  mobile 
liquid  is  otit3inf;cl,  the    boiling    point  of  which    when  pure  it^ 


rstocAiuiON'a  homologovm  vtitu  mi«sii  gas. 
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at  143^6.     By  n  ximilnr  method,  cmpluying:  tnixtuim 
inrrmpouiliug  hydrioilic  cthcn,  Wurti  ftucci-cdcil  in  obliuu- 
sanlogoiti   com  pound  a,  wliicli   are  onumeratcd   in    the 

dnearborui  komoioffoua  with  Manh  Gaa  (C^Hj,^.,). 

AVlieti  tlie  Iiydriodic  ethers  are  submitted  to  the  action 
ff  at  a  bigh  tcmpcrattire,  other  bydrocurboiis  itrc  fonned  in 
n  to  the  radicles  already  described ;  the  alcohol  radicle 
imdorgDiux  a  Kcoudary  dccompoaitioii  into  two  bydrocitr- 
riiicli  «ro  compk-mctitnry  iocacli  otlicr.  Kthjl,  Tor  example, 
up  into  ojrfiiint  gaa  and  hydride  of  ethyl;  aiid  suiyl,  in  like 
Tj  yields  hytlridc  of  amyl^and  a  corresponding  hydrocarbon: — 

p  C,  H,     bocoming    C,  H^  H+C^  H,;  and 


,«H„.C„H„   bccoBiiug   C„H,„U+C,„H,o. 

houfi  of  thin  cl*«s  arc  not  alMorlicd  by  anhydmiiA 
DC  urid  or  by  oil  of  ritriol,  ant)  arc  tiut  acted  uikiu  by 
C  01  br  icxiitie  iu  tlte  darlt,  but  in  diS'used  daylight  chlonnc 
nvcfi  riM;  to  subslitutioD  cooipoutMls,  and  ia  direct  Mitdight 
■Bposea  them  rapidly,  often  witli  expiation.  Percbloridc  of 
my  >>  without  action  upon  tlieni. 

hydntcnrlKifis    mar  also  be   formed    by  the  regulated 
WBtor  ujioii  the  metallio  compounds  uf  zinc  irith  the 
c».      Thm  :— 

2iMiwit7L  Bidnd*  of  nclti^ 

Ic7h^  Mt-^  n,0,  =  3  (C,  H„  fl)  +  Zn,0, 

pnic'jrrs  the  homolu^te»  of  marsb  gas  by  decom- 

t>n>midc   of  the  corre»|)otidiii|;   hydrocarbon    in    tbc 

by  heating  it  in  a  sealed  tube  ia  4X0"  with  water 

te  of    puiaMiiuai.     The  bromide  of  trityleue  (C^lIfBrJ 

tl     '  ■■  'ride  of  trilyl. 
g(  .  I  ocarbous  of  tbiH  group,  with  tbc  exception  of 

].  !  .e  vrith  one  of  the  group  of  alcohol  radicles, 

I  i^uuticol  mill  itf  for  example; — 
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hvdrocjvibonb  souotoaoirs  vlth  haebb  oab. 


C,  H,      C.  H, .  B»  iinnh  ni 
Mi-iliyl     .    .    .    C,H,.r,H«=C.H,  =  C.H.,H«  Hydride  of  eUil 
Metlijl-ctM     .     C,H,L\Ui    =C\11,  =C,H,,H«  nydruiwoftnl, 


Eth 


Y 


c.n,.c,n  •  =  c.  n,. = <•.  n; .  h'  iivJHJr  of  teir 


Mftliyl-lctrjl     .     C.1I,,C,11,    =  CwH„  =  C,bH„,  II"  lijdrido  ofamyj 

Tlmse  <H)mpoiiiKls  marked  with  an  asterisk  have  been  already 
pared,  and  others  might  be  easily  iirocured,  if  needed. 

(1041)  i.  iVrtrfc  0/  Methyl  [CjH^.H);  $p.  gr.  0-5596; 
This  cuinixiund  has  already  bteii  described  uudi-r  the  iiamej 
ntartA  t/at  (401). 

Id  addition  to  the  mode  uf  j^rcpartiig  it  by  bv«ting  ttic 
with  a  hydrate  nf  one  of  the  alkalies  or  alkaline  earthx,  uandi  1 
may  bt-  procured  by  the  decomposition  of  sinc-inctliyl  by 
It  may  aUo  be  obtaiucd  from  chlurororm  (C,1]C1J,  or  bicbld 
of  carlwn  (CjClJ,  by  rnlucing  their  akobohc  solutions  by 
of  ail  uinalg;im  of  jKitassiiim. 

3.   UydriiU- of  Ethyl  (C JIj,  H)  j   Sp.  gr.    1075.— Thia 
jinund  is  &  permnnciit  gas,  destitntc  of  smell  or  tante.      It  ii 
Boluble  in  water,  hut  alcutiol  tukcs  uj)  more  than  its  own  bulki 
it.     The   beat  manner  of  preparing  this  gas  consists  ia  dccal 
posing  a  mixture  of  equal  parts  of  water  and  iodide  of  ethyl, 
means  uf  zinc,  in  a  sealed  tube,  at  a  temperature  uf  iiboiit  330° 
already  described  when  speaking  of  ethyl  (lojy).      After  the 
of  a  eoiiplc  of  hours,  the  tube  is  opened  under  water,  and  the ; 
eaca])esuith  great  violence.   It  may  also  be  obtained  by  decomj 

rdrocyaiiie  ether  with  potassium.     The  potaa»ium  is  placed  ii 
Itu'lc,  fitti.'d  n-ith  a  condenser  and  a  bent  tube  for  earrying  00" 
gas  as  it  is  disengaged  ;  the  ether  is  allowed  to  fell,  drop  bj  di 
upon  the  potii»aium,  whilst  the  gua  which  i»  disengaged  is  cotic 
o»er  water.      Cyanide  of  pot-issinin  and  cyancthine  (1000)  remain 
the  Bask,  and  hydride  of  ethyl  is  obtained  in  the  gaseous  slot 

3.  Hydride  </  Triiyf  (C,H„  H]  is  gaseous  ut  urdiuarjr 
pcratures. 

4.  Hydride  of  Teiryl  (C^H^,  H)  is  one  of  the  product*  of  1 
decompusitioii  of  tetrylic  alcohol  when  distilled  with  cbloridej 
line.      It  is  licjucBablc  at  a  few  degrees  below  32^ 

5.  Hydride,  of  Amyl  (CiJI,,,  H)  :  Sp.  gr.  oj  Itqvid  0(^38  j  j 
Vttponr  2-5;  Boiiing  pt.  86°. — This  body  was  obtained  by  Pr 
laud  by  acting  on  equal  bulks  of  iodide  of  amyl  and  watcr^ 
means  of  line  in  a  seaieci  tabc,  at  a  temperature  not  exc 
,{Oo".  Franklniid  considers  it  to  iw  probable  that  it  \%  id 
with  Ettphn,  which  Reicheiihach  obtained  during  the  nx-tilicat 
of  the  products  from  wood-tar ;  and  he  also  thinks  that  it 
stitutes  one  of  the  condeD.sible  liydrocarbons  of  cool  gtu. 
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of  aitiTl  U  a  vDlnlilc,  mnliite,  oolonrless  liiinid,  witli 
rMCmUliii^  tlinl  of  clilofoforiu.      It  hax  a  smslli>r  dcui'ity 
1  at  odicr  kuovFD  liquid ;  it  remains  uurroxen  at — 1 1^.     lu 
bitnu  with  a  brilliuit  white  (lutnc,  withont  mnoke. 


(<)  Jfgihvearbmu  Iff  the  form  C^H^^. 

1043)  The  representative  of  this  cliuu  of  hydrocarbons  i^ 
,e,  but  a  wcond  (jC,}l^,all!/lene,  has  Utdv  beeu  aniiuunccd. 
fme    (C^HJ    .S^.  ffr.  rnlcd.   oSrjJi,  fry   ejyrf.   o'ga. — If 
inncol  etlijlciic  (C^IIjBr)  l»e  subjccU-il  to  the  lu^lioti  of 
iomI  oil  ftt  313°,  Bniler  {iT»Qtire,  gradual  deootnpofiitioii 
;  Ijmniidp  of  f«odinm,  Mul  am.vlir  alcohol  arc-  produced; 
ancnt  gse  which  1*  rapiilly  al)*yrl>od  bj  «n  ncnmoaiacal 
of  «ubchIorido  of  copp^  is  obtaiaed  : — 

Tiiv    ttoaioB^aiurt  od.        AcmjImw.  Poiud  oil. 

C.HjUr+C^ilnNaO,  «  C^,  +  NaBr+CJ^H,P,. 

30  lloc«?Hl«nt  iwl  jirecipitatc  which  is  thii«  orcasioncd  'm 
ion  of  copper  be  wuflicd,  ami  trt-4ite<!  with  hyilrochloric 
decotnposLed,  and  pure  acetyleae  is  obtaiucd  (Sanitsch) . 
,  whu  limt  isolated  Lhi«  ga»,  obtained  it  by  decompoHing 
[gaa  by  bcnL     It  is  prcwmC  ia  coal  gas  iu  smult  (quantity, 
■  of  the  products  fumltthed   by  tranHiuittiug  the  vapour 
f  (ilHe-liyd,  or  of  etlier  through  red-hot  tube*.     It  may 
;rci-«i  from  the  hydrocarbons  with  which  it  is  contami- 
1*^   causing  the  uiixeil   ga»   to  pass  llirough  a  solution  of 
it  of  cr)p[>rr  in  aaiiuaiiia,  vrhic-h  abfii'hs  ac«tylciic  rapidly 

>  witli  It  a  lloorulcDt  dark-rcil  inndublc  compound,  which 
dclunatoa  powerfully  on  the  applioattoa  of  heat,  or  ou 
t  •widen  blow. 

>  i'->>'-  is  a  iruiaparcTit  oolourlces  gas,  of  a  peculiar  dis* 
:r-  it  is  «l^M^wllat  wtuhle  111  wat<^r.      It  burns  vtith 

MuoVy  flame     It  has  not  ret  bccti  litiitencd  by  cold  or 

>--t'tylcoe  combiucB  with  nitrate  of  sitrer,  ami    nilh 

<:iirr.      It  BhK>  utiit«s  witli  bromine,  fonniug  bihro- 

!f,Brj),  riiid  h  the   lypo  or  rqiri-'acutative  of 

-rhona  of  the  formula  Cj,H,,^,. 

lied  with  chlorine,  ucety1«neesplodct>»]xiiitoit)coui<ly  almost 
ft :  ti  dill'iiiod  light,  a  portion  of  earbou  being  acpa- 

'■i ^iiatnl  with  sulphuric  aciil  tbe  ga*  is  gradually 

rixiiufc  a  cjlligntcd  acid,  tlio  atft^t-tiljihuric^  whWh 
gmtaJlixnUt)  sail  with  hunta;  nhi-it  the  MiA  isdiWtctl 
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and  ilUtillcd  it  jioMs  a  liquid  vfaicli  is  metarocric  with  aldeJiyd, 
whicli  llcrihclot  tcrnis  acetyiic  afmkot  (CJlpj),  the  nature  of_ 
wtiicli,  liowerer,  la  at  present  uiiiiivcMigatcd.  i 

Acetylene  mny   be  rectmsertol  into  olefiant  gns    by  aeti{ 
upon  its  compound  with  siibchloridc  of  copprr  bj-  mcanB  of  Dt 
liydrogcii  j   lliis  cLauge  is  htin  cllVctcd  by  ausjietidiiig  the  conn 
of  acetylene  vrith  subehloridc  of  copper  iu  a  solution  of  amine 
and  Adding  zinc. 


(rf)  Hydracarborw  hamologova  wilh  Olefiant  Gas  (Cj.UjJ. 

(1044)  The  compouuda  of  this  scries  may  be  obtained  by 
ctccompositioii  of  the  hydrochloric  ether  of  the  particulitr  alcohol 
by  exposing  it  to  an  Hevated  temperature;  under  th(»c  circom. 
stances  the  ctlier  is  resolved  into  hydruchloricacid,  aud  tlic  hydro- 
carbon  of  the  alcotol  ;  ihuw,  C^HjCl  becomes  C,U,  +  HC1.  But 
they  arc  Bonemlly  formed  by  the  action  of  sulphuric  acid  or  of 
chloride  of  ztiic  iipon  tbcir  corresponding  alcohols,  from  nhicli 
their  formulae  differ  by  coutaihing  the  elements  of  tno  atoina 
of  water  J  for  ii»*tflnce, — 

ai«oIwiL  OleUiial  gu. 


C,H.O,-H,0,  =  C,H«;aDa 

The  formation  of  the»c  compounds,  however,  does  not 
to  consist  ainiply  in  the  ubslrat^lion  of  water  from  the  alcohd 
for,  iti  Muinc  (■Jii'es,  the  HuWtiiiice  which  ie  obtained  lias  a  vapoi 
density  double  of  that  which  tbc  corresponding  hydrocarbon  aha 
|)o»sC88  :  when,  for  iustunce,  fouscl  oil  iii  distilled  nitb  sulphuj 
acid,  the  hydroenrbon  which  is  liberated  is  Dot  uuiyleiic  (Ci^Uj 
for  it  haa  undergone  condcneatioii,  nnd  has  been  concerted  ii 
the  polymeric  paramyleiie  (C^„l!^,1,  the  VRppiir  of  whieli  has' 
density  cxacily  double  of  tbat  of  the  true  aujjleuc  obtained 
distilling  foiuel  oil  with  chloride  of  zinc. 

These  hydrocurbunx  were  reKHfded  by  liielrig  as  hydrido^ 
the  hydrocarbon  ntdicles  of  tbe  fatty  acids;  thus  be  represent 
oteiiaut  giis  aa  contii«ting  of   (0,11,,   II},  or  aa  the  bydridc 
the  hydrocarbon  railielo  of  arctic  aeid. 

The  rc8carchefl  of  V\'urtK  and  of  ilofmanii  hnTC,  bovever, 
that  these  liodtcit  arc  truly  diatomic  in  their  nature:  olcliaat 
(C,HJ  being  ccjuivaleiit,  in  combination,  to  a  atoms  of  hydi 
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will  be  seen  wlien  glycol  (l  045  et  try.)  and  its  dcrivativM  lire 
ibed. 

Tbe  hydrocvboTu  of  this  dans  oombitie  readily  with  fiulphiiric 
nhydridc,  and  witli  jicrcliloridv  of  antimony  :  ethylene  aud  trity- 
koe  are  aim  nlowly  absorbed  by  oil  of  viliiol  wlien  briskly  ngitalcd 
Ititb  it,  and  tlic  solution  whea  diluted  with  water  aiid  diEtilled, 
the  corresponding  tJcohol,  The  hydrocarbons  of  this  class 
ootnbinc  directly  with  hydrochloric  and  vith  hydrobromic 
I,  nod  when  heated  with  thoni  to  2iJ°  in  the  paseous  lorm  for 
n»Dy  hours,  they  beootnc  converted  into  the  corresponding  hydro- 
ric  or  hydrobromic  ether.  Each  molecule  of  tlieae  liydro- 
also  combines  with  two  atoms  of  chlorine,  bromine,  and 
r,  forming  eoropoundv  which  corrc«poad  with  Dutch  liquid  iu 
Mnposition,  and  firom  which  a  aimilar  (teried  of  Hubtttitution  pro- 
kicu  may  be  obtained ;  for  example,  we  may  form — 

Ethylic  Duteh  liquid  (C,HJ"CI^    or  CJlfil,  IICI.  I 

Tritylie      do     do.    (CjH,l"CI^    or  CgH^Cl,  HCl.  | 

Amylic      do    do.    (C,„H,J"C],.  or  C,„H,jCI,  HCI.  | 

The  foUoiring  are  the  more  im]x>rtant  of  theste  hydrooarhoiiK  :—~ 

1.  Metkylene  (C^H,). — Dumas  and  Peligot  believed  that  tliey 
ilKUQcd  this  gaseous  body  by  traDHniitting  the  ga^roiiH  chloride 

«r  methyl  tbroiigb  a  rcd-liot  porcelain  tube ;  C^IljCI  becoming 
C|H,-f  UCl ;  bnt  there  ib  tome  doubt  whether  the  gu3  which  they 
Mttljraed  was  auythiug  more  than  a  miiturc. 

2.  EthylvM,  Olefianl  Gas,  or  Elar/l  (C,HJ  has  already  l)eeu 
described  (399). — It  is  produced,  abundantly  mixed  with  other 
bl^roearboiis,  during  the  dry  distillatiou  of  pit  coal,  and  of  many 
^ty  and  resinous  bodies.  It  U  also  present  in  small  quautity, 
■ntoogst  other  bo<lies,  in  the  product  of  the  dry  dialillation  of 
ihtmiiae  of  baryta.  Olefiant  gas  is  the  principal  luminous  con- 
Uftoest  of  coat  gas.  M'hen  n^cjuircd  in  u  state  of  purity  it  is 
tlvays  obtained  bj  decon)po«ing  alcohol  by  means  of  sulphuric 
Mcitl  in  excess. 

Bertliclot  {Comptea  Readus,  July  x8th,  1856)  has  shown  that 
[llcfitnt  gaa  and  mandi  gas,  in  small  quantity,  diluted  largely  with 
Jftfe  bydrogea,  may  bo  obtained  by  passing  a  curpeiit  of  sidphu- 
[retted  hydn^n  mixed  with  the  vapour  of  bisulphide  of  carbon 
nvtr  finely  divided  copper  heated  to  dull  redness ;  a  process  which 
fco»B«ea  some  interest  from  the  drcuinslaucc  that  it  indicates  a 
pndiiod,  lliough  an  imperfect  one,  for  procuring  from  compounds 
W  iaorgouic  origin,  hydrocarboiiit,  nhtoli  previously  had  been 
•bttioed  only  by  the  dccompositioa  of  organic  producu. 
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3.  Trit^kne,  Propylene  (OjHj),  Sp.  gr.  1*498. — Reyuolda 
teinetl  thU  gox  mixed  with  mnntli  ga«  niul  »oDie  other  cumpoti 
by  decntnpORin;  thr  vii|iourB  of  foutirl  oil  by  transmisuoD 
»  porcelain  tube  heated  (o  rcidne!'&  ;  hut  it  ia  but  procured  bjl 
KCtion  of  biniuHitlc  of  ]ihoi>i|>horti«  (PI  J  upon  glvccrin.  I*ure  tiiljr* 
leiio  ia  readily  obioiiied  for  laliurntory  me  by  distilling  1  part  ■ 
iodide  of  &llyl  (138:)  villi  j  parU  of  mercury  und  2  putsofcoA 
centntc^d  hydnuchloric  acid.  An  ounce  of  iodide  of  allyl  ihfl 
yields  more  than  150  eiibic  inches  of  the  gas;  r,i!J  +  U(I 
+  2  HgjSsC^Hj  +  HgjI  +  HgjCl.  Tritylenc  remains  gaaeotis  nl— 
40^,  but  it  may  be  liquefied  under  prcMuro.  Its  odour  rctcmtJa 
that  of  olefinnt  ga«.  It  if.  disRolvMl  to  some  cttciit  by  esscnoe  ■ 
liirpenrine,  ether,  chloruforin^  and  bi-ueul,  each  of  nbich  dtMoln 
from  13  to  iS  limes  its  votuQi«  of  Ibis  gM.  I 

Oi)  of  vitriol  readily  &hBorbs  about  300  tini««  ib<  volume  fl 
the  gas,  converting  it  into  sulpliotritylic  acid.  Hydrochloric  ■dl 
ftl«o  absorbs  it,  and  forms  trityl-hydrochluric  ether  or  iodide  fl 
trilyl,  r^H.Cl.  The  action  of  iodine  and  of  bromine  upon  tritn 
Ipne  yiehia  cuni)>ound8  of  cunNiduniblc  interest  in  comiesiou  will 
thu  ailylic  ccrics.  I 

4.  Tflrfflene,  Jlulylene,  or  OH  Gat  (C^IIj,),  b&»  biwn  ain'afl 
described  (403]. — TIuh  gas  was  a^a^rtaiiied  by  Faraday  to  be  on 
of  the  products  furnished  by  the  doatructirc  distillutioit  of  ofl 
nnd  it  iippL-ars  aUo  to  Ijc  contained  anxiii^t  tlie  product*  oftlfl 
distillation  of  caoutchouc.  It  was  aHernards  obt&ini>^  by  Kold 
during  the  voltaic  dccoitiponitioD  of  valerate  of  potwb ;  and  H 
Wtirtz  as  on*.'  of  the  conipuinid»  produced  by  the  action  of  chlora 
of  sine  upon  tetrylic  alcohol.  I 

J.  Aiiigfette  (0,^11,0 ;  Boiliiiff  pt.  toa°)  may  bo  procared  tl 
decomposing  chloride  uf  amyl  by  fused  hydrntt^  of  potnitb,  or  ■ 
distilling  a  coneeiitraled  aolutioii  of  chloride  of  unc  vith  fowl 
oil ;  or  by  acting  upon  iodide  of  amyl  in  a  neoled  tube  with  q 
amalgam  of  sine:  iu  the  latter  ca*o  it  is  mixed  with  hydride  d 
lunyl.  Amylene  ta  a  colourless,  very  mobile  liquid,  with  Uic  odofl 
of  decaying  cabbage.  An  attempt  was  made  to  auUtitute  it  m 
chloroform  ns  an  uucalhotio  in  anrgical  opeT»tion«i  bot  ita  wk 
bus  been  ubuudooed,  as  in  some  owes  iU  en^ptoyineiit  has  oooa 
iioned  fatal  rasulta.  I 

6.  HexTj/ierte or  Caprotf  lene  [C^^il^^i  Boiling  pt.  160*  (Willifimn 
— This  oompuuud  in  a  culourluni  liquid  lighter  than  n-ater,  ofl 
nnii^eouH,  penetrating,  alliacanus  odour.  It  ia  scarcely  soluble  u 
water,  but  freely  so  in  alcohol  and  ether.  It  appcara  to  act  \m 
juriously  wbeu  rcspirod.      It  is  procured   during  tlic  dcatntctja 
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KiDaUon  of  seTcro]  futtjr  ncidii  (Frcmy),  and  is  one  of  tlie  pn>- 
lucts  obtaiacd   by  Williama  from  tlie  distilUtiou  of  the  Boghead 

I  7.  Jieplylene.  or  (Enanthylaie  (Cj^H,  J  ;  Sp.  gr.  of  liquid  O'jiH  i 
■tw/mw  3-31  1  Boiling  pi.  no**. — This*  \toi\y  wns  nI»o  round  by 
■illiaius  iu  the  Boghead  dLstilUttp;  and  wa«  likewise  obtniuH  by 
Bntis  from  the  distiiUtion  of  CBiiantliol  (1083)  with  aiilijdi'ous 
phosphoric  acid. 

8.  (Mifiene  or  Caprylfnf  {C^^\^^^■,  Boiling  pt.  257*),  was  ob- 
tiiaal  as  a  oulourlcM  liquid,  iniioliihle  iu  water,  tjy  distilling  the 
tutor  oil  (octylic)  ulcoliol  vitli  »ulphuric  acid,  or  chloride  of  itioe. 
The  action  of  potassium   or  of  mercury  on  chloride  or  iodide  of 

rl  give*  rise  to  the  wtinc  compound  : — 
3C„H„I+2Hg,=  2C,.H,„+aHg.l  +  H,. 

9.  Nongleiu,  or  Elaene  (€,^11,^  vaa  obtained  mixed  vith 
hcijlene,  by  Frcmr,  during  the  distillntion  of  several  fatty  acidn. 

10.  Paramylene  (Cj(,H^  ik  pmciired  by  the  diKtillatlou  of 
fousel  oil  with  aubydroiu  phosplioric  acid  in  excess.  Its  boiling 
|ir.int  is  as  high  aa  320°,  that  of  amylene  being  only  102*.  Fousfl 
oil,  it  will  be  Bceo,  givc«  ri«c  to  at  least  three  isomeric  livdro- 
carboi»  of  tWia  seriei,  n%.,  to  Iritylcne,  amyleiic,  and  paratuylcne, 

ereD  as  BulanI  believes,  to  one  of  still  greater  demit;. 

DIATOMIC    AI.COIIOI.*,   OK    «LVC0L8. 

{1045)  TpE  oiTCoLB,  aa  it  lias  already  been  stated,  arc  a  [mrely 
ti6cia]  class  of  coni|)o»ii<h(,  the  existence  of  which,  as  an  inlcr- 
tc  aeries  bctwcni  tUc  lounohasic  alcohols  uud  the  glycerins,  was 
"lu&ficd  by  WurlE.  They  arc  formed  from  ethylene  and  it»  homo- 
logom  diatomic  hydrocarbons.  They  are  procured  by  preparing 
tiie  bibromidc  or  the  liiniodidc  of  the  hrdrocurbon,  and  d«com> 
pv»iiig  it  with  acetate  of  potash  or  acetate  of  silver,  aod  ol>t;iiiiiiig 
tbe  Bumacetate  or  binacctHte  of  the  irlycol,  (1046)  and  on  distilliug 
UiCK  compounds  with  hydrate  of  baryta,  or  hydrate  of  potaab,  the 
txirrckpoiwliug  glycol  is  liberated  ;  for  example: — 

Him»«f«i»  or 

and 


c 
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By  analogous  nractions  tlic  rollovin^  oompountb  bave 
pr^ttrcd: — 


ConpooBd. 


CI;o<d , 

Trilyl-glj-eol  (Propjl-glywl) 
TelrjI-glycol  (Butyl -glycol) 
Amyl-glyool 


VorhiIl 


3,6a 


BpciiAsani 


UfuU. 


rias 

rogi 
t-048 
9987 


3-18 


£«cli  of  these  glycols  corrtspoutls  to  a  mouatoiaic  alcoli 
wliicb  contains  3  atoms  less  of  oxygen  : — 


AWbol. 

(VIA 


Trlljfl-alanhn]. 


lVU}>l.«ln>bnl. 


Tn1il>(lrenl.  T«ti7t-gl7ei>l. 


AnjI^HlwI. 
AnQl-Clr^. 


The  glycoU  when  exposed  to  tbc  action  of  air  or  oxygen  nad 
tlie  influence  of  platinum  black,  or  when  licatrd  with  hydrate 
|iotaali  9i)«e(lily  become  ustdizcd,  aud  furuieU  acids  wbioli  beloq 
to  the  lactic  or  the  oxalic  acid  series: — 


alyMl. 


GlfooUp  told. 


It  will  Iw  uuiiccessniy  to  enter  miimtely  iato  a  descriptioo 
tbe  glycols,  as  the  general  properties  of  tbcst  compounds  will 
sufficiently  understood  from  the  following  account  of  cthylicglyod^ 
for  further  <lctaila  the  reader  is  referred  tu  Wurtn's  paper  ou 
subject.  {Ahm.  de  Chimie,  III.,  Iv.j  400.) 

(1046)  Glynl,  or  Ethylene  Alcohol,  [C,H,0^=  ^*'»^**  |oj 

Boiiint/pt.  ^8y°  ;  Sp.  gr.  of  liquid  I- 12^  ;  of  vapour  2- 164. — Wli 
hiniodidc  of  ethjlcue  (CJljlj  ia  triturated  with  anhydrous acet 


*  It  is  indwd  potsible  that  Ihnt  is  n  olus  of  eonipoaudj  retirvaenltd  I 
glyoxftt,  inti^riDcdiiile  botwocn  thcic  glycols  and  llii>  gljcolio  or  Uctir  m 
»(>rie«,  corresjxiDdin];  to  tlie  nldpliydii  of  ihc  monobaaic  aloohoU  <Drbm>l , 
uitl  the  researi-lics  of  Dcbiu  hare  furLliur  roader«d  it  uM  ualiiely  Uut ' 
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SiO 


I  Ae  proporUen  of  to  parts  or  one  atom  of  tlie  forracr 

l«a  ktums  of  the  Utler,  ftud  ihe  nilxlure  in  iutroduced 

I  brisk  mctioo  Hpetslilj^  begins  to  take  (ilacc;  the 

fue^  ioeI  tlie  ma:S9  hpcomcs  jcllow,  owing  to  tlie 

pfiodulc  of  silter;  wtiile  carlMioic  aricJ  and  olefiant  gM, 

I  •  wfon^Bry  deooio position,  are  e»-oIved  iii  »buiHlance. 

t  ef  Ihis  nactioB  is  tlien  to  be  submitted  to  distillation, 

I  irliich  come  over  bctwecti  310°  and  400*,  arp  to  be 

ileJy,  and  rectified  ftxnn  litliarge.      By  repeating  Uie 

■lid  rollecting  tlw  product  in  separate  portions,  a  liquid 

*  irined  »bich  boils  at  365°    and  may  he  distilled 

_Mog  decomposition.     This  liquid  is  lie  binucetate 

if  ibe  Mcoudarjr  product*  of  the  reaction  be  ncg- 

Cioa  may  be  tJius  represented : — 

■  «tiA*w.  BhnBtt»t»i>fttr«l. 


(AgO.C.lI.O,)  =  i  Agl  +  C.ll.O,.  I  C,H,0,. 

[of  glycol  \%  a  colour]t%s  neutral  liquid,  which  emits 

?ur  whni  heated.     It  is  lieavicf  than  water,  in 

[•ligbtly  soluble  :  alcohol  diMiolvw  it  frnuly. 

of  glycol  appt-ara  to  lie  formed  when  biniodide  of 

upoQ  by  anhydrous  bcnsoatc  of  silrer;  other 

[cwi»c  attack  the  biniodjdeof  ethylene  with  fneility, 

smpound  glyeollc  ethers  may  be  obtained  without 


(ho  oxalic  *(rri«9  of  Bpids  iJ  ft  llilril  inl«rniC()iiit<'  <n^i)|)of 
ratstiT*  of  nliich  ii  the  glTQxnlic  {1003}.  au  llial  the  diCvreut 
ion  of  glycol  would  be  ilio  foUowiog: — 

Olynil.  Gl;mUoH>a.  

GhonL 

OijKmlkacU. 

OuHsuM. 

budiu  maj  further  br  tUii*  r«pR:wa((d  :— 

CB.O,  Olywl. 

€41140.  MAvhxA  fu  yet  UDkaowa). 

C,0.O,  Uljvoiic  ajL'id. 

C,U,0.  Acid  (u  yet  unknovn). 

C  f '  '  '  >ad  uMi'li  J  J  (kIjoxxI)- 

C,  I '  ■  ■jiiilio  «x\dt 


I>KniV.t.TtVES   OP    OLYCOL.  ^M 

Wheo  binacetate  of  glyool  w  ttigeded  upon  powdered  liydnii 
of  barj-Lii,  or  liydmtc  of  [^otaeb,  aa  cucrgctic  actiou  spccdU;  coil 
lucnce«j  but  LW  mixlurc  luust  t>e  iiiui»tiuiit»l  at  a  teiuj)«raturel 
ubout  360°  for  a  few  lioun,  iu  urdur  thai  ike  decompLMition  tnl 
he  complete :  if  it  be  then  Bubmittcd  to  distillatioa,  glj'col  pud 
uvcr,  and  may  bo  purilicd  hy  fracliuiuitccl  di»ltllatioD.  ] 

Glycol  10  a  cduurless,  sligbtly  visoaui>  liquid,  with  a  svd 
taate.  It  doea  not  nolidify  even  in  ttie  cold  produced  by  a  bu 
of  carlK>iiic  acid  and  ether.  It  may  be  distill(,-ct  uualu-rcd,  ui 
yields  au  iuflatnmable  vapour.  It  ia  soluble  in  water,  and  id  aloq 
liul)  ID  all  jD'oportioiis.  Uther  does  not  distiiolt'e  it  iii  any  concilia 
aUequautit/.  Glycol  iitiiDnicdiati'lyattuckcd  by  sodiuiu  ^  brm 
gen  is  disengaged,  and  a  white  saline  mo&s  is  formed  {C^H^NaOJ 
tnoHo-mdium  glycol,  wbicb,  when  heated  with  more  aodium  in  ■ 
oil  b»tb  to  374°j  fuses,  and  i»  gradually  coiiTCrti^d  into  a  wtiifl 
deliquescent  mtoA,  discdium  glycol  (C,H^)"NajO^  or  glyeol  w^d 
contains  3  atoina  of  sudium  in  the  place  of  3  of  hvdrogco.  I 
gb'cul  be  heated  with  hydrate  of  potaab  il  cxpcricncea  oxidutioo 
and  pure  hydrogen  ia  evolved,  wblUt  oxiJate  of  potash  ia  the  du^ 
product  in  the  residue: —  J 

Olyeol  IB  also  oxidized  with  great  energy  by  nitrie  aeid,  osu 
acid  being  formed  in  abundance;  if  the  acid  hv.  allowed  to  od 
Tcry  graduully  by  di(Fiiidoa  into  glycol  diluted  with  twice  its  boj 
of  water,  tbc  product  of  the  oxidation  is  chiefly  glycolie  acid.  1 
the  aume  cxi»primeut  he  made  with  tritylio  glycol,  lactic  acid  j 
the  reeult  of  tbc  oxidation  : —  I 

_  cJiA+o,  =  uo,cXo,+nA  j 

(1047)  Eihera  of  Glycol. — When  glycol  is  saturated  with  hydl| 
chloric  acid,  and  hentcd  in  a  scaled  tube  to  212°  for  24  tuiall 
combination  between  the  two  takes  place,  whilst  water  is  aefji 
rated ; — 

Cjil^.4-HCl  =  C.HiClO,+  nj0a. 

This  body  is  a  neutral,  colourless  liquid,  freely  soluble  in  watt 
boiUng  at  263°.  A  solution  of  potitsh  instantly  dceumpotica  i 
ruriiishing  a  volatile  liquid,  hinoxtele  of  ethylene  (C^I  \^"0, ;  Sp.  | 
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'  1-419  }  tioUinif  pi.  j6^  Tliis  body  Is  ohmSIc  witli 
bat  ba*  a  lower  boiling  poiut,  and  it  docs  not  form  any 
\ne   fODiiicitiiid     nitb     atiiinouin.        It    in    jNilynieric    witli 

ether    (C,ll,},"0„  a  subaamoe  irbicb,    bowcvtr,  Warla 

1  BD»[))e  tu  ubuiu. 

sCtrnipting  to  deprive  glycol  of  wat<rr  by  trratuieuL  witti 

of  21U1;,  trtie  nldcltyd  Ra*  oblaiucd,  mixed  witb  some  of  its 

C.H,0,-H,0,  =  C,H,Oj. 

mI.  Iiowerer,  forms  compountl  (.■thcrv,  in  wbicli  t  atom  Or  a 
arid  may  be  present,  ai^conJing  to  tin;  pmportimi  of  water 
:  ihv  tirct  ifi  cjEonijililied  in  tlte  niount'etat^  uf  glycol ; — 

ad  csae  i»  cxcmpliticd  in  tbe  binaootatc  of  glycol  : — 

'  caaes  two  iltll<;rent  acids  arc  uuttcd  vHh  tbc  molecule 
in  tlie  acctobutyrate  : — 

|C,H.O,+  C.ll.O.+cXo.-a  HA  =  Cji^. 

loride  of  etbyleuo,  or  Butch  liquid,  is  the  true  bihy- 
icT  of|i;lycol,  and  the  bibromideof  ethylene  is  bihydro- 
o(  glvool.* 


:  Bnd>  lliat  if  oxide  of  elliylooe  (C,H,0,)  bo  *<>h]k1  up  in  a  tnba 
j  heatvd  irilh  it  fur  iiumc  hour*,  n  feriraof  ojimgiouDdii  nreiin>> 
Em  uitglM  the  rolloHiii),'  <Min[KMili<Mi,  starting  witL  f(lyool  :— 

Di^Uiyleae  aloohol     .    .     J**^*H''»"}0.  =  C,n„0, 

ftU   rrsrniblo  sicoboli  in  their  proportir*.  luiil  aru  tcrtiMd 
hUi  by  WuiU,  glycol  he'iaft  forini;d  on  ibc  dint«nii«  typo, 
I  llaDbal  on  'lbs  trisioiato  type,  aad  Iriviliylrua  alcobol  on  uie 

u>  br  iiot  ioifn^baUi-  tlmt  tbcr«  ar«  diaUintio  alooliolt  in  tbo 
■^  '•}-  :)  f-~>  ntiiirli  tb«  bi^Tizoic  Knd  wiliejiic  Mtrio*  bc^luiig  i  for 
iw  '  d  thai  KaJlKCiiiii  |ia;i)  BuiT  b«  Utf  UibMia 


«-«i-^*a^b' 


would  riini:»li  «Aliir)'lic  ttcid:^ 


raito  furtbvr  duciJttioa  ftvaa  rspmmvat. 
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Iriations  they  present  n  close  an«losy  with  the  compound  ethcra. 
The  prcdoiuiuating  vlcntciiM  iii  their  com{)Ositk)ii  iirc  carbon  ami 
bttlrogcn,  aud  aa  a.  general   ntle,    tin.'   greater  the   proportion  of 
Ckrbou  aud  the  Ic^  that  of  oxygen  which  thej"  contitio,  tlie  litgtwr 
u  tlieir  melting  point.     T)ii;  vegetable  fats  mid  oiU  occur  in  vari- 
Dos  |«rtH  of  the  jdant,  but  tlici,-  are   ino^t  abuiiduiit   iu  the  wed. 
Tbe   •eeda  of  llic   crutifera  *re  particularly  rem arkaltle  fur  the 
lup»  quantit;  of  oil  which  they  furnish  ;  ra])csce>l  contnius  fmin 
35  to  40  per  cent,  of  oil,  and  Iini>cv(l  furnishes  more  thnti  a  fifth 
its  vi-ig^ht.      Tbe  fle&by  fruit  of  the  olive  aim)  jrtflds  oil  in  great 
idauc-e,  and  the  same  i»  the  ca«e  with  the  £lais  ffuineetma  or 
ui]  fruit.      Til  aniiuaN,  fat  i«  particularly  liable  to  oocumulate 
nliatvty  heiicalh  the  cuticle,  also  in  tlie  umontum  and  around 
kidneys.     The  fntty  bodies  obtained  from  w arm-Id ootlcd  animali 
Kcncrally  solid  at  ordinary  temperatures  ;  whilst  those  fioni 
and  from  cold-blooded  auirnalR  are  li(|iiid.      In  all  caaen,  hotli 
the  animal  aud  in  the  pinut,  a  certain  quautity  of  some  albu- 
id   SDbstancc  occurs  asHociated  with  the  oily  body,  and  this 
itaaco   excrta  an  ini|M>rtHnt  choniic.il    inRiieiice   uj)on  tbe   fat 
kept.     In  the  extraction  of  the  oil,  simple  pressure  is  geiie- 
I5  RulHcicnt  to  sejArate  it  fVum  the  cells  of  the  tiantie  in  nhich 
MCOQtaiuMl.      If  it  be  solid  at  ordinary  teuijicraturcs,  it  may 
be  procured  by  boiling  the  tiwnc  with  water  ;    it  then  risca  to 
turfitoe  and  formw  a  layer  which  solidilieii  on  cooling. 
The  fata  aud  oils  are  lighter  than  water,  having  a  »)>eciric 
itj  TarytDg   from   about   o'9i    to  0^94  ;  they   have  difrt-rcnt 
of  tolidity,  and   do  not  conirist  of  any  m'ligle  prusimate 
ipic  in  a  state  of  purity,  but  are  for  the  most  part  niixturcs, 
tarying   proportions,   of  at   least  three  different  closely  allied 
;  two  of  which,  viz.,  tlearin  (from  ariap,  finet)  a»d  margarin 
fUftyapin',  n  [>carl,  owing  to  its  pcnrlv  luBtrc],  arc  solid  at 
!ta«ry    lcm|)eraturcs ;     whilst   the    thini,  olchi,  ih    liquid.      The 
tbe  proportion  of  olcin  which  is  pn^iciit,  the  softer  in  the 
I,  uul  tlie  lover  is  ita  fusin;;  point. 
All  fata  are  Holublo  in  ether,  and  to  a  eectaio  extent  also  in 
loL     OU  of  tnrpentinc  and  bcnxol  likewise  dissolve  tbcro  with 
ility,  antl  the  difftrcnt  fats  and  oils  may  be  mixed  with  each 
ia  all  proportions.     They  jmaaess  the  property  of  reodcriug 
teraitrauspajwnt,  producing  what  is  well  known  as  a  greasy 
The  fatA  and  m\s  roar  be  lieatcd  to  nearly  ^00**  withoaC 
ing  any  importaut  change,  but   they  canuot  be  distilled 
vithoat  cxpcrieuciug  decomposition.      lienct:  the  Uirm,Jia:ed  oH*, 
H  applied  to  these  bodies  in  coatradistinctiua  to  that  of  CQiat'ttt  oiln, 
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wliicli  is  given  to  tho  fragriint  r-Mteucca  oblnincd  from  tho  regcuj 
kiii|;()om,  which  may  be  distilled  witltoat  sltcrnlion.  At  aU 
500"^  ttie  fats  and  oils  begin  to  give  off  acrid  and  offensirc  vapoo 
and  at  a  little  nbove  doo*^,  tliCY  arc  rnfiidlj  tli\x>niposed  n 
evoltilion  of  gaseous  h>^di<ocarbous,  the  escape  of  nhioli  givei  to] 
oil  the  atipeitrancc  of  ebullition;  m  tlie  result  of  tbcdLsLillBtioi 
mixture  of  solid  niul  liquid  hydrocartjons,  of  water  atid  of  Taril 
fatty  noidft,  nocom panicd  hy  a  pcculiarljrirritntiiig  ^uIiMtanccterd 
acroloiu  (1071),  are  formed  and  may  he  comieused  in  tlierecei*| 

(1049)  General  fiattircof  Ihe  Neutral  Fair.— the  fatty  boi 
when  hnttrd  with  the  liydrated  alkalt<;ti,  exfieriencc  k  pocnt 
chaii;!;e,  long  kuowti  under  the  title*  of  saponification,  orcoiireni 
into  »oap  (1063),  during  which  procru  all  lata  yield  up  a  viif 
liquid,  ivhit^'li,  owing  to  itH  sweet  taatc,  hut  been  tcrmiil  ^/yM 
(from  yXvc»c.  sweet).  'Ftic  nature  of  this  ohaii;!C  may  lie  iMj 
tuiiicd  by  ilisiinlving  the  Eoap  in  water,  and  then  adding  iwmeai 
such  B»  the  tartaric  or  tlie  liytlroohloru;,  w Itirli  coinhiuvs  with  I 
alkali  and  forms  a  salublc  coiuimuud  with  it.  Unctuom  flocc 
are  thus  separated,  and  on  the  application  of  Iwat  tliey  nidt,  I 
fortn  an  oily  layer  on  tlie  ^urfiicu  of  the  fluid.  This  siibotM 
when  eold  is  found  to  po^csa  properties  very  diffcrcut  from  tH 
of  the  original  fat.  It  is  crystalline,  freely  soluble  in  alcohol,! 
the  9piritnou»  i^olutioii  reddens  Ittnius  paper  stmugly.  It  poesei 
distinctly  acid  charaetcr»,  and  it  isHOlublcat  once,  and  without  I 
appearance  of  uiilkiueM,  in  hot  alkuliue  liquids. 

This  nnctuQua  matter  varies  io  consutcnce  and  quality  ■ 
the  iiutiirc  of  the  fat  frunl  which  it  i#  procured,  and  is  for  the  ■ 
part  a  mixtnre  of  three  aeid'*  (ilerivt-d  from  the  three  bodica  alrfli 
nieiilioiict)  as  forming  the  greater  uuiahcr  of  tlie  &t>},  and  iecfl 
respectively,  oleic,  ateoric,  and  tnargartc  acid*.  It  is  found  d 
the  united  weight  of  the  glyeerin  aud  of  tlu-se  fatly  acids,  alwj 
exceeds  by  3  or 4  per  cent,  tliat  of  tliefatorigiualljr  ewploycd.  J 
fact,  the  olcin,  Ktearin,  and  mai^arin  arc  tneh  compounds  1^  a 
resjiertive  fatty  acid,  with  the  basis  of  glycerin,  irhi<!h  bia  n 
displiLced  by  the  alkali  in  the  net  of  forming  soup;  the  alkalf 
displacing  the  base  of  tbc  glyeerin,  gires  np  a  portion  of  wata 
it,  and  hence  increases  its  weight ;  while  the  fatty  acid,  on  be 
Rcparated  frum  the  i<oi)p,  aho  in  like  manner  combines  witli  a  n 
tiou  of  water.  Simple  mixture  of  the  glycerin  and  of  the  & 
acid  together,  therefore,  does  not  again  produce  tlic  c»l  or  £kt  a 
nludi  they  were  obtained.  I 

The  maaterly  analytical  reeesrclica  of  Cbevreul  upon  the  I 
hare  recentJj    received   comjVete   e^^u\«\.um  W  the  parallel 
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markublc  •ynthctic  csperimeiit*  of  Bertlielot,  which  Ii«tc  sljown 
that  ihv  orilinary  Tarictic*  of  natwrnj  fats  and  oils,  an*  the  triliasic 
-m  of  the  triatomic  iilcoliol  plrfprin.  \Vc  hare  alrendj*  •ecu 
;l...:  compound  ethers  of  lUo  muiioluaio  olooltol*  by  the  action  of 
ntor  hccom«  converted  into  the  hydnited  acid  and  alcohol ;  in 
&  MTnitnr  manner  I  lie  f«t->,  hy  Ki|>oiiirK'ation,  or  hr  tlie  action  of 
"ifcr  at  an  elevated  temi>oratuw,  are  converted  into  the  hydratod 
-  _v  acid,  and  glycerin.  Oxalic  ether,  for  iastancR,  undergoes  the 
ibUowing  dccotnporition : — 

OiL>^  r<hrr.  AlMbol.  OiditaaH. 

a^il.O.Cpi  +  a  11,0,  =  2[C,»jo,H0)  +  2  H0,C,0,; 

■ud  the  formation  nf  stearic  ac^id  mid  glyccnn  from  stearin,  may 
Ijc  repre»entpd  hy  an  analogous  etiuatioii ;  thus  : — 

C.H,0^3  C„II«0,+3  II,0,  =  C,H,0,+3  CHO,C„U„0,). 

When  the  oils  are  mi\«1  with  an  aqueous  oohitioii  of  tliealka- 

•AponifUnliou  t»keH  place  slowly,  hut  if  the  oil  lie  diMoIvcd  in 

sbol^  and  tlteu  mixed  with  an  nlcoliolic  soltiliun  of  the  cniiaia 

ii,  both  It  a  iKitiiiig  tempcratnre,  the  aa|ioiiiticatton  is  iiistan- 

and  complete. 
The  nponifir'ution  of  the  fnta  and  oils  may  be  efTcRted  by  heat, 
thrm  with  tlie  aubydroui  Iwies,  such  as  cdiistic  iiine  und  oxide 
:  1«ad  :  but  a  large  proportion  of  the  gly ccriii  is  ainsys  de»tn>ve<l 
[in  the  operation,  for  want  of  Mater  with  whiHi  it  i^aii  combine  at 
lllte  moment  of  its  liberation  from  the  fat ;  and  utilcM  the  liRat  ha 
Icarvfully  regalatod,  tlic  fatty  odd  it«clf  ta  liable  to  become  de< 
jeoBpoied. 

When  the  oily  Nr*(U,fiich  Malmondu,  walnuts,  or  jinjipy  seeds, 

cniahed  or  pulverized,  so  as  to  break  up  the  cellular  ti&iue,  and 

Bg  thar  ecTcral  t>ont{)onciits  into  mlntiirc  with  cnch  othrr,  the 

JMiml  fatty  Itodies  which  the  seeds  naturally  contain  an>i;radnnlty 

ted  into  fatty  acids,  and  glyccnn  i«  liberated.     T)ii»  ch&ugr: 

linen  sliown  by  PcIoiizl-  to  depend  upon  the  nrtion  of  an  albu- 

ferment  contained  in  the  pulp,  and  to  be  independent  of 

[;ih«rption  of  oxygen. 

'The  t^ta  are  more  fusible  than  the  ncids  which  they  furnish  on 

[  tt(MKiific>ititin,  but,  when  cxpo!>Ptl  to  a  low  temperatun;,  they  lieoomR 

I  >idi  lianler  than  tht  fatty  arids.     Oeiiernlly  they  arc  ilc.'«litutc 

'•'i^loar  aud  ta>te ;  the  pi-culinr  sc-ciit  emitlcil  hy  some  of  them 

WjtniiiDg  upon  the  presence  of  n.  small  proportion  of  some  glyccriw 

■iJifnand  of  one  of  Oie  rolotile  oily  jtcids,  micli  as  ibe  bulyric, 
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valeric,  or  capric.     It  is  wortby  of  rcmaric,  tliat  alt 
tlieiuvelvt?)  are  hut  spsriugly  soluble  in  nk'oliut,  thoir  I 
great)]'  iiicrcaM'd  )jy  the  pmencc  oF  n  fn-c  fntty  ticUi. 
appeam  to  coiubiac  with  maay  or  the  oils,  hut  it 
into  atuide»,  and  not  into  true  m»|>9  (Rowney).     Tliej 
of  ammuiiia  with  nlniutxl  oil  aai  with  cnitor  oil  arr  cc 

(lojo)  RaHcidily  0/  Oils. — Fals  atiit  oils  are  suhjt 
liar  cIiaDge  in  their  properties,  popularly  distiuguLphwll 
'rancidity.'  Thi«  cUttugc  w  attciiilnl  nilli  a  slight  bI* 
oxygen,  and  it  appearB  to  be  due  to  the  decornixMitioii 
iimcilagiiiou»  and  albuoiinous  matters  contained  in  t^ 
[luring  their  dwny  rract  on  the  fat,  M-ittn^  ttvc  tbc 
and  decom)>osiiig  the  glyrcrta.  Perreetlr  pure  fatsan^ 
))ccunic  rancid;  and  raiicidily  may  be  completely  remod 
in"  or  WB*hiiig  them  first  with  iMilin^  water,  aiul  U 
with  a  cold  weak  alkaline  ley.  AVhen  the  regetahle  I 
|itoycd  for  piirpot>es  of  illumination,  it  is  neceeaury  to  J 
from  these  miicilnginoiiii  matlcrF,  which  othcr»iae  becq 
and  eneruat  the  wjck,  and  thus  prevent  tlic  oil  from  bof 
To  effect  tlii&  purification,  the  oil  may  be  niixi'd  with 
of  its  weight  uf  oil  uf  vitriol,  nhivh  is  to  be  luMcd  id 
tioaa  at  n  time,  kwping  the  misturp  in  continual  agiti 
Hocculi  are  thus  formed,  vhicli  subttiilu  wh«n  the  mixtd 
rest.  The  BUpcrnatJiut  oil  is  then  to  be  dmnn  off,  and 
)»g  acid  ift  to  be  removed  by  agitating  it  with  oiic-fouru 
of  water,  mingled  with  a  small  projiortiui]  of  litnc.  ij 
in  rcmlem]  fit  fur  ui>c  by  filtriition  tbrongh  charcoal.    ] 

(lOjl)  Drying  and  Non-drying  0U». — OiU  niiiyj 
arranged  under  two  distinct  elasscs,  according  as  they  ■ 
not  pow«*»  the  jiro[wrty  of  absflrhiug  oxygcii,  by  w|)| 
gradually  converted  into  a  solid  mas*  ;  lha»e  nhieb  1m 
in  thiii  manner,  are  termed  'hying  oiU.  Some  otls,  »uq 
oil,  in  undergoing  lhi»  change  do  not  evoke  any  [;iu  i] 
the  solidification  of  most  othertt^  an  rvulutiun  of  ea 
Rttended  wtnctimcs  with  an  escape  of  bydnigen,  takes  1 

The  non^b:ying  uil»  do  not  ab-orlj  oxygen,  but  nil 
into  elaidtu  by  means  of  &ubuitrate  of  mereary  or  br] 
iiitrogcu,  a  reection  of  which  thow  of  the  Rr^t  nun 
Bowcplitdr.      Tlic  toliilifiealion  of  olive  oil  ;  ^H 

of  pcmxidc  uf  iiitwigcn,  not  c\rrpding  ,l-^il- 
oil  (1137). 

Tl»c  principal  drviog  oils  arc  those  of 
poppy,  cod  liver,  and   »iicTni   oil.      'Itie  «U; . 
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ailf,  Kod   ooBsoiiuoitt  ctcratioa  of  temperaliirr,  ix, 
aralJc  karcunutanen,  $o  rajtiil  m  to  be  attcodL*;!  nitli 
t  hi  eaufo  tliL'  mu»  to  tako  6re ;  and  i^cvural  scriouo 
■  kaw   Iweti    traced   to   tbe   spontaneous  i^uitiou  n( 
',  or  tov,  soaked  in  limeetl  oil,  which  had  lieuii  thrown 
rcftm:  heaps  aftcx  it  had  h«eu  used  in  cieauiug  raachinerjr, 
JVC  Of  lirj-ing  propcrtjr  of  these  oils  maj   be  much  iii- 
.ligr  beating  them  witli  about  one-tirenticifa  of  their  weight 
hich  bocomei  coiuplctely  dissolved  by  the  oil.    Osido 
me  inajr  he  used  for  the   production  of  a  similar  eOoct: 
vltieb   has  beoa  tbuH  tn-atet),  is  technically  known  a» 
Cbcvreul,  honrever,  statea  tbat  it  iei  uiiucccsaary  to  beat 
w>  loDg  a  time,  or  to  &o  high  a  temperature  a»  is  com- 
d  ;   linseed  oil  heated  to   140°  in  contact  vith  on<>- 
its  vin»bt  of  oxide  of  maiigauenc,  hariug  acquired  powerful 
-lies.      According  to  LicbSg,  the  iiicrcnsod  rapidity 
■hoi  tTMtrtl  I)ccomcs  hard  cm  exposure  to  the  air, 
■ho  mudinniciO  removal  uf  the  impurities  of  the  oil  by  tbo 
,  which   allovs  the  oxygeu  to  eome  moro  f[e«ly  iota 
e*ch  particle  of  the  oil. 
IrTiut;  oils  uc  iwt  solidiRcd  by  contact  with  pcrosidc  of 
tr  witli  tHihnitTTtte  of  imnrcury,  and  a  fraudulent  loi^tture 
•ilk  oI)v(>  or  nifuond  oil  may  thus  be  detected.     The  olcw 
:b  the}-  famish  on  laponificatioii,  (liflcrs  from  onliDary 
'  Tiltforbs  Dxy;eu  much  more  rapidly  than  the  latter; 
I  ICC  of  this  oxidation  it  spretUly  hecontoscunvertovL 
paJTiit  mlid  rarDtftli.     For  a  ciireful  iuvesiigation  uf 
whidi  fwcur  duriuj;  the  drying  of  oils,  the  reader  in 
a  lAjMT   hf  Chovn-ul  [Ann.  dc  VAimir,  III.  xtvii.  209). 
iopDrtanl  of  the  oilH  wliich  do  not  bvcome  dry  hj  ejt> 
tlio  BJr  arc  olire  oil,  almond  oil,  rape  oil,  aod  coLu  oil> 
1^  auimul  oiU. 


tioH  and  Proprrtiet  of  the  prindpal  Oils  and  Fats. 

I.  OfiM0«/(i9).yr.  o'giH]u  prepared iu  gprcatabundaucc 
itll  -  Tintriea  of  £uio]ie;  it   funnHhea  the  principal 

.  -red    in    ntaking  Marseilles  and   C'aslilu   Ktap. 
tttc  tint  aubjccted  to  pressure  without  tbe  appli* 
'       'lits  maimer  the  Hiiest  oil,  or  virgin  oil,  is 
.^  afterwards  hcnted  with  wuti-r,  and  a  lar]pr 
^,  fen  mferior  niucitn^inDiisoil  risea  tuthcBurfaw  ;  it  is  thi 
^MfAy-  employed  in  boap>D(Uikiitg.     The  oil  is  always  01 
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much  finer  qualitv  if  extracted  immcdtatelf  after  tb^H 
been  crnsbcd^  bs  otbcrwiic  it  cxjicricnccs  ft  kiud  of  fBi^f 
wliicli  injiin'K  tlic  flavour  of  tlie  |)ri>i](ict.  T)ii-  miIiiI  ii^H 
olivo  oil  is  almost  exclusively  niitrgsrin.  Oiirc  uil  M^| 
rancid  vhen  kept ;  it  bccoiDcs  partinll^  solid  at  a,  fcfl 
below  32^.  ■ 

i.  Abwmd  oil  (irp.  ffr.  0*918  at  fio°)  i«  mttcb  le^  ^H 
employed  tttan  otivc  oil;  it  ia  cxincted  froni  tbc  kcf^f 
Am^gdalns  communia,  by  n  procL*^  similar  to  tliat  iulopt«^| 
otb     It  solidities  at  alwiit  — 13^.  ^| 

3.  Colza  oil  (sp.  ffr.  0'9[3),  which  is  lankly  naed  WM 
Dating  purpcoi^,  is  ubtnined  from  the  Bcetl*  of  tbc  ftr 

It  is  of  a  yellov  colour,  and   is  nearly  free   from  .. 

temperalurc  of  a"  F.  JC  becomes  nearly  solid.  Coht^ 
Dpariiigly  i^oluhlc  in  cold  alcohol,  but  is  readily  di»ool«flM 
ing  alcohol.  H 

4.  lAiueed  oil  {ip.  gr.  0*939  "^  54^  "  {tiremed  from  fl 
oTthtt  t.inutn  juttatUmmttm^  which  yield  about  one-fiAl]^ 
weight  of  it.  It  has  a  di(;ht  peculiar  odour,  ixof  a^-etldM 
and  rcnieins  liquid  till  within  a  few  degrees  of  o^.  0^| 
|)Owcrful  dryiug  [iro|)crtle9,  which  arc  much  incrcasrtl  aftlfl 
it  with  a  Huiall  (jimtitity  uf  litharge  or  of  peroxide  of  ma^| 
ia  extoiisircly  used  as  a  vehicle  for  mtxiug  with  adaun  ^| 
i»g  in  oil :  it  is  also  largely  employed  in  the  preparatioti  ^^k 
iub,  ill  the  ]irep»rHtioii  of  hlat,-:!!.  eiiamel  for  leather,  1^| 
raniisbing  of  oiled  Bilk.  If  cipused  fur  somo  time  to  A'^I 
pcraturc  it  Iicconica  coiircrtcd  into  a  dark  tcnnciotis  n>^| 
when  cold  may  be  dr»w»  out  into  threads;  in  tlti-  ft  ■•-^ 
with  charcoal,  it  coiislitulcs  printer's  iuli.  If  thr  trjj. 
ubtaiucd  by  heating  tlic  oil  Ik  boiled  for  some  houn  oiilij 
nitric  acid,  it  actjuiotsi  a  consistence  resembling  ths'  -* -^. 
lead  plaster,  and  hccooKs  hard  on  expo^ui'U  to  II. 
sotlcus  agnin  by  the  hrat  of  hoiliug  nalcr,  and  AC(|UirEafl 
toticc  resenihliug  that  ofcnoutelKmc,  for  which  it  lui*  Im^| 
tutcd  io  some  itiHtauces.  This  cauuirhtMc  uf  oils  ia  *^^| 
of  turi>cntinc,  in  bisulphide  of  carlton,  and  in  dtluce-jfl^| 
tiona;  on  ueulRduciti};  ibi^se  alk»line  Mihiltpn-  -^f  '^^^^| 
by  means  of  an  acid,  the  caoutchouc  ia  ]  ^| 
Utber  drying  oils  Ixaiitca  Uiiticcd  oil  yield  a  siouktc  ^| 
though  Idia  abundmilly.                                                          ^| 

TliO  oleic  acid  funiithcd  by  the  uponificatioa  i^C^^I 
dilTcrs  fhini  ordinary  oleic  acid  ;  Rnec  trnoa  it  fNMlA^^H 
ossiigua  to   it   the   luraiata   {ItO,C,^n    O  .       Ti    -^^^^^H 


ibe  uir,  eren  wliea  combined  wick  oxide  of  lead  and 

oii  (rp.  ffr.  o'868)  ia  the  liquid  portion  of  tlic  fat  of 

:i  wbalc.      It  !«  of  a  j-clloir  colour,  aud   Una  n  )m:cu- 

^ctcable  odotir  aud   tMto,  due  to  tlifi  prcsCuce  of  a  small 

fo(  tt  peculiar  oil.  termed  ;iAtffMm  by  Clicvreul ;  this  boiJj' 

>  "i-d    jtcld>  glycerin,   nud    a  Tolatile  add,  apjuiruiitly 

i  ibo  valeric.     Tlie  olL<:r  conAtitueots  of  tlic  oU  arc 

n  kod  olciii.     Tbc  oleiu  cootaiucd  in    sjicrm  oil  dtOers 

^■i  '  oil,  »!ti(%,  a]lliou;;1i  it  bccoides  aolld  under  tim 

HL  of  uiiro^cii,  it  |)uMCSM!«tk  drying  quality.  Sperm 

Bai  ■uQuolid  nt  about  45°.     It  may  be  purilied  by  agitat- 

ipuis  of  tbc  oil  witii  a  oiistnre  of  4   parta  of  chloride  of 

d  13  of    fiatcr;  a  &iiiall  (juautity  of  dix-utrtioQ  of  oak   bark 

nnls  addud  to  remove  txaceA  of  a  gelaliuous  matter  wbicb 

tbc  mixture  is  left  (o  settle  j  tlie  ck-ar  oil  h  after- 

.te«l  with  a  fltiiall  proportion  of  sulphuric  acid,   agniii 

vubaideiico,  and  waxlied  to  remove  adhering  Bulplmric 

narjr  tchateoU  [ap.gr.o-<)ij)\»  of  a  darker  yellow  colour, 

ire  di«tgrveablc  odour  Uiaii  the  foregoing  oil.     It 

e  solid  above  33^ 

Baer  oil  (jp.  yr.  o'928)  baa  recently   acquired   Impor- 

its  extensive  employiuentiuit  tlicrspeutic  ugciiL     It  is 

tlie  liver  of  the  Gaiiia  morrhua,  or  cominoii  cod 

at  rariiM  from  a  pale,  scarcely  perceptible  yelhivr,  to 

•TD,  tteoordiog  to  the  mode  of  its  extraction.     It  has  a 

"ir  nril  note.      In   addition   to  the  iisiial  conipu- 

.   oili,  ii  H|i]MraT»  to  coiitnii)  a  eouipouiid  of  nceiic 

Ivcciiu  {aoctiii,  1069);  it  also  coutaina  a  ccrtitiii  prD> 

cunxitiipiitR   of  the  bile,  and  a  small  qtiaiitity  of 

iai,  lM;^i^lc4  inioutc  qiutnlitiei  of  iodine  iitid   bro* 

«tatc   of  combination   vrith   soino   organic  auhstaoce. 

'       <  I  wil?K)iil  ditBeidty,  hut  cold  ahnliul  tukcs  up 

.   of  it.      'file  iodine  and  brfjiuiuc  arv  tiul  iu 

tncullic  iodide  or  bromide ;  ind<M»lj  their  preseuoo 

ilil  the  oil  has  been  Ka|iDnifiL-d  and  the  soap 

L  iivp  of  c>ju(u;iilr»ted  ftulpliiiric  acid  is  alloned 

tke   oil.  it  jiroduccs  a  beautiful  crirasoa  colour,  oving 

1  the  biliary  matter  present. 

.-,    ^  ■      ,"i)  '"  o*»t*incd  from  tbc  sccda  of  the 

;  it  fornM  ft  coiiticettug  liuk  Itctwccn  tlic  drying 

oibf  iince  it  grmlunlly  becomes  lord  by  long  ex- 
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pofture  to  air.    Castor  oil  hu  an  acrid  t&»te,  wllid)  it  u  < 
>>e  remoTcd  by  agitation  willi  magucsiu.     Tlita  oO  ii 
tiadd  ooaaiatcoce,  bat  it  docs  oot  1ict»iuc  aolid  ctc»  at 
ratureofo^F.     Castor  oil  diRvri   from   the  other   fii 
being  noloble  in  alcohol  in  all  prupnrttuux.     Tlir  pr 
obtained  hjr  it«  sapuuificatioD  ta  a  noodiEcation  of  oleic  t 
rieinoiac  acid  (110,0^^  11,^0^),  wliich  remains  fluiil  at  a 
contidenbly  below  33°.     By  tlie  acttou  of  imroxidt*  of 
booomc*  coorerlt-d  luto  a  nolid  isomeric  bt,  termed  ric 
palmie  acid.     "VVhcD   treated   with   ammuuin,   Bwtar  otl 
solid  cryBtallinc  amide,  rieifiaiamiile  (C^oHm^'^J.     Tbai 
dutilkd,  furnitthD)  ccnaiuhylic  acid  (llO,C,,U„a|;  ill] 
large  quantity  of  the  aldcliyd  of  this  acid  (C,,I1,,U,; 
vaa  termed  cenantliol  by  liuBsy.     Wlicn  castor  oil  ui 
hydrate  of  potash  it  is  decomposed,  the  principal  pro 
Acbacic  acid  (1135),  which  rctoaiiia  io  the  n-tort, 
gas  is  liberated,  and  ufiuaiitity  of  a  volatile  liquid  (octyHcl 
alcohol  mixed  nitb  caprylic  aldchyd),  is  difltlled  over  ( [^ 

(ioj3)    The   Solid  fo/*.— The   stilid   fnU   of  vcgr  ' 
which  are  in  moet  fre4}Ui!nt  use  are  cocoa-nut  oil,  out 
and  )>alm  oil ;  those  of  auiuial  origin  are  buUeTj  aoet,  I 
nwccti,  and  bees*  wax. 

Palm  oil,  natmeg  butter,  and  cocoa^ont  <hI,  coeb 
ferent  auUd  futty  acid,  which,  in  combinatiou  with  the 
oortB,  constitutes  the  pnncipsl  portioD  of  the  »otid  parti 

t.  Coeoa-nut  oil  ia  obtAincd  trnm  the  Vocom 
lafgely  conauiuetl  iu  the  inauufaciure  of  (.'andlca ;  it  ia  . 
the  preparaLion  of  a  species  of  Boap  employed  for 
water,  and    hence  teraiM  marine  toap ;  it  fuius  at 
Cocoa-nut  oil  is  a  very  coniplei   fat,  for  it  yicldi  not 
six  different  acid«  on   aapouification.     These  acids, 
Geoig^,  arc — 


Ijanricacid      .  HO,r.,1 
Mymtic  acid  -  11' 
Palmitic  acid  .  II' 


Caproic  acid  .  HO.CijII^Os 
Caprjiicacid  .  HO,C,,nnOj 
Ctpricncid     .  HO.cJh^O^ 

Cocoa-nut  oil  pfobahty  also  eont«ins  oleic  waA,  *».ji,x 
scbacic  add  wbisii  distilled. 

a.  i*tttm  ml,  which   is  of  a  bright  oranjfv  or  u 

colour,  ik  produced   from  '' '-         ■! j-r     r — 

gtdtutnM.     Tb«  oil  is  . 

Imiliii^   water.     It  has   aii 

^lulota.      Tlie  »t>lij  portion  tfi  ^—..i. ....  nui.ivi^  i,nii  u 
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^K  received  ttio  aame  of  p&loiltin,  tnd  wfaich,  wlien 
^Hds  pnlmilk  nciil  (tlO,C,jnj,Oj).  Palm  oilspeedUy 
^Bd  wlicii  koj^t,  am),  tlion^li  wlirn  trmh  it  mclu  at 
IPKrailualtj:  l)ci:iiin(?s  ]es»  fadblc,  till  it  rfmaina  solid  at 
:iire  of  loo^.  This  change  is  due  to  the  spontaiimuB 
iion  of  tlir  paltnitin,  ftntl  tbc.  libcnilion  of  palmitic  acid, 
Uhjence  of  aii  azutised  constitaent  of  the  fruit,  which 
^^hc  oil  in  tJie  procc»  of  extraction.  Palm  oil  is 
^Briscd  bjr  rrpoimtx;  to  air  &t  n  high  trmpcrnturr,  hut 
^Q&l  to  vtfleH  tbis  bleaching  of  the  oil  hy  the  sdditiou 
,4^uii(ility  of  eitlpbiiric  acid  and  hichromate  of  potuh. 
itatcs  an  importnnt  article  of  coninicrcc,  upwanU  of 
ing  kunualty  imported  from  the  vfestera  ooa&t  of 
eansamed  in  immeuse  quaiititi(»  iu  the  manofacture 
soaj). 

Minix  of  s  mixture  of  teveral  fata,  amongfit  which 
,titm  firiiic^ipal  solid  comtittwnt ;  the  olein  was  considered 
be  of  a  peculiar  kind,  which  he  termed  bvlyrolfin  ; 
•,hix»  »howii  that  llie  dilTer<'itcc  in  [iroperties  Ix^tweoa 
obtained  b)-  Bromm  from  butt«r,  and  that  obtaiued 
olcii),  depended  simply  upoa  the  oxidatiou  which  it 
IV  during  tlic  process  ndoptcd  in  preparing  it ;  nnd 
ircd  pure  oleic  acid  from  butter.  According  to 
K>litl  portiou  of  bnttcr  contains,  in  addition  to  palmitic 
acid,  termed  hy  him  butic  o«V,  HO,CjoH„0,.  The 
:  odour  and  flavour  of  butter  are  owing  to  the  prc-aence 
lily  of  some  peculiar  fats,  tie.,  butyrin,  caproin, 
ch  of  thc*e  fats,  when  saponilicd,  yields  glycerin, 
ts^XMr  volatile  acid,  viz.,  butyric  add  HO,C„H.0p  caproic 
^■H„Oj,  and  caprylic  acid  IIO,Ci,H,jO,. 
^^iti  in»taiiccs  IiCTuh  found  no  butyrie  or  caproic  acid  iu 
in  their  stewl  be  discovered  au  acid,  which  he  hii» 
raeritiir  0\O,C^|H^fi^).  This  acid  contains  the 
c(]u>VBlLiit  of  bydrntcd  butyric  acid  and  one  of  by- 
acid,  mintis  2  cqaivalenta  of  oxygen  : — 

I„OJ+0.  «  4  (HO,C,H.OJ+"a  (HO,C„H.,0,.) 

■^ite  of  harytn,  when  e^iposed  to  the  air.Rbiiorbi 
..-    Hwrnts  eonrcrted   into   n  mixture  of  butyrate 

I  of  tbia  biu«. 

|w  tlic  wft  fst  of  the  pig,  ia  uliicb  the  olein  prcdonii- 
oiargirin  and  vtou-in. 
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5.  Svf/  JB  ibe  fat  of  tite  ox  or  of  tbe  slieep  ;  whoa  mc 
it  forma  la)!ow.     Kfutton    «uet  Is    of  a  firmer   oo«u«t«D 
,  that  from  the  01 ;   its  soliil  portion    conaiati)  nlmoit 

rfif  stearin. 


(1054)  SpBBiiAciSTi  (»p.  gr.  0-940)  i«  Oip  tlie  wlid 
fat  which  i.1  extracted  from  the  Whiu  uf  tbc  iti)crinaci!tL 
ttt  accompanied  by  a  lluid  oil  ('•{lerm  oil).     Spcrtnticeti  dil 
tbc  ordiimry  fata  in  not  yielding  glyecrin  nlicii  uponif 
fiirnisiiing  in  its  «t«ad  a  ditt'erctit  b»M',  termed  rlhaX  (( 
Pare  npennuccti,   ot  ce/iii   (C„tlj,0,),   fuaoi  at  slioul 
•olidific«  to  a  silky  semitraii»parent  Dryst&Ilinc  fxt  of  dclic 
neiA.      It  in  insoluble  iu  cold  nlcohul  of  ap.  gr.  of  o-Sij 
Boluble  iu  bot  anhydrous  alcohol,  aud  is  fredy  soluble  ia! 
from  wLicb  it  cryatiilliecs  on   cooling.      It  ii>  acted  00 
cuUybyannciiicouswlutioQof  potaiih.     If  subjected  toiU 
it  ia  decumpowd:  a  liquid  hydrumrboQ,  CyU:u.  catl^i 
rrlylme,  parses  over,  aiid  uUiinatcly  palmitic  acid  (thsl 
Duma!),  IlO.C^lIjiOj)  dinili*  over. 

Tbc  ume  acid  ia  foriued  nhvn  spermaceti  is  fuaed  wit 
weight  of  hydrate  of  potasb  at  a  beat  of  nlxiut  120°.      Ul 
circumstances,  the  miiKS,  mbich  is  at  tin-t  fluid,  gradii 
When  this  has  oocorred,   it   mast   be  treated  with 
decoin|>0!«H)  by  bydrooliloric   acid:  the  fatty  ma«a  t» 
lime,  aud  tbeii  treated  «itb  alcohol;  palmitate  of  lii 
UDdiHulvol,   nhtbt    the  new   fatty  bosc^  cthal^  ii 
CTaporatiun.     It  is  purified  by  redi«aolving  it  io  ether : 
ntiofT. 

E(hal  (C„nj,0,=C,.H„O.HO)   ia  a   wbilc  solid. 
ti8".      It  in  sobibic  in  bot  alcohol,  nnti  crystallizes  in 
cools.     It  may  be  voUttiiized  by  hcnt  wttliont  esprrirac 
position.     If  distilled  vitli  aaliydrotia  pbwpboric  acid.] 
rtiau  CjjjHjj,  a  brdrocarlKni  hooioloj'OtM  nitli  olr ' 
|>oa»ca»es  tbe  |iro|)ertie3  of  a  true  alcobot ;  it  »i  . 
rvlatioD  to  palniitic  add  as   alcohol  doc*  to  acctie 
(sanplo: — 

I   the  rapaur  of  nJcobol   i' 
'.  hydmjco  cac^iei^  and  acci— 


■ecx'  WAS. 
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etiuri',  under  simiUr  Irealmciit,  also  eirolves  liydrogeti,  aaiJ 
ib»  [Mlmiuitc  of  putash  : — 

\l,"l>   1.  UylftuaTfiiutt,  •    Anwl<  af^tHli. 

cTh.  IMW  +  KO.HO  =  KO.C,  h7o]  +  3  II,; 

I    c„i j^ojlb  +-  KoTtio  =  Ko7c„u^, + 2  H,. 

^■njphurio  tdcl  it  forius  a  couj>le(l  add,  tlie  mlphoc^lic 
^'  ^ '^^ii)i     *l>>^'(>   corropoudM   vtith    stilphctliylic  acid. 

|iL    r   tC,3n„0}j  Iia3  aho   been    abtaiiied,  upcrmiioeti 

JLin  fjsct.  a  rriiii|)auii(l  of  tliis  body  with  paUtiitic  acid,  or  a 
Be  of  oxide  tif  cv%y\  (CjjHjjO,CjjIIj,,0,),  and  it  bomotogue 
mk  eUier  (C,IIjO,C\H,Oj).  Spermaceti,  wheu  oxidized  b/ 
moii,  TielcU  oeiiaiitliyiic,  udijiic,  atid  pimelic  acids,  aud  a 
Hutity  of  aucc-iiiic  acid. 

Ki^i  Bibs'  \Yai  (q*.  gr.  O'pfi)  has  been  ibe  aubject  ofiiuine- 
K  >a«,  but  its  true  Dutiirc  appears  at  length  to  have 

|lx...^_....ily  exi)laiiied  by  }&iaA\e  [I'hil.  Tratu.,  ii^'&,  1S49). 
■(Mabka  produce  subatauces  ia  apjicarauce  greatly  resein- 
K  wax  fiimislicd  by  tlic  boncy-bcc,  but  tlicsc  bodies  have 
H  tltonKiigbly  rxaaiiiicd.  B(.-c»,  even  though  fdil  u|k>ii  [>urc 
Hly,  have  tbe  powi-r  of  oouvcrtuig  it  iuto  nax,  ubii-b  itt 
B  lo  be  rc^rdcd  in  tbc  light  of  aa  aoimal  secretion. 
Ks,  at  orditiiu-y  lc-tti[)craturi-3«,  i>  tough  niiil  solid :  it  bast  h 
HsliMif,  a  peculiar  stniill,  and  au  uuctuuus  feci ;  it  fiiiKs  at 
H^.  Wlicn  exposed  iu  Ibin  slices  to  iho  air  it  becomes 
K  anil  ia  tticn  numcwltat  le^*  fiuihle.  It  may  also  he 
■  t^  mauut  of  nitric  Hcid;  but  chlorine,  though  it  destroys 
Btf,  cannot  bo  employed  iar  this  purpose  villi  advantage; 
lb  observed  by  Uay  Iiu-msc  that  »  KubAtitntioti  of  chlorine 
Brtion  of  bydrogcu  uociira  uudi-r  these  circurustancvs,  aud 
■lilli  1  maiU;  Uvna  eu«h  wax  arc  bunicd^  irritating  vnpotira 
K,i  1..,:  .  ^i,i  ^ixt  evulvi-d. 

h  ;«  orclin--G  diOiirent  subsCauocs,  which  may  be  par* 

■kratctl  rmm  CBch  oilier  by  means  of  alcohol.  TTicac  bwlics 
Wf^ricin,  which  i^i  it»nlublv  iii  boiling  alcohol;  2.  CVWn, 
Pb  aaA,  whicb  is  di8solv«d  by  boiling  alcoliol,  but  cry»>loJ- 
«t  nn  cooli<ig,  and,  3.  Veri^dn,  which  ia  retained  in  tlic 
j^oUc  liqnid. 

&TW,  the  »ubataQce  soluble  in  cold  alcohol,  is  a  greasy 
ntbtcb  the  cabiur,  odour,  and  tenacity  of  the  wax  art) 
rtM»  an  acid  nnctiou  ;  it  fu^cs  at  about  i^",  auJ  i^  readily 
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coMpoxENTH  or  «cea'  wax. 


toluble  in  ctber :  but  it  bas  beco  only  inoomplrtd; 
conslilutcfl  Dot  more  than  4  or  j  per  ccuU  of  the  wu.. 

Crrolir  atid  (HO.Cj^jH^O,;   BroJic)    \»   extracted 
hj  meaim  of  boiling  nlcohol,  aud  is  puriAod  by  iTCr7>t 
from  alcobuluutii  its  melting  point  rises  to  162°  F.     It 
rccrjstallizcJ  from  ether  until  it  fuws  at  1 74%  Trbicb  u  tlel 
ing  point  of  the  puce  acid.     The  proportion  of  free 
ooiitkined  ia  vtux  mrtcsio  different  samples.     Id  a  >[ 
Ocvlon  it  was  entirely  wanting.     InaKampIc  of  geiiuini: 
Operated  ou  by  Brodie,  the  ccrotic  acid  oonetiLuied  about  I 
per  cciit.  of  the  wax.**     If  due  earc  l>c  taken,  ccrotic  aitid  1 
distilled  irithout  imdcrgmiig  decomposition. 

Myriein. — The  portion  of  the  wax  iusolablc  iti  ale 
RtilutCK  upwards  of  tiiio>thirda  of  the  btilk  of  ordinary 
It  Tnelta  at  ■47°-      It  is  a  mixture  of  two  diQcreiil  bodii 
vhich  arc  insoluble  in   alcohol,  but  soluble  in  i-lbrr; 
CTy»ialUzc$  from  the  ethereal  solutioa    in    feathery 
iRpcatrtl  crystallization  from  ether  a  substanec   mar  be 
which  Holiditics  at  163*^  F.     To  this  «ab«tiLDCC  the  iwmti 
dn  is  confined  by  Brodie.     Tlic  other  more  fuitiblc 
accompanies   it  ia   leas  abnndautj   and  liaa  not   been 
iDrestigatcd.     Purified  myriein,  wUgd  fntcd  with  bydratcofi 
or  when  boiled  with  an   alcoholic  imlution  of  potAfth.  ii 
ftaponified  ;  by  thi»  means  a  K&lt  of  palmitic  ucid  is  < 
auothcr  wax  alcohol,  meliMjfUc  alcohol,  or  nulutfiH  (C^-j 
ift  lilier^ted.     From   this  deoompoiuCion  it  appears 
is  a   bo<ly  analogous  to  speruiuccti  and  to  L'biuesc 
myriein  being  a  palmtait  vj  oxitU  t^f  melUggl,  (C|gllg{ 

•r  (c„n„oj. 

Mclissiu  fuses  at  18^*.     Il  is  soluble  with    ' 

boihug  alcohoL      It  ciyatalUxca  irom   a   hut  6ul^ 

satiny  cry»ta]B.     Benaol  m  a  better  wit-eat  for  it 
alcohol  ur  ether.     Wbcu  mclis^ylic  aleubol  is  distilled 
hydrate  of  potash^  it  is   dooompuscd,  hydivgcn   ia  ««( 


*  Cliincfte  ««t  (C,„H^OJ,  the  prodm*  nf  a 
<  eoerut  Iriba,  contains  uprolir  scid  in  s  stato  ^f  i-i  < 
MFOtyl,  formini;  A  iiihftauee  vhifh  fuiwi  at   1^3'^.  and  u 
I  siwrmaMti,  «Uieh  in  iu  cryxttllmiT  ajiiiexrance  il  vonMtl*r> 
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nte  of  pobuli  is  fonnod ;  the  reaction  beittg  Analogoint  to  that 
htrh  acctsitc  of  [K>tw>l]  is  produced  wtieu  ordinary  alcoliol  U 
ed  in  a  similar  muioer;— 


HtUwtonrpaUah. 


I 


C«n^,O,H0+K0,H0=KO,C„H„O,  +  i  H,. 

aci^,  it  win  be  «ren,  lb  tlic  bomologue  of  acetic  acid,  and 

tu  tbe  wriea  of  acidi,  HO,(C,.H,^,)0, ;  it  fuses  at  192* 

may  be  volatilised  without  decoiaposiliou. 

^^'-    when  Hubmitt^  to  tlivtillntiun,  yields  scrcral  eolid  bydro- 

lonB  i*bich  is  mdtme  (Cg„IInn),  wJiich  fiues  at    i43°'6. 

;  >a)  product  of  tbo  oxidation  of  vait  by  meaas  of  oitrtc 

.  ..  >u>-<;inic  acid. 

fjom  ilie  fori'guiug  statements  it  appears,  therefore,  that  bees' 
lia«  mixture  of  ccrotic  acid  (oeria)  with  palmitateof  nielissyl 
),  in  addition  to  which  Is  a  portion  of  a  third  body  allied 
in,  a*  yrt  but  ioipcrret'tly  examined  ;  with  n  small  quantity 
greasy  subtttaoce,  ceroleiii.     The  following  wcll-dcfiued 
may  be  uuuinL-ratcd  wt  dcrirubirra  from  wax  :— 


itic  acid  {cfi'ia)    .     .     . 
^lic  alcubol  (ctro/m)  . 

wax 

le  {paraffin)  .     .     .     . 
-!-(:  alcohol  (iwefiw's). 

;u;id 

:  acid 

rncia       ...... 

le  [peraffia)  .      ,     ,      , 


rmmiffatit. 

Fnub. 

174"        . 

»o,c;.H,A 

»77°-8. 

OJKOMO 

l82«      . 

C.«,H,*0, 

ns''   • 

ChH^ 

185°   . 

C„,H„0,HO 

^^l^     . 

no,c«!i„o. 

I43°fi  . 

no.c„iu,o. 

Iftj"    . 

f«H«0. 

H3«-6  . 

C«U«r 

(4)   Proriaiate  ConafHumtt  ^f  Ihe  Fhta  and  OUt. 

i)  From  Uic  preceding  f;eueral  dcsciiption  of  the  oiU  and 
'  '  !rmt   tliat    these  bodioi  contain  several  distinct   sub- 
u^aoklaguuii  tu  cacli  other  iu  chemical  composition, 
importwit  of  Ibese  neutral  fats  are  stearin,  [mlmitin, 
.     !  oloin. 

isiftin  (C,„H,„0„;  Berthclot)  i«  a  white  cryBlalUne 
ibie  m  about  Mnrea  times  its  weight  of  IxiUiiig  alcohol, 
Icb  oiorc  freely  so  iu  hot  ctlicr.  Clearly  the  whole  of 
■*i((»ntlr«  froio  ihcM  liipiida  as  thoy  cool.  Duffy 
Soc.,r.  310)  fiud*  that  stearin  may  exist  in  three 
Ktions,  cscb  of  which  haa  &  difTcrctit  fusiug  point.     Under 
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ordinary  circumslancce,  tlie  molting  point  is  144°  P.,  but  thb 
(leratuTC  rarics  in  a  rcmarkublc   mauucr  under  the  iuDuence  1 
slight  d!6erci)ceft  of  tlie   temperature   to  wliicli  the  btearin  is  1 
poscfi  during  the  net  of  fH«on:  —  r.  LfAtcArin  be  heated  to  tji' 
and  aJlowtd  to  coo),  it  rem&iiu  Ufiuicl   till  it  reaches    124°,  ai 
after  Bolidification  it  may  Iw  melted  at  i2^°-$; — 2.  but  if  ttcnriiit 
«)iich  has   bceu   melted   at   this  tco)|>craturc,  be  again  allov«d 
iolidify,  it  rctiuires  a  tvinpuratiire  of  i47'''4  '>'''  i^  liqucfactioB 
— and  5.  atcariii,  vhicli  has  bcctL  melted  ut    144",  and  tlic  ten 
|)eratiire  of  vrbich  has  nut   Won  raiicd   t^cvond  14;'^,  soh<lific:9 
141^'tl,  but  allcr  f;Dli(litic8tiou  it  requireH  a  tCai|Kraturc  of  15;° f^ 
its  liquefaction.     These  tbrec  luudiliciitiuiis  of  »t«ariu  bavc  tlitl'crvl 
dcnsitlcx: — 

flp  gr. 

J.  Modification  a,  fusible  at  125*^6      .     0()86 
3.  Modification  fi,  fusible  at  147'*'4     .     I'Oio 


--0 


3.  Modification  y,  fusibtc  at  157 


fOl7' 


Similar  modificationB  are  produced  by  heat  upon  palmitiu. 

Stearin  i»  the  most   abundant  of  the  solid  conittitueuts  of  I 
fat«  and  fixed  oils.     It  is  gcucrally  prepared  from  muttou  suet,  ij 
which  it  ia  mixed  with  but  titnidl  quantities  of  other  fats:  tltei 
is  he»t«d  with  about  ten  tiuiex  itn  volume  of  ether;  nheu  it  cool 
the  olciu  and  margarin  arc  held  in  solution,  white  the  stcariucr 
tallizcs  in  |icar]y  i>cule.i.     The»e  muet   be  pressed  between  fiilds< 
blotting  paper,  rtidissulvcd  iu  ether,  and  rcerystallized  until  tl 
melting  point  become!  constant. 

Uerthelot  has  »uccc«ded  in  jirepariog  stearin  artlticiallj', 
heating  Mtearie  ncid  and  glycerin  together  in  closed  vessels 
HCTcral  honra  under  prcMsiire.  lie  haa  also  ublatuctl  all  the  ot 
neutral  fats  by  similur  means  (1C69). 

(1058)  P-viMiTiN  (C,^H^O„;  Bcrthelol).— This  fat  is 
tuucd  abundantly  in  palm  oil,  from  wbicli  it  hiia  n»:eiTi:d 
naoae.  It  ia  extntrtvd  from  the  oil  by  first  prcssiug  out  t| 
liquid  portion,  treating  the  residue  vrttli  boiling  alcohol  to  rctnoii 
free  palmitic  acid,  and  then  crystallixlng  repeatedly  from 
Aocoitliiig  to  DiilTy  the  lowest  point  at  wLieb  palmitiu  reniaifl 
liquid  is  1I3°'9;  but  it  has  three  ditfcrcnt  melting  points,  \a.- 
ii4°'8.  143°,  aod  J45'',  which  correspond  to  three  tlilbjrent  mc 


*  ^einta,  on  repostitiK  DulTj'a  exp<.>rinio»ta  opon  mirr  olmtpin  pr« 
■yntiirticallT  \>y  B^rtht'lut'v  [iruc-css  (loA^J,  obiaiiiiiiJ  onlj'  iW  rariL'tics  a 
y;  Duflj-'e  p  hi' cooniileni  Uj  Iiii««  bftin  proJuced  from  llippiwocc  vf  n  ths 
uupurity  to  Ibc  stearin.  Xiic  fusmg  puinU*  girvQ  by  liciuti  ore  a  litllo  tiigo 
Ihau  tliosr  of  Uully— viz.,  for  n  131^  and  lor  y  itio'tS. 


M  AKOARI M— OLBIM. 

tions  like  tliosc  of  stearin.      Palmitin  i«  also  present  in 
lu,  ia  coooa<uut  oil>  uid  (acoording  to  Ildiitr)   in  bumaa  fat. 
tree  wax  of  Japan  coDsista  of  pure  palmitia  (SthamerJ, 

(1059I  Maroaein  (C,„H,„0„;  Bertlielot)  crysuUiwa  hi 
riy  scales,  wliicb  are  fiuiblc  »t  about  116°.  It  rcqatrcs 
lixiut  400  times  its  wrigbt  of  boiling  alcobol  for  Bolutiou,  and 
iikpnsitec)  almost  mitJrelr  oa  cooling.  Margariu  constitutes  the 
[lolid  iD^reitieiU  of  goo»c  grease,  of  buman  fat,  and  of  olive  oil. 
[It  tnoy  be  cxtrtctctl  bom  olive  oil  by  lowering  its  tempcratiiro 
[1033°,  and  then  lubmitting  it  to  prcnure;  the  solid  portion  is 
iftin  melted  and  cooled  slowly,  and  a  second  time  autimiltcil  to 
hiKuiire,  at  a  tcmpcmturcof  from  35°  to  60".  After  two  or  tluoe 
I  crystalliuttions  from  bwling  alcohol,  the  margnrin  it  obtainod 
iy  pure. 

According  to  Ilcintz,  margarin    is  not  a  simple  fat;  for  vben 
tuified,  the    acid  which    it    yields,  and    irliich    i*    commonlir 
ribed  sa  margaric  acid,  admits  of  separation  into  palmitic  and 
■tearic  ackU;  hence  what  is  called  margaric  acid  appears  to  be  a 
mixture  of  these  acids  (iiaa). 

{1060)  OLEtM  {C„,H,^0,j;  Bertlitlot).— Pure  olciu  iscolour- 
I ;  it  is  not  nolidifiud  by  a  citld  of  ji*^.  By  exposure  to  tbc  air 
tbsorbs  oxygen  slowly,  trith  evolutioa  of  carbonic  acid,  and 
nnes  reaiooid  lu  appeiironcc.  Olcin  when  distilled  ^vcs  rise, 
|lmnii^t  other  products,  to  the  formation  of  sehactcr  acid  (2  IIO, 
ICpQ^O^),  which  is  a  cbaiaeteriettc  product  of  the  destructive  dis- 
tilktioo  uf  oleic  acitl.  Peroxide  of  nitrogen  couvcrts  oleiii  into  an 
iMmrric  solid  fat,  which  has  received  the  name  of  vlaidin.  Snb- 
nitntc  of  mercury  which  has  bccu  prepared  vritbout  tlic  aid  of  heat, 
ictaiiui  a  sufBcient  quantity  of  peroxide  of  nitrogen  to  enable  it, 
vbca  placed  in  contact  with  oleiu,  to  convert  it  into  elaidiu;  and 
It  produces  a  KitniUr  effect  upon  nil  oiU  which  contain  that 
tuidy  of  oleia  which  is  present  in  the  DOQ.dryiug  oiU.  The 
<l>7iiig  (hIs  CQutaiu  a  form  of  oleiu  which  docs  not  become  solid 
'tite  mixed  with  nulJltitriUe  of  mercury;  hcn^re  this  nu-lt  has 
bm  employed  iu  testing  olive  oil  suspected  to  have  been 
•dultcratcd  witli  poppy  and  other  cheap  drying  oils.  The  oil  ia 
•gtlatcil  with  ]^th  of  its  weight  of  a  solution  of  the  kubnitrate ; 
llie  poror  the  oil  the  more  rapidly  does  it  beconic  solid  when  thus 
tnatod. 

Tlw  purification  of  ulcin  is  attended  witli  considerable  difficulty : 
it  oay  however  be  obtained  either  by  solidifying  olive  oil  at  a 
IrmpentBrB  of  32**  and  preseiug  out   the  liquid   portion,  or  bv 


^^^^r        ACTION  or  tMn  oron  rArrr  mattkh.        M 

di«sulrinj{  the  oil  in  boiling  nlcoliol,  trhieh,  ttt  it  cooti,  m^ 
nearly  tlie  whole  of  the  Htoarin  and  Dimr^riu,  but  rctwta  tktj 
of  tlic  olwQ  in  solutioa:  the  oloin  may  then  be  tooovh 
dririiig  ofT  the  alcohol  by  lieAt  Olciu  is  saponifioii  »itli|| 
difficulty  thau  the  solid  lats  which  uocompony  it,  ami  il  bij 
propOMxl  to  apply  thia  drcumatance  to  ibi  pnrifcauon.  ■ 
oil  be  baited  for  tirenty-four  hours  vith  a  frolutioo  of  oudfl 
of  moderate  strength,  containing  a  (jiuiDtity  of  alkali  n^iial  fl 
bnir  that  required  for  the  complete  eapoiii6oat!on  of  the  m 
oloin  remains  UDchongcd,  whilst  the  solid  fats  arti  eaponifiKL 
mixture  of  soap  and  olcin  ia  treated  with  dilute  oloubol,  I 
diwtolvcs  the  soap,  while  the  oleio  cullects  as  an  oily  lanl 
the  suriWc.  ■ 

It  has  been  already  mentioned  that  the  liquid  poftioa  el 
oiU  has  not  the  Mtoe  oon)po«ition  throughout  the  difTcreat  vv 
of  thetm  sulMtaiices :  the  olciti  of  olive  oil  diflinnt  from  Ua 
of  Hiiscvd  oil,  or  linalein  ;  and  both  of  these  ditTer  from  Ag 
coutninod  in  castor  oil. 

Adiftocire  ia  the  name  which  haa  been  ^vcii  to  a  tiMj  M 
which  18  oRuu  obtained  from  tlic  alow  decay  of  the  hodieajl 
or  of  aoimala  which  have  been  tutorred  in  a  soil  whidH 
CutiHtaiitly  moist.  VVcthcrill  {Lieiig  and  ^"PPt  Joftreti.  lW| 
fiudii  it  to  conaistt  chiefly  of  solid  latty  acida  free  from  chtfl 
from  aoinioiiia,  ntid  from  glyoeriu,  so  that  it  is  moxt  proiM 
reault  of  the  gradual  dccompoaitiuu  of  lat  ori^unlly  nrsMifl 
body,  from  which,  dnnng  Uic  decay  of  tlie  muscular  tissucfl 
the  glycerin  and  oleic  acid  have  been  rcmorod.  9 

(c)  Action  of  BaMa  upon  Fatly  Matten.—Soap.mttUM 

(to6i)   It  IB  well  knovn  that  bowcrer   thoroughly  WH 

ody  matters  moy  be  incor|)onited  by  mixture,  tlicy  do  no^l 

|lbrm  a  homageucous  compound  ;  but  that  after  a  abort  H 

'grcafc  eoparates  and  floats  upon  the  siirlocc.      If,  howwojl 

tity  of  a  solution  of  caustic  soda  be  added  to  tbc  miatafl 

be  then  agitated,  n  mil)ty*lnokiDg  fluid  or  cnndaion  will  hJ 

and  the  oil  iritl  remaiu  mixed  with  water.  H 

If  a  Kufficicnt  quautity  of  alkali  be  added,  thU  cmuhifl 

kboiled  for  suine  lioun  gradually  beaxoes  clear ;  and  a  periofl 

|«t  which  a  transparent  rupy  tliiid  is  formed,  v'-V  '-  'i- • 

pon  agitation,  and  prcaeiita  tlic  cIiaract«raof  a  ■  .  ^ 

of  aoAp. 

I        If  to  a  portion  of  this  clear  liquid  a  etroog    •otiUi 


sftlt  be  added,  »  curdling  i«  immediate)/  prodacpd  :  tlie 
qnid  septnUw  into  n  clear  »olii(iuu  irbich  retains  the  glycerin, 
wbiUt  a  granular  suUstaiico  riacs  to  the  Mirraco :  this  ftubtttaiicc,  if 
drained,  pretts^,  and  drieil,  psliihiti*  tlic  )iropcrti<»t  of  wap. 

OrdinaiT  soap  is  freely  sotuWe  in  hot  water,  forming  with  it 

a  tTHD-ipannit  wlution,  which,  iftolcnihlT  strong,  becomes  a  wliita 

opaqae  jolly  aft  it  oooU :  soap  may  also  he  <li^i»Iv<:d  )iy  hot  alcohol, 

which  as  it  cvaporatea  loavc*  the  soap  in  transparent  ljIo«k.i.     It 

taqaite  iii5olnhle  in  Hrong  hriae,  and   in  a  concentrated  solution 

'  cau«tic  ))Ot««li  or  of  Mxla  j  hciioe  by  the  ailditioQ  of  chloride  of  ^ 

lium,  or  of  caustic  alkali,  to   a   solution   of  sonp,  tlie  aoap   i*j 

ited  from  the  liqnid  in  the  «olid  form. 

(1063)    Varietieg  0/ Soap. — There   arc   various   kinda  of  aoapf 

[dependent  on    the  uaturc  of  the  fat,  as  well  as  upou  that  of  the 

lued  in  it»  prejKiratiou.     Th«  iKtse  of  the  hard  maps  i«  «oda, 

fftst  of  the  M'tfl  »vapa  is  potash.     The  futnmon   Mjft   soaps   Iiavo 

Lalvays  a  more   powerfully  alkalini;   reaction    than   the  hard  aoupsi, 

ring  to  the  preunce  of   an   excess  of   alkali,  which    adds    to 

dctrrgcnt   power ;  tliev  also   usually  contain  the  glycerin  of 

fat,  which   the    manufacturer  haa  not    been  at  the   pttiita  to 

epamte.     If  the  oil    be   heated  with  oxide  of  lead,  inatcad  of 

alkali,  a  white,   solid,    fusihlc   compound,  well   known    aa. 

'  pUmlrr,  tn  rormed  ;   which   is,  in  fact,  a  floap  containing  oxide 

[of  I^  aa  its  ba««,  instead  of  soda  or  potash.       The  earths   if 

jhoikd  wilh  the  oih  also  produce  snaps  ^  but  such  wnpn  arx;  i»- 

nhibli;  in  water,  and   it  is  owing  to  the  formation  of   ih&M;  cnm- 

,  ^nad*  that  the  attdling  of  tosip  by  hard  water   is  occasioned. 

Mow,  hard  waters  are  waters  which    contain  a  certain  quantity 

of  tarthy  salts — usually  of    lime  or   of   magnesia.       '^'hi;u    or- 

,  bvy  soap  ia  dissolved    in    thc«c  waters,  double  decomposition 

Kcun,  the  lime  i1t«places  the  alkali  in  the  soap,  and  the  alkali  iu 

tVB  oomhincii  with  the  acid  which  was  previously    united  with 

tlie  line;  aod   the   insoluble  lime  soap  thus  Ibrmcd,  produces  the 

I  ivdUng  in  question. 

IW  aoaps  of  the  alkoliea,  or  commercial  soaps,  nre  the  outy 

Bats  winch  are  soluble  in  distilled  water  us  well  aa  in  alcohol  and 

intthM;  hut  alcohol  disMlves  many  of  the  cntnpound!!  which  the 

btty  scids   farm  with  the  oxides  of  copper,  iron,  and  maugauuK--. 

I QQ  of  turpentine  and  the  fixed  oils  likewise  dissolve  small  quautt- 

I  bun  of  Ihcaft  awpo. 

(1363)  Proeen  of  Soap-making. —  Tlie  unctuous  materials' 
flbdi  are  used  in  this  country  in  the  preparation  of  harl  <sou]^ 
Kt,  tallowj  whirfj  gitva  the  hardest  soap,   palm  oil,  »nd  kitcWa 
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greue:   ronn    i»  also  &n  ingredient  in  vellow  soup.     T)ie  cosrs! 
soft  BoapB  are  mnde  of  coinmOD  fish  oil  mid  tiemp-^ccd  oil. 

The  maniifaiTtiirc  of  soap  is  carrird  ou  in  large  iron  Imilcn 
cnllcd  coppers,  in  whicli  the  mixture  of  lev  and  fat  ia  heated  bj 
means  cither  of  &n  open  Are,  or  of  steam  ;  the  steam  is  cithttj 
admitted  into  the  copper  by  a  pcrfnratcd  pipe,  or  it  is  made  J 
circulnti!  within  it  thnm);h  a  eloped  coil  or  worm.  For  hard  •o^H 
the  leys  of  caustic  soda  arc  prepared  in  large  iron  vats,  whifl 
are  also  heated  hy  At(^m.  Water  in  put  into  the  vat  and  ntafl 
to  boil ;  a  mixture  of  »od&  ash  nttd  xhiked  lime  is  then  nddml 
in  quantity  sufficient  to  make  the  ley  of  the  sp.  gr.  of  ritjj 
aft«r  boiling  for  Home  time  the  steam  \*  turne<l  off*,  the  carfaoti^B 
of  liiRc  allowed  to  subside,  and  the  elcur  ley  is  draviu  off.  Frefl 
Mater  ia  added  to  the  residue,  and  thus  a  ncnker  ley  is  ohtatiie^^| 

Mottted  soap  is  prepared  from  tallow,  palm  oil,  and  bitdifl 
stuGT.  For  every  ton  of  tallow  or  fat  iutroduced  into  the  boiUH 
about  ijo  ijallona  of  partly  exhausted  soda  ley  is  added  froidfl 
previotia  ehai^.  When  it  lint  boilfl,  a  milky  liquid  is  foroMfl 
which  hy  degrees  hct^omes  more  and  more  rireid ;  strong  leys  ad 
then  gi-adiinlly  ruUled,  and  the  boiling  iti  continued  until  the  soM 
ceases  to  feci  greasy.  A  quantity  of  common  salt  is  next  added  fl 
separate  the  Hfient  leyn  ;  these  contain  the  glyrrrin  and  .■loine  iofl 
purities  derived  from  the  grenne ;  th<>y  are  drawn  off  from  tlfl 
hotlom,  and  are  tliroim  away.  Strang  ley  is  then  added,  and  til 
hoiliug  contiuued,  until  the  aonp  separates  from  the  Icy,  whiifl 
retains  an  cucc^*,  of  alkali.  Tt  is  then  clrnnted  or  transferred  fl 
the  Koap  framed  to  eool.  These  frames  arc  rectangular  in  Bhaofl 
and  cousimt  of  cast-iron  platen  rrainped  together  hy  bolts  and  oafl 
in  these  frames  a  s^mall  portion  of  the  ley  contained  in  the  bA 
soap  gradually  separates,  and  accumulates  in  the  lower  part  of  ^fl 
frame;  this  part  of  the  sonp  i»  pared  ofl',  and  is  re-mrlted  ufl 
added  to  the  next  charge.  The  soap  remains  in  the  frames  ijfl 
four  or  five  daya  to  cool  aud  harden.  At  the  end  of  that  timi^l 
is  cut  up  with  wires  into  bars.  H 

The  maiiting  gctnirs  iu  the  moulds  spontancoufly,  and  is  doc  fl 
the  Kepamtion  front  the  man  of  a  small  portion  of  iron  soap,  vhi^| 
^Tadually  arninjics  itself  in  blue  veins.  This  raottUnfc  is  chie^| 
prized  as  a  tcHt  that  the  K>ap  is  not  too  moist ;  siucc  if  too  larg^l 
proportion  of  water  were  present,  the  eolonring  matter  would  M^| 
to  the  lower  part  of  the  frame  and  scenmulatr  there.  Good  40^1 
cuntaius  about  30  per  cent,  of  water;  and  100  parts  of  fat  or  ^| 
yield  from  150  to  155  of  such  soap.  A  eoda  soap,  before  dtyiuH 
contains  about  6  or  7  per  cent,  of  alkali.  H 
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it  timmllr  nlttaioed   from  talloir  onl^,  n  smatl  por- 

lil  ur  of  lard  Wiug  somutirnw  ad(li<d.       The  Map 

ibot  IS  put  into  n  pan  and  ervtched,  or  stirred  forcililyj  to 

up  Uip  praiH  ;   it    is  Uieti  cotiTeywI   to  the  frames.      When 

•famdil    tw  pRrfet-'tlr  smooth  and  white.        Yellow  soAp  is 

taltnv  anil  palm  oil,  and   in  Addition  to  the  xtknli  and 

liiis  a  tmniiidRrable  pro|>ortioti  of  common   roNin,  whicli 

ftf^iil  pru|icrtip»  aad  uiiilos  with  the  alkuh  :  it  is  mann- 

hy  a  jimccs!!  similar  to  that  used  for  mottled  soap,  but 

lirinf;  eJi^ainKd^  or  put  info  the  frames  iinrnctlintcl}'  after 

itJUlrit,  or  miKiMl  in  the  copper  with  a  small  quaatity 

r,  which  in  two  or  thrrc  daya  carries  down  the  exoew  of 

'^ti;;  tlie    nt-gvr,  wliicli  sulKtideii  to  the  bottom;   while  a 

-t,  termed  the /oA,  rise*  to  the  siirfaec.     The  fob  is 

olT,  and    the    ocrai^wlid    pasty  moas  of  soap  ia  trans- 

tlio  &aaie«.     The  negiir  and  fob  are  ,adde«l  to  the  uext 

iwitUo  and  Caatile  iionps  arc  made  from  olive  oil  and  BOtln; 
fjR  moit!c<l  br  the  additiori  of  green  vitriol  and  sulphuretted 
U>c  Hua^i  while  in  titc  pasty  state. 

(</)    Mant^facture  oj  Fatty  Aailifor  Candttt. 

4)  Lar^  qiiantilievof  the  fats  are  converted  into  the  form 

Is,  iu  the  manufacture  of  what  arc  often  incorrectly 

ill  cnndltr*.      Tlit.i  brauch  of  iudu»try  haa  within  the 

^yesn  aoquired  ciiormoiis  magnitude.     The  fnlty  acids  are 

'c.  by  three  priuciiwl  methods  ; — in  the  first 

^t  is  »ai>onilied   by  meana  of  lime;   ill  the 

tbe  (at  or  oil  is  derompofied  by  sulphuric  acid  ;  and  ia  tho 

'  1 1'-  fat  is  M'pamtcd  into  ^lyccriu  and  the  &tty  acid, 

rice  of  water  at  an  elevated  temperature.  The  acids 

by  the  fnts  are,  at  onlinary  temperatures,  whiter  and 

'it*  from  which  they  arc  ubtaiued,  and  they  arc 

■■.\ncr  ami  aiore  combustible. 

•jlititt  bif  Ume. — Until  recently  it  wa«  the  general 

-■  "".  ''.     oils  or  fata  by  means  of  lime,  wbirli  readily 

i^e,  and   has  the  advautagc  of  being  much 

either  pnta^h  or  soda  j    this  process  is  still  cxtcu- 

'  i.    r  :  ,  <!.     The  tnllow  is  meltwl  by  iojectiiig  hot 

I  cuntniusit,  aud  lailk  of  lime  iitaildcd;   the 

lied  at  the  temperHtiirc  of  3i2°by  eonlinnnlly 

sic^u  lorou^h  a  pcrforali:4  pipe,  whilst  the  mixture  u 
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kept  oonstanttjr  stiirvd.      An  ioKotulile  lime  smp  !s  thai  fbnd 

it  u  druiued  froni  the  sululioo  uf  {;'>''^^i'*>  ^°^  ^™  ^4 
posed  by  the  cautjotiti  addition  of  Bulphitric  arid  diluted  ^fl 
8p.  gr.  I- 160.  The  melted  fftlty  arids  thus  n*e  in  tiM 
of  ftD  oil  to  the  surbce  of  tho  healed  mixture ;  thn  tf^ 
decanted,  and  are  washed,  dnt  with  a  fresh  portion  uf  bnlc^H 
sulphuric  acid,  and  aftcnvurdN  with  water.  The  (untd  >^H 
tlicu  OLst  into  tliia  platet  or  cakt»  not  much  eiceeding  >a  fl 
thtcknetM;  the&e  cake>  when  cold  atu  placed  bctvn-u  hm 
ooooa-aut  matting,  aiid  are  piled  up  Due  u,\xrec.  Mmtiier  withi 
plates  interpooed  hetweeu  eiierj  four  or  five  caket,  aod  tlif  j 
Uius  fumicd  is  subjected  to  iotense  prcsaure  hy  llw  lii  I 
powerful  hydraulic  press.  Bjr  thi»  mniiiH  the  oleic  acid  1*  ia  fl 
mpjuiire  forced  out,  vhiUt  the  hardcT  i>ulruitio  arid  rtyiihaj 
remain,  au<l  arc  aficrwarda  biihjootecl  to  prcanure  at  a  Uigihfl 
pcnture  ;  a  &cah  portion  of  tl»f  more  ftinhle  fitt  iw  retnov^H 
a|>emtioii,  and  the  reoidiie  bcoomcebeatiliriiUy  vrVilP.  XaH 
remove  auv  tracer  of  oxide  of  iroD  nhich  the  fat  may  have  ^| 
from  the  machinery,  it  is  again  wM.ihe*),  first  witli  wurai  ^^M 
phuric  acid,  then  with  water,  and  finally  is  melted  ajid  ifl 
into  candles.  The  oleic  acid  furnishes  with  soda  a  aoH 
ciently  hard  to  be  ascd  (or  many  purpoioi  in  tho  artiL      ^M 

M.  Milly  has  asof-rtaincHl  (hat  the  complete  Baponifi^| 
fiita  may  be  effected  by  a  propoi'tion  of  Kme  not  e\ctcdi^| 
cent,  of  tlie  weight  of  thvfnl,  b}-«s|io^ing  the  mixtun*.  In  4fl 
djgctter,  with  water  to  a  hif;h  tcRipcraturc.  This  iea^M 
UDUordiog  to  Pclouzc,  need  not  \k  higher  than  thini  31 1^^| 
If  water  aloiw  he  employed  to  effect  the  derompooition,  a^| 
lure  of  not  Icui  than  438°,  prolonged  for  many  hour*,  <a  ^| 

(lo6j)  2.  Acidification  nf  tlte  Fait  by  Suip/imrir  ^It^M 
action  of  sulphuric  ac^id  upon  the  6\ed  oiln  ha*  tji-en  |m^| 
esamiued  hy  Frerny  {Ana.  de  Chimin,  11.  Itr.  1 1  j).  WH 
ceiitnited  sulphuric  acid  is  made  tu  act  at  ortltuary  lera^| 
I  upon  an  oil  or  Enl,  tlio  fat  at  firbt  combioM  with  tV-  ~'~'i^| 
Irompuuad  thus  formeil  gmdnnlly  hecocQMdeeom|«  iifl 

glyceric  (to68),  mlpholeic,  atilphtipnlmilic,  and  «i(  ffl 

The  last  tlirec  sut|i1io-a(;id(i  ore  intoliihln  !ii  m^idi  M 

are  di^solvisd  hy  [lurc  cold  wnlvr.     They  linve  an  tfl 

On   raiHinf;  the  temperature  uC  the  notiitioa  llim'    linvto^l 

pi>»r>il,  the  Bulphurii:  acid  ia  net  at  lil«-rt.r,  and  the  -' "^l^B 

fully  arid*  are  aoiiarated.     'the  aiilpholi-if  arid  i>  ,jfl 

than  the  6ui['  jiiKuida  uf  the  tchd  fatty  add*.  ^| 

If  llic  !>[..,     — :  acid  aod  llic  oil  or  foi  be  matte  lo^l 
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other  St  a  high  teiuperatare,  the  fat  is  imniecliately  broken 
up  into  gl;cen»  uid  the  Cntt^r  >Krid»,  uhilst  tbu  glycerin  ie  in  iu» 
lam  decomposed,  at  Uie  expense  of  a  portion  of  the  sulphuiic  acid, 
lod  tul[)liurou»  and  czrboaic  acids  are  evolved.  Tliis  reactiuu  i» 
rm\iiojcd  on  a  large  sculc  for  the  prcporution  of  the  su-caJlvil 
Batii|KMite  or  stearine  caudles,  aud  iu  Eagiuud  it  liaa  very  uearly 
Rqiowdeil  the  lime  process. 

Tlie  following  is  an  oulUui;  of  the  method  in  which  sulphuric 

Kid  in  upplital  for  tliia  |>ur|K>^  by  Messrs.  Wilnuti  ut  the  uorkiF  of 

Pnee'i  Pateui  Cnudlc  CoiuiMiiiy  : — The  fill  i»  first  molted  aiid  irtxd 

torn   tmpuntics,  tlicn  mixcil  nith  from  onc-twclllh  to  onc-scveu* 

h  of  iu*  weight  of  oil  of  vitriol  in  large  copper  boiler!!,  where 

„  ^  niiieil  groduully  by  incaus  of  a  cui-rcut  of  higlily  lieutud  ttttMiui 

kia  ifmperaturc  of  about  350°.     Thi»  tcmpcmturc  is  maintained 

for  about     two  hours,  ibe  iiioms  Wiug  freiiuciitly   .ilirrcd  brUkly  ; 

dvriug    this    process   carbouic   and    sutpburou^    acids    are   dia- 

^aged    in    large   quaiuitics,  nearly  nil    ibc  glycerin  and    »ul- 

i.iic  acid    being  dccumijoacd    iu    tlic  ooursx;  uf   the  opvrution. 

...\-    hlxfated    fatty  acidi>    are    of   a    diuk    colour,  and    require 

tbirough    washing     with    nater    to   free    tlieui    from   adiiering 

tfilpburic  acid. 

Tin;  impure  fatty  acldat  tbu»  ubmined  ad;  then  Eubjcctcd  to 
btilloliou,  which  U  clFccted  by  placiii-;  them  in  a  copper  vcxsel, 
tu  the  lower  part  of  which  a  current  of  fitcam  ut  tbe  oidiitury 
Tc  U  ti^OGietl ;  |iri:viou!>  tu  it»  ndini^siun  to  tbe  stil)  tbia 
cttn  ia  heated  tu  ubuui  600",  by  tiujiKinilting  it  through  ptfio* 
luaud  nearly  to  redneso.  The  distiUatioa  docs  uoc  Uihc  place 
li^v  400^  i'-i  bnt  toiTsnU  ibe  tatter  part  of  thu  procees  tbe  teui- 
^Kntate  fri^inently  rises  to  500°.  Aftcir  the  acidified  fats  have 
brm  distUletl  as  far  as  ts  advantageous,  the  dark  rmiduc  in  the 
initvn  may  yet  he  mode  Co  yield  a  euiiEiderablc  amount  of  tat  by 
itliiig  it  to  presduro ;  the  black  solid  nuiw  which  still  reiimiuM 
a  oaod  u  fuel.  Tlic  distilled  fat  is  broken  up  iuto  fragment!;,  and 
iiiiihbutcd  in  layers  of  about  ttirce-fourths  of  an  incb  iu  tbicknesa 
uptxi  M|oare!*  of  Cocoa-nut  niattiog,  whicli  are  piled  one  above 
ihHOt^j  aud  aubmittcid  to  tbe  action  of  a  hydraulic  prc&s.  Tlic 
thus  obtained  is  suihciently  firm  to  be  made  at  once  intu 
oodlc*  suited  to  Ktiropeiui  ctimaten,  but  for  the  Indian  nuirkct  it 
ueccmRBry  again  to  Hubjeci  the  fal  to  prus&urt!,  which  tbi3  titaois 
ted  at  a  temperature  of  120°. 

(1066)  3.  Actum  uf  WatfT  ai  u  hiyh  temperature  0«  Fat*  and 
'Ut- — Mr.  Tilghtnann  a  few  year»  ago  made  the  important  obser- 
tiuD,  tlut  when   a  mixture  of  fal  and  water  is  forced  under 

3  T 
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strong  prcssttiY^  through  tnlws  bcntnl  iiouljr  to  reaneta^^ 

raiM;  the   t^tnpi'niturL*  of   the   niit&s    to   400"  or    5CC^  fl 

ODtirely  decotQpCR>td  mto  glycerin  and  four  acM»  ;  fix  tifl 

water  enter  into  combination  nith  tlio»«  of  tlic  fat,  m  tl^B 

nans  R  result  is  obtained  c^xactly  Ibe  n>rcr&c  of  that  uM 

Dcrthelot  at  loner  temperatures  (1069),  wbeu  tbc  acii)  aofl 

are  digested  together.  fl 

Mr.  Wiliion  I))-  injecting  sujmbpHtcd  stenm  at  a  to^ 

of  between  500"  and  600**  into  beared  Int,  was  able  b»  pni 

ftiniilar  separation  of  tiydratetf  glycerin  aitd  of  tbracjila  «■■ 

it  was  previously  in  comUinntion,  and    at  tlie   snnitf  tinfl 

oeeded  in  effecting  tbe  divtilUtioti,  not  only  of  tbe  fat,  bat1 

tlic  glycerin ;   tbe  latter  i»  thus  obtained  iti  a  higli  def;r«a| 

centralion,  a»  a  l>euuLifiil,  eolmirlesB,  syrupy  lirjutd,  «b)4 

prepared  in  almost  unlimited  qaactity.     The  fatly  acids  i 

pToeiirt-*!  by  tbe  some  operation  in  a  Tfry  ptire  fomi,  »o  ih 

process,  from  itn  simplicity,  and  from   the  purity  of  iho  J 

which  it  yields,  bidn  fair  to  supersede  tbow  previously  ■ 

in  the  preparation  of  the   fatty  acid%  for  illnminntin^fl 

The  operation,   however,   cannot   be  conducted  aa  raniJl 

ptxicesa  of  duoumpoeition  by  Kulplmric  acid.  ■ 

(  II.  Oltcbrin. — Tin  Oltckridis.  M 
(1067)  Olvcerik  (C<,H„0,),  Ihe  Steeel  prineipif  of  fl 
ffT.  1-28  at  59". — This  Biib»lnnc«  i«  »c|a.raled  fn.m  all  ■ 
oily  bodies  (with  tbc  estx^ptioa  of  apcrtnaccti  and  thefl 
varieties  of  uai],  during  their  imjionification  by  alkalies.  I 
log  to  Finteur  it  is  aloo  fonvcd  in  siiistl  t  i  '  ">  ^| 
proccsa  of  alcoholic  fcrmcntution.      Glycerin  -ul,  M 

litfuid  of  a  Hwcel  taste,  «olnhI«  in  water  and  alcohol  tu  flH 
tioiis,  but  9|)ariugly  solnhle  in  ether.  It  di>80)vea  ncH 
ildiqueaceiit  sslta,  as  well  as  many  other  BubataocO'  w 
sotnhle  in  water.  ]]sryta,  lime,  and  •trontia  arc  frvrly ! 
iu  glyceriit,  and  tbc  M>lulioiis  are  niit  |irmpit:  '  ■ 
acid,     (ilyccriu  i>  slightly  volatile  at  l\2",  but,  1  )■ 

tlw  greater  {tart  of  it  expcrienoos  dcc«m|K>uti(in  j  iutcoteljfl 
fa|H>iirs  of  Hcmlein  (C„H,Oj;  lO/t)  ore  then  diwngaiM 
e&inte  a  moat  painful  irritation  of  tbe  eye*.  Vt'hcn  hcM 
rirnilT  in  air,  glyeerio  boras  with  a  lamtouus  flanc-ifl 
honcvcr,  be  distilled  withoul  r'  ,  in  a   >  3 

healed  sTcaui  whidi  bn»bcm  rcii.-:  ..    >.  tcdiK^'  I 

fj/xP  and  iSco"  ;  advoiita^  !•  takeu  of  Uti>  f^i  <■ 

xlyccriu  in  large  iiuantitic*  (1066).     Tl  M 


on  a  Niinll  scale  consists  in  sn,ponir\~ing  uHre  oil  by 
it  tviUi  ail  equaJ  wciglit  of  liiliai^  :  Uic  osidc  oi'  lead  is 
lilh  watvr  luid  arldtHl  to  Uic  oil,  witli  whicli  it  ieboiletl  till 
>niticatioii  is  cotuiilcU* ;  freah  portiutis  of  writer  hciiig  added 
DC  to  tiiui-  to  »u|ipl,v  the-  place  uf  llial  nliicli  i&  evaporated. 
<ocnii  i*  [iinsolvcd  by  the  wnttr,  and  is  easily  frctol  from 
lah\c  iead  plaster,  or  mixeil  olcftte  and  margaratc  of  luad 
I  furmeil.     Tlic  atjueoua  Kjlutiou  retains  u  ciuiall  quantity 

of  lead,  nhich  may  lie  separated  by  trauiinittitig  tlirottgli 
mt  nf  sul|)liurrtt(.'d  bydn^en,  and  tiltifriiig  from  the  |ire> 
\  •nl|ibidc  uf  le»d ;  tlie  water  inuy  tlieu  be  expelled  by 
■ion  in  vacuo  at  u  tenipc-rntuTC  uot  cKox'diitg  300°  F.  If 
Ition  be  eTn]wrnti<d  in  the  0[wn  air,  it  bt-maiua  brown. 
I  fonne  a  valuable  preservative  titguid  in  uhich  email  and 

tWQCs  may  be  mounted  for  anatomical  pur|iosc».  Lik« 
I  iiiiMW  inr  n  ittroiig  aiitisei>tic  powen,  and  lisa  been  applied 
i£  utnt.  It  aUu  furias  a  useful  application  lo  tbc  aurfacc 
kin  whcu  dry  and  irritable 

e  X\\t  »lcohol«  in  general  glyceriu  forms  the  fulloving  series 
"aliTCs : — 

Cuiuliin«dot»s  with  acids,  corresponding  to  tlic  compound 
such  as  the  natural  and  artificial  fata. 

latinQs   «ith  alcohol  radicles,  corresponding  to  the 
n,  fturli  aft  dicthylin  (1070). 
npouud  ooiTespoudJng  to  ihc  simple  cther»,  tiueh   m 

rbotiB,  inch  w  tjrityleae. 
bJpatinoB    with    anunooia    nnalogoiu    to    the    cthyllc 

Ixetl  daiirativM,  correfponding  to  the  nUlvliyds. 
cr  foidoj  possessing  acid   projierttcs,  such  hs  glyceric 

^^11  a  bcfltol  Willi  hydrate  of  potash,  it  is  decora- 
uixtoro  of  acetate  and  formiate  of  potasb,  «hi]i>t 
w  ; — 

^(HO.KO)  =  K0,C^t^0,+  K.O,C^0,  +  U(0,  +  4lIj. 

^ktiiig  gtycrrin  forionic  ttltIcs  at  a  lentperutureof  100°  F., 
^bic<«c  in  contact  with  chalk,  it  may  bo  made  to  fur< 
^■L  r'  -  V'?iint  of  wliieh  never  tsreeda  one-tenth  uf 
^^B^  ..  u  employed,  tbo  greater  part  of  tJut  glycerin 

^^^bicroi   ill   the   liquid;    equal   roluini-s  of  varboiUC 


270 


OLVCKRIV — PRODDCTB    OP   ITS    DZCDUPnfllTIDX. 


acid    mid    of  liydrof^cti    txnng   disciigognl  diuing  tbo   prooea 
(Benhclot);  (C,H,0,=C,Hp,  +  C50,,  +  H3). 

Aecopdiug  to  Redteribachcr  [Liebt^g  Annul.  Ivii,  174),  n 
dilute  mliition  of  gl)^ccrin  he  mixed  vitli  ncll-wa»licd  yeast,  ■ 
k<i»t  for  KHiie  weeks  at  11  teiti^icniturc  of  from  70*'  to  85°,  val 
hciuR  added  aa  it  evaporates,  it  become*  slowly  couvcricd  into  m 
pionic  acid  ;  vcrj*  little  Kvolutioii  of  gns  occurs,  but  the  liqi 
bciconids  Dioulrly  a.iid  uci^uirCN  nu  add  reaction :  if  tlie  mixtttreJ 
neutralized  from  time  to  time  with  carbonate  of  kmIa,  and  aa  td 
as  the  further  devrlnpmeut  of  acid  cease*,  the  liquid  be  filleB 
uui)  vviiporated,  a  jcllow  »uliiic  masn  U  o)>tiiincd,  ptxwcssing  l| 
Atncll  of  aauer-kraut .-  wlteu  tins  aaline  tuaas  ia  distilled  after  ll 
addition  of  Hulpburic  oeid,  propionic  neid  i«  the  priucipal  prodfl 
condcnxcd  in  tlic  receiver.  The  couiiesioa  between  the  (.-nmpai 
tion  of  propionic  acid  and  (jlyCcrinU  very  simple,  i  atoraof  hydral 
propionic  acid  with  2  atoms  of  water  coutaiuiug  the  elcmcute 
1  atom  of  glycerin  : —  , 

■  cSP.  =  IIO^^HJO,  +  H,0,.  I 

Bcrtbelot  found  that  glycerin,  like  mannitc,  was  coaverlu 
into  a  true  fermentable  sugar  under  the  influence  of  thctc»tica 
tissue  (945).  ...  " 

Glycerin  adniita  of  oxidation   without  difficulty ;  if  disUfl 
vith  diluted  aulpliurie  acid  and  oxide  of  inanganCM:,  formic  Bcia 
amougut  tlic  products ;  and    uuder    the    combiued    influence 
platinum  black  and  atmospheric  air  it  rapidly  abiorbs  oiygeu,  fl 
yields  an  acid,  the  nature  of  which  bus  not  lipcn  ascertained.     I 

Au  interesting  series  of  expcrinicnta  was  made  by  Ikrtba 
aud  De  Lura,  upon  the  action  of  biniodidc  of  pbo«pburu8  aa 
glycerin  {j4ytn.  de  Chimie,  III.  xliii.  257).  Wbcn  equal  parta' 
cryBtallized  biniodidc  of  plio^pborus  (PI  J  and  of  glycerin  arc  mill 
in  u  capacious  retort,  conaidcrahle  heat  ia  developed;  a  ticv  oai 
pound  (C^HpI]  mixed  nitli  water  distils  over;  it  is  called  iodim 
propylvne,  but  the  name  iodide  of  ailyl  would  1>einore  npproprii 
{1382]  ;  a  cousidcrablc  volume  of  pure  gaseous  tritylenc  (prog 
lene)  is  also  evolved,  whilst  free  iodine  and  phosplioi-oua  al 
remain  in  the  retort,  mixed  with  tlie  exee*s  of  glycerin  emploji 
The  reaction  is  a  remarkable  oue,  for  it  will  be  ulacned  that  I 
whole  of  the  QXjgcti  of  the  glyecria  in  removed,  one  |>ortK>i>  Oq 
uniting  with  the  phosphorus  to  form  phosphorous  acid,  and  d 
remaining  portion  being  eliminated  with  hydrogen  in  the  fol 
of  water,  whilst  the  carbon  remains  ia  the  form  of  iodide  of  alljrl  a 
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37; 


Indlila  of 


^le  trilyttme  wbirli  i»  dUeiigag^d  is  the  result  of  a  sccoiidarjr 
),  (xinnerted  probably  wit])  the  foriuatioii  of  a  peculiar  iodiziNl 
3UD(1  (?  todbj-driti  CyIl„10J  whicti  is  found  111  ttic  retort  in 
ill  qaantity. 
Glywrin  may  be  reproduced  by  tlio  dccoiupoKitiou  of  tribru- 
IibUc  of  allrl  by  m«ui5  of  acetate  of  silver,  aiul  the  subiicquciit 
itmcut  at  the  acetate  so  obtained  with  hydrate  of  potash  : — 


jLeMvUofaOHr. 


"WMBiiii. 


Irihramnttct 

c7inB^+3(AgO,C,ll,OJ  =  3AgBr+C,n,Oi.3C\H^ji 
and 

(10S8)  Action  of  Adda  «pon  Glycerin. — Nitric  arid  rapidly 
cLa  glycerin,  and  converts  it  into  carbonic  aud  oxalic  iicids. 
glycerin  be  allowed  to  full  drop  by  drop  into  a  mixture  of 
i)Qftl  messareti  of  nitric  acid  and  .oil  of  vitriol,  c^re  beiii;;  taken 
prevrail  the  Icuipemturc  from  ni:<iiig  too  high,  a  heavy  oily- 
cbg  lic^uid  collects  at  the  bottom  of  the  iicid.  It  la  poiver- 
Qjr  eiplosive,  sud  detonates  either  by  a  blow  or  by  c4cvatiou  of 
itnre  ;  a  single  drop  placed  M{roa  paper  and  struck  iip(^)ii  an 
»ril,  produdng  a  deafening  report.  This  body  is  a  Nubstitutioii- 
an])oatu]  of  glycerin,  in  irhieh  z  atoms  of  liydrOf;eii  arc  di:;- 
by  an  equal  number  of  tquivaleiits  of  peroxide  nf  nitrogen. 
Il  kits  been  termed  nitro-glyecrin,  or  fflonoin,  [CjH„(NOJjOj; 
VOt  Vry].  It  is  inuilnble  in  alcohol  and  in  ether;  it  lias  a 
w<c(nb,  pungent,  aromatic  taste,  and  if  but  a  eiiuglc  drop  be 
[)Uc«d  upon  tbe  tongue,  it  produces  a  paiufid  aching  iu  the  back 
(if  tL«  hcaJ,  which  lasts  for  many  boura. 

tilycerin  enters  like  alcoltul  into  combiuation  with  many  of 
the  polybasic  acida^  forming  compounds  analogous  to  sulphelbyllc 
vai.  Tbu»,  when  oil  of  vitriol  is  mixed  with  half  its  weight  of 
itfteria,  the  two  boilics  unite  with  considiTiiblc  evolution  of  beat : 
''■■•  OHDpoQiul  acid  forms  soluble  salts  with  lime  and  liaryta ;  the 
iimc  salt,  according  to  Pclotwe,  hiw  u  conipoifitioii  which  may  be 
Rpretcntcd  by  the  formula  (CaO,  CJI.Oi,  8,0,^,  the  guipbo. 
gtftxrk  odd  uturatiug  only  half  the  quantity  of  base  which  would 
be  re^uiivd  by  the  sulphuric  scid  which  it  cuntaitis.  A  compound 
ainiUr  to  the  foregoing  one  may  be  furmcd  with  glyccriu  and  phos- 
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pboric  acid;  it  is  very  soluble  buUi  in  water  aud  iu  atcoliol, 
la  ea»ilj-  decomposed  into  free  pbosphoric  acid  nntl  glj'c 
FhoBpfaoglycenc  acid  exists  rpnrly  formed  in  the  yolk  of  tbe 
(Goblej),  aud  pi-obably  also  id  the  bmia. 

(S069)  Artificial  Formation  qf  Fats. — Glyanidr*. — The  nio 
important  oomponndji  which  nrc  urodiicvri  by  the  sclion  of 
upon  gljccrin  arc  the  comiHjund  cthiTs  of  gljceriii  or  thci/Zyccrifl 
which  arc  analogous  in  composition  to  the  various  fats  and 
Bcrthe1»t  hns  miccerded  in    forming  lhe»c  bodies  by  tbe  dir 
action   of  the  fatty  aciiU  upon  glycerin,  and   has  not  only 
jiroduccd  eci-cral   of  the  natural    fata   [Ann.   de   Ch'tmie,  111. 
216),  hut  boa  (lUoobtnined  a  Inrgc  da**  of  «ncb  bodies  which 
not    previously    knon^n.       Accimling   to  the    ix-scarehcs  of 
chemist,  etcaric,  palmitic,  and  oleic  acids  each  forma  three 
pnuiidit  by  its  iLuiou  with  glycerin;  and  the  net  of  combitiatioai 
attiudwl  by  tbe  separation  of  water  in  each  caac.     Tbc  folloira 
tabic  contains  a  ti»t  of  tbe  more  importnnt  of  these  compounJ 
with  the  formiiin  of  the  decomposition  nbich  appears  to  attend 
jbrmatimi : — 


Arlijicial  fais,  or  Ethers  from  Glyeeria. 


MoKKtcarin 
Didtearin 
Tri  stearin 


Maaopalmilin 

Dipalmitin 

Tnpftlmitin 


UoDoleio 

riolein 

Trioleia 


UoQovderLn 

Diralerin 

Uralerin 


MoDobntyriit 
Dibutyriu 

Tributyriii 


MoiuMtia 
l>iMcetiu 
Triatviin 


=C„  F„  O.  .  = 


jC„I1«0.  +    C.H,0,- 


ruiiiuc  Hid. 


0„H„0,  +     C.H.O.  - 


OlMp  HJItl  ■ 


aC„ii».o.  +  c.n.o.- 

ViUricwM. 

30„H,„U,-+  C,B.O,-    Hj 

aC,H,0,+  C.a.O,- 

3C,U,0,  +  c,ii,o.-3: 

Ahuw  teU.. 


C.H.O,  +    C.H.O,-    Ui 
»C,H,0,  +    C.H.O, -1" 


^ = -■"  - 

tfOKilAtiOK    OT    WTS OLtCBlllOEa. 

Bnunie  add.  Olt<*rin. 


2^ 


Bi<>M>EiinL 


=r.  n.cio,  =  Hci   +  c.H.o, -5h,o: 

=r,  n.ci.    =  .HCI   +  o.u^-sh;'" 

:  =C;.  n„cio.  =  c„n^.+noi  +  c.if.o. -jh.o 

=  c«H„o,  =      jc.a.o,    -J-  c.H.o, -jn,o, 

|kt  bai-e  bc«n  expcAtccI  that  in  the  formntion  of  thc^e 
^■be  quantity  of  mitvr  Bcpnratcil  slioiild  liare  licen 
^■Bcrcnt,  aad  titat  tlie  proportions  iu  tbu  three  com> 
Plbld  have  been.  11,0,  in  the  tiist,  s  H,0,  in  the 
ud  3  II^Oj  iu  the  tliinl:  each  cquivaleut  of  tlie  hjdriied 

ig  Kit  Mtuin  of  oaU^T,  uIiiKt  the  emglc  ntoin  of  (;1_vccriii, 
cotnbiiifttiott,  tboiitd  Iorc  i,  3,  nnd  3  ataim  of  iinit«r, 
Ibe  numbcrof  cijuivalcntsofBcid  with  which  it  i» com- 
the  analFMs  of  the  three  simpler  comjKJuntls  foi-mciJ 
by  aiiaJogoui  ituictions  ehows  thnl  the  quaiititir-  of 
jnrt  uidi  as  tuijcht  hare  been  anttcipateil,  so  that  there  is 
|niB  to  duuht  the  accuracy  of  the  csceptiousl  cases  ii)  the 

KO*  of  till'  MrriM. 
f  to  Berlhclot,  trUtearin,  tripalmitiii,  and  triolein, 
irith  the  btcarin,  paluiitin,  niid  olein  of  the  natural 
J  art:  protlticcd  bf  the  combiuatioD  of  3  stums  of 
lied  Cittjr  acida  (C.H.OJ  with  i  atomof  gtj'ceriii,  theact 
Wtiou  liciug  attcuded  with  the  »t-puralioii  of  6  atoms  of 
cuiuhi initio im  uf  glycerin  with  the  acids  iiiny  hf 
by  heating  the  acid  and  the  gljcerin  together  for 
I  ia  cluw^  Teasels  at  an  elevated  temperature ;  or  by 
:1jrot.'riii  anil  latty  acid  with  hydrochloric-,  sulphuric, 
Lortartiu  ucid,  and  exposing  the  mixturu  fur  man] 
ipcniture  of  212*^.  A  purtiul  funnation  of  tlicaf 
even  witliuut  the  aid  of  the  stronger  acids,  if  the 
Jic  fattr  arid  bo  kept  in  oontnct  fur  Beverul  mouths 

toaiprmiure. 
I  neutral  corapoonds  of  the  higher  frtty  ucidi  wilt 
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glycerin  ant  insoluble  in  water,  but  arc  lolublc  to  some  ntent 
boiling  aWohoI,  aiul  nre  readily  soluble  in  ether.      IP  treated 
eoncontratcd  acid«  tbcy  ftrc  decomposed  and  actdificd  in  tbe  mi 
mannrr   as  the  natural  fats ;  and  they  arc  all  iinponitiablc, — chat 
tliey  nre  decompoted  like  tbe  naturnl  fats,  into  »  fatty  acid 
glycerin,  wbcn   boiled   witb   an   alkali.      It  hax  been   found  tl 
whether  mouncid,  diacid,  or  triacid  in  composition,  these  fats  arei 
ueulrul  in  their  rcactious,  and  moreover  when  decomposed,  tbeyi 
yield  ■tlyccrin  of  tbe  satncfompositiou  aiitl  condition  of  bydratid 
Glycerin  indeed,  as  a  triatoniic  alcohol,  forms  three  claucaj 
ctlierA,  just  OS  the  trihosiu  phosphoric  acid  forms  three  cluscsj 
»ail9,  the  three  classes  of  rtlicrs  being  severally  rc|»rcscntcd  by 
iioxtvnrin,  di^tcarin  ntid  tristenrin ;  the  three  bodies  lieing  re 
cental  by  the  following  formnbc,  in  which  glyccriu  in  Buppoocdj 
contain   the  triatomie  radicle  {C^H.y,  whilst  the  three  atornsi 
hydrogen  arc  sticccMivfly  displaced  by  one,  two,  or  three  atoms] 
the  r&dtclc  of  stearic  acid  : — 


UtfMriD. 


UolUHlMrig. 


TmUtfia. 


This  view  will  explain  the  poiwibility  of  displacing  the  hyt 
gen  by  different  acids,  a*,  in  accto-chlorobronihydrin,  and  some  ot 
complicated  ethers  of  glycerin  which  will  be  briefly  alluded  to.] 
Monoglrarin  has  the  lupcct  of  bcex'  wax  ;  it  fuses  at  141' 
qnd  eolidifics  at  140°.     It  is  prepared  by  heating  cciuni  purtAJ 
stTJiric  acid  and  glycerin  to  392'',  for  a  couple  of  days  iii  ai 
tube :  the  substaitcc  thus  formed   in  freed  from  cscc<«  of  bX 
acid  by  digestion  with  slaked  lime  at  a  temperature  of  2)4® 
qnarter  of  an  hour.     The  lime  cooibinc*  with  the  excess  of  1 
acid,  l)t;t  docs  not  decompose  the  monostcnrin,  which  is  af 
separated  from   the   lime    nonp   by   digesting  tbe   mixture  in 
ether,  from  which  the  stearin  crystallixos  in  atolUte  doubly 
fracting  needles.     IXtnttarin  may  be  prepared  by  heating  to  2I 
for  six  days,  cqiml  pnrt^*  of  glycerin  and  stearic  aciJ ;  it  reacmll 
the  first  cotnpoimd  in  appearance,  crystftUizing  in  oblique  douB 
refracting  plates,  wbicli  fuse  at  i36''4,  and  become  solid  at  13IJ 
Ti-iiflcartn,  wbieb  in  itlenticat  with  natural  stearin,  may  be  ohtait 
by  digesting  monostearin  for  three  hours  at  a  tctnperatarc  of  5I 
with  15  or  20  times  its  weight  of  stearic  acid  :  it  is  purified  fn 
the  excess  of  stearic  iictd  by  lime  and  ether,  r%  directed  for 
stearin.     Valeric,  bntyric,  and  acetic  acids  have  each,  iu  like  rui 
"er,   Ijccu  combined  with  glycerin  \\v  \\\tc«  i^coijorlions ;  but 
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(Dmpoutid  eooM  be  obtained  wUli  foriiiic  aciil.  It  U  interesting 
I  muark  that  even  the  compoands  with  afictic  acid  piNscnt  the 
ace  of  oil?  bodies,  though  loanv  of  the  simpler  glyccriileo, 
monobatj-rin  (C„H,pJ,  ulii&rbjdrii.  (C^H.CIO,),  and 
ptiii(C^H,^0,),arcverysohiblein  water.  It  ia  not  unlikely 
triacdiii  isonr  of  the  components  of  cod-liTCr  oil,  since  acetic 
IS  foaud  amongst  the  products  of  the  iwpoiiilivntioti  of  thtii  ml, 
(1070}  Glyceriu  has  alao  l>een  siuiil&rl}'  combined  with  other 
lie  sdds,  sueh  as  the  beuzuic  and  tlic  cnmiihoric;  as  well  ta 
flli  hjdrochlorie,  hjdrobromic,  and  hjdrioilic  acids.  In  addition 
tbs  monacid  and  diacid  deriTative*  of  glj'cerin,  Berthdot  and 
Loca  {.-Ian.  dc  Cfiimie,  IIL  Ui.  433)  have  succeeded,  by  methods 
ve  proceed  to  csctnplify,  in  forming  compounds  of  glyocrin, 
t\x  of  which  contains  three  diflurcitt  acids,  thus  exhibiting  in 
the  existence  of  a  proiierty  parallel  to  that  u  bicb  has  been 
rect^^oiacd  in  phosphoric  acid ;  tliin  acid  having  the  poircr  of 
aing  salts  which  coituo  three  diRcreiit  lMi»eji. 
ChtorhydHn  (C,H,C10, ;  Bfiiling  pt.  440°)  is  obuined  by 
Inrating  KlTccrin  iritJi  hydrochtoric  acid  ga*,  and  maintaining 
1^  mixture  at  2 1  z**  for  tliirty-six  hours :  it  ia  to  be  neutralised  with 
orlioaiito  of  potash,  and  agitated  vith  other;  the  ethereal  solution 
^iben  eva[>oratcd  leaves  clilorhydrin  as  a  neutral  oil,  with  a  cooling 
odour,  aod  a  sveotish,  pungent  ta«te.  It  is  mIuIiIc  tn 
and  in  ether,  and  may  be  distilled  unchanged. 
The  formula  of  clilorhydrin  only  differs  frani  thatof  tritjlglyool 
[V'l'e  anhslitotion  of  an  atom  of  chlorine  for  one  of  hydrogen  ; 
t/>iu*iiyO,  by  dissolving  cblorbydriri  iu  aUiut  its  own  bulk 
Tiler,  and  treating  it  with  an  amalgam  of  sudiinu,  has  suo 
mdod  in  obtaiuing  tntylglycol  from  it.  Uy  a  reaction  exactly 
aulogoiiK,  the  clilorhydrin  of  ordinary  glycol  has  been  couvertsd 
ioio  riaic  ak-uhol : — 

Chloriiydrin  .    .    .    5=0.11,010,    1    Tri(yIglyool=C.H,0,j 
CyorUjJrin  of  glycol  =C.n;U10,     ;     Alwbol      .   =  C.H.O,- 

7>i*Ai>r%rfWa  (C,H,CI,Ojl:  Sp.sr.  1-37;  Boiit»g pt.^^i°.—T\At 
Ha  ucatraluil  which  has  a  welUmark^d  ethereal  odotir.  It  remains 
l«ja;d  at  — 30*.      Ithuriis  »itli  a  while  Hamc.bofdercil  with  green. 

Trititlvrhifdrin  {C„Ilj,Cl,  ;  livithtj/  pi.  3 1 1")  may  l)e  obtained  by 
irtiag  upon  the  preceding  oomiiound  with  perehloride  of  phos* 
pitoms.     It  ia  a  uctitral  liquid,  iu^ululilc  in  water. 

Epicklarhifdrtti  iCglljO^C'l) ;  Sp.  gr.  hctwc-cen  ri  and  1*3. — 
This  mbatance  is  a  limpid  oil  which  boils  belwecu  24^  and  2(^6", 
cmittii^  a  vapour  of  au  ctbcn.*al  odour  resembling  that  of  hydro- 
tidorie  cihcr.     Il  dWcra  from  c/ihrbj-dria  by  containing  1  atovwi 
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Ins  of  v&ter.     It  is  prepared  by  beating  ilichlurtiTttnn  for] 
hoiiiv  in  a  scaled  tubo  to  iia**,  with  il  or  tj  {mru  ofj 
iiyclrocbloric  acid ;  after  whicb  it  is  neutralized  «itb  iimei 
tillc<l.      Tbe  uiode  iu   wldcb  tbesc  cbWriiiiitcd  k-oiD^n 
formed  i«  indicated  in  tbc  TidJe  at  jiage  ij^-* 

Epidkhhrhydyiu  {C„Il,CI, ;  Boiting  ftl.  248*}  is  formc"!  ifll 

FqusDtily  during  llic  iirf^Mratiou  of  thcblorbjdriii ;  it  iivuiiw 
furni  of  a  ncatnd,  cthcreul  oil.     It  cotilwa*  a  atonu  of' 

.ihuii  ilicblorbydrin  and    1    atom  of  bjdrocbloric  wtd 
ricldorbydriu. 

All  titcsc cblorioatcd  compounds  when  digested  wilb  1 
of  silver  slovly  part  nith  tbeir  rhtoriiie,  and  reproduce  |>f} 

Acttft-dicMorhydritt  {0,^,11^0,0,;  BisUingpt.  401").— If tj 
tity  of  pure  gl^'cerin  bo  |)Iaccd  iu  a  titbnhttrd  n:turt  kepi ' 
immeraion  in  water,  and  acetic  osychloride  1>e  nddnl  drofi  I 
untd    il  ceusca  to  produce  any   nction,  a  coiuiioutnl  »\ 
attended  \ritb  violent  extricBtion  of  heat.     Tbc   proditct 

tdi^tillcd,  wsRhcd  Hint  vilh  water,  then  with   a  weak 

ralkHli,  and  after  ulton-iug  it  to  st«ud  upon  a  uiuttue  of  1 
caJciiim  and  caustic  potaab  In  frtgDicnts,  is  rtdistillod. 
limpid,  ouk>urlc«it  oil  with  an  etbcrcal  cooling  odour  ii 
whilst  Witter  and  bfdrucbloric  acid  are  sejiaratcii,  by  thc^ 
of  hydrogen  and  oxygen   derived  from  ibe  glycerin 
osychloridc : — 

A  small  quantity  of  aceio-chlor/ipdrin  (CjoH^ClO,; 
481")  i%  formed  at  tbe  sane  time. 

Aetlo-eMorohromhifilrin    C,„HgClBrO,  =  C^HgO,  +  < 
HCI-t-HBr — 3  11,0..— If  a   minture  of  eqnitnltmt  qi: 
acetic  oxycbloiide  and   acetic  oxybromidc  be  made  to 
glycf^rin  tu  the  mnniicr  jiiNt  desoribvd,  a  compound  will 
ill  irbieh,  by  tbu  ebuiiuation  of  6  atoms  uf  water, 
liydtucbtoric    and    bydrobroniic    acids   will    bavo    r 
couibiiistiau  witb   tbo  glycerin,  gi*iiig   nm   to   a  bn 
Ina,  etbcrcal  liquid,  ituoluble  in  water,  aiid  lioilinit  u 
442°,     Various  otiier  analogous  compounds  liavr  ' 
but  tlicy  arc  ofU'U  ditlicult  to  purify,  UMilig  Iu  (1 

become  decomfiond  if  distilled. 


*  It  i»  Iu  Iiv  i>Urrved  Uial  ia  tbi 
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We  find,  howCFcr,  that  sometimes  eeveral  ntoms  of  glyocrin 
iter  into  combination  tiith  a  single  atom  of  au  acid,  nbilst  a 
ttuiable  number  of  atonia  of  wutcr  is  cliDiituiti!<l.  The  folloning 
lAompouotlfl  for  cxnctjilc,  bare  been  oblaiuud  : — 

Hrarbromhydrin       C„H,  BrO,  =2  (CJI^O,)  +  HBr—  4  H,0^ 

"b^Cd^l     }     C„H„BrO,.=  6(C,lI,0j+HBr-ulI,O^ 
Whydrin      .      .      C„H„IO,    =  a  {C,U,0,)  +  III  -  3  H,0,. 

lodhydrm   (C„H„IOJ    Sp.    gr,    17S3.— Wben    glycerin    is 

itcd  vitb  bydriodic  acid  f^,  and  heated  to  212"  fur  forly 

nm,  then  lrcatc<)  with  polnsii  mid  witb  ctbor,  it  yields  a  goldtit 

[Jow  ayrtrpy  liquid,  u-hich  dissolves  one-fifth  uf  its  bulk  of  wnter, 

n  is  not  itself  soluble  io  water.     Tbc  formatiou  of  this  body  ia 

aaonialom;  iC^H^O,+  HI    yielding   C|,.IInlO(.  +  3  lI.Oj. 

Ihydrin  baa  a  sweet  taste  ;  it  is  comhnstibic,  wid  cannot  be  Av- 

tilled  witbout  expcrieocing  decomposition.     When  treated  witli 

ui  aqncoufl  soliilir>n  of  potash  it   is  slowly  decomposed;  iodide  of 

potftMium,  laxA  glycerin  are  formed,  together  with  &  rolatile  com- 

potiud.  which  is  soluble  iu  ether,  and  which  baa  a  compositiou 

re|irC3eutcd  by  (CjIIjOJi,.       This  Hubstiiitcu  woidd  corrcsjjwid  t<bj 

the    ether   of   {^lycenn.       This  sapposcd  glyceric  ft/ier  cautiani* 

the  elementa  of  2  atoms  of  glycerin,  minus  6  atoms  of  water : 

aCjHgO,  =  (CjHjOJi+j  U^Oai  and  its  formutioii  from  iodbydria 

Uiislit  be  tbas  rcprcsoatcd  : —  , 

a'ciXjOi+a  fKO,HO)+H,0,=  ;C,H.o;+(CnW,+>KI-        1 
Wurtx,  boacvcr,  did  not  succeed  in  iirocurin^  it.  I 

OlyctTin  rormo  with  hydrobrumic  n('idci>m|>«iiii(lti  aoalogous  to 
thoH  which  it  yields  writh  hydrochloric  acid,  such  aa  mtmobrom- 
IfJrm  {C.HjBrOJ,  dihromfiyttriH  {C^lljIirjOj)  and  tribrom/tydrin 
(CjHjBr,).         Whrn     au      alcoholic     solution     of     dilironihydriilJ 
I   lC^,Br,Oj)  ia  submitted  In  the  action  of  gaseous  ainmonin,  thel 
■  iffdrobroaute  of  a  new   base,  ybjenrnmtHe,  CgH^NO,  (Bcrthclot 
IimI  De  Luca),    U    produced,    u-hiUt    hroinide   of   innmoiiitiin  ia 

I  Acid  glyceridea  may  be  formed  by  causing  glycerin  to 
■Mabtne  with  &  dibaaic  acid;  thus  wc  nay  obtain  a  monobasic 
Klycrritartiiric  acid  -. — 


Oljrrrin.       T»H«rfc  Mid. 


Cu"u0.o  =  C.1I,0,  +  C,U,0„-1IA. 
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Alfio  H  dibasic  acid  rormed  by  n  dccoiupoaitton  abicli  uaj  bo  I 
rcpi-cscntcd . — 

in  additiou  to  which  an  intermediate  mouohuic  acid  is  ItoH 

n  piiugicut,  ethereal  odour;  it  boils  at  37)^^,  and  ^H 
Ijccumc  &f)lid  lit — 40°;  it  is  scaKcly  soluble  iti  water.  TItisH 
comjtoiuid  i^  uljtuiiicd  hy  sctiiig  upon  n  mixlurc  of  bron 
cttiyl,  glyceric,  and  hj-dntt«  of  potAth  ;  the  materials  aredl 
ill  u  scaled  tiibcj  and  submitted  for  four  days  to  a  teiMH 
ofaia'*:—  S 

Sromiiln  of Mhjl.  OfjathO.  Bintkjl^.  ^M 

aC.ia^+C^H^,+3  (KO.llO) »  C„H„0,+a  KBr+>  IW 

or  it  msy  be  re^rded  aa  Lbc  result  of  the  eomhinatiou  uTra 
of  nlcobot  and  j  of  glvceriii,  attended  with  ttic  separaiiau 

atoms  of  water,  rc^reseutiiig  «  double  or  mixed  ether      !&■ 

(cM 

For  the  further  prosecution  of  this  subject  the  reader  itS 
to  the  |)apcrtt  of  Bcrtlicliil  in  the  Atimtlet  de  Chimie,  ani|^| 
on  tilt-  etl>cr«  of  glycide  by  Bclwiil,  ib.  Ix.  j.  ^| 

(1071)  Acrotein,  or  Aciylie  Atdekyd  [CJItO,— G«l^| 
Sp.  gr.  of  vayaur   iHy'- — When  jjl^cerin  or  any  of  its  oa^| 
is  siihmitled  to  the  ordiiiarj'  procuiw  of  ditlillatiun,  it  i|^| 
deooiupDeition ;  and  amongst  tbc  prodncu  is  a  Fubstatli^l 
from  \u  iritcii!tet;  irritiiling  i-flects  upon  llie  luucous  u 
thccyesarulurgaiisof  respiration,  lia«  received  ibonaoi-       ^^ 
This  Hubstatico  is  best  obuiiiicd  in  n  alalc  of  purity  (Bedt^l 
hiefiiff'a    Ann.  xlrii.  II4),  by  diMtillitig    iu    a    ■   1. 
mixture  of  plyceriii  with  auhydroua  phosph 
bibulphnte  of  potobli :  the  rnpoiu^  must  Iks  corulcn^  r^ 

C^Mjtfd  rei;t;ivfr,  vrhich  Is  tnlctl  nw  (o  the  ret^irt,  ..n  i., 

n  lu))G  opening  into  n  ehimney  with  a  giim]  dniii,;! 

Tlif  object  of  iL<ui)g  anbydroan  phosphoric  acid  1  <  M 

i»  to  cfToct  the  il '     '      ".north.    ■"        '       '   ,.  -^ 

the  eleuienls  of  a  1,  and  4  ci. 
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*'  'iHr*!  li<)uid  wpRratea   into  two  kvere,  llie  upper  one 

:  ai^roicin,  mid  tbi.'  loner  one  of  an  nqiieoim  niliiltoD  of 

antHtAticr',  miicH  with  a  quantity  of  acrylic  ncid.     Tliia 

■  must  W  (lighted  witli  f!iieIy|>o«(lere(l  litbai^  uhicli  ciitcr* 

ibiuatiou  witJi  the  acid,  and  thcu  rectified  Ijy  tbc  heat  of  a 

i:  the  BcroleiD  thnn  obtained  miiKt  Iwsulimittrd  to  &  Bcrond 

>n  front  cliltiride  of  cnlciiim,  nftflr  which  it  is  nearly  free 

lOfitjr.      All  tliti»e  opi^raliuus  uiu»t  be  cnrried  on  in  vesHcIa 

carbonic  acid,  for  titc  pnrposc  of  excluding  atmospheric 

laev  acroleiu  bccooio  rapidly  oxidised  wIirii  exjwaed  to 

IciD  M  a  timpid,tma«peircnt,  colourlesa  liquid,  lighter  tlinn 
kd  po«aes«cd  of  a  high  refrdetiti^  power.  It  hat  ii  hiiniing 
,  aod  cint(3  m  vapour  which  is  intolerably  irritating ;  the  boihng 
.  of  the  liquid  n  alxtut  135°.  Il  hnrns  with  it  clear  luminoua 
Acrolein  when  ptirc  i»  neutral  to  tf»t  pa|«jr;  hut,  like 
alilrhyd,  it  ra^iidly  becomes  acid  by  the  absorption  of 
from  the  air ;  a  mixture  of  acrylic,  acetic,  and  rormic 
iWiotl  produced.  In  fact,  it  coataiiu  i  atoms  of  oxygen  less 
iMrylic  nciil,  to  which  it  aliLnds  iu  tbe  aaiuo  relation  as  ordi- 
flUebyd  docs  tn  acetic  acid.  Acrolein  is  li-eely  totuble  in 
viral  rrquircf^  40  parts  of  vratcr  for  nolutiou.  It  cannot  long  be 
w-itliout  change,  even  iu  ocaled  tubes ;  but  bccouiei^  ooit- 
h)U>  a  vhite,  flocculcnt,  and  probably  isonteric  subHtaiice, 
Idiaacry/;  tbt»  compound  ia  insoluble  in  water,  ucids,ulLiaIi€9, 
biMulphidr  of  ciirbnii.  Sometimes -the  acroleiu  be<'ouic8 
into  a  risiuoid  body,  which  melts  at  313°,  and  furmo 
.  lareni  mass  on  cooling  ;  this  HulMtancc,  though  iiiso- 
mvolubtc  in  3ilcuhol,iii  etber.aod  iu  alkalincnolutionti, 
rreaetious  of  acrolein  witli  tlie  alkalies,  further  show  its 
to  ati'  '  '  — when  mixcil  with  a  solution  of  potash  or  of 
\U  rspi'i  '  upou  ;  itt  irritating  oilonr  disappears  and  ia 

by  oa«  of  cinnamon,  whiUt  a  brovu  rctiuoua  aiibstanoe  is 
The  ctherral  nolutiou  of  acrolein  vhcn  minted  with  aramo- 
a  white  nmoriihoiiii  Ijody,  destitute  of  odour.      When 
with  oitnli!  of  stlrer  it  Rires  a  white  eurdy  precipitate,  wliich 
"     'ilfcr  on  boiling,  thoiigb  without  coating  the 
i   melal ;   oerylntu  of  xilvcr  rciuaitw  in  solu- 
^Daule  of  ailror  rapidly  osidiiccs  acrolein,  with  great  evohi- 
vtd  cDurcrts  it  into  acrylic  acid  ( n  25) ;  the  acid  \% 
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iudccd  easily  propnrcd  by  this  means  from  the  crude  Hqaid  oliUij 
tjy  the  dcKtnictire  diatHlation  of  the  fixed  oils. 

llofuiann  and  Cahours  hive  succeeded  in  discoveriiig  the  alljf 
aicohol  (CfH^O,  110),  a  compound  which  stands  in  the  samp 
tion  to  scrolein  that  «thylie  niooliol  does  to  nrdiiuiry  aldeli| 
many  of  the  derivatives  of  ttiis  alcohol  hare  been  loug  knoi 


$  III.  Otueh  PoLrATOMic  Alcohols. 

No   triatotnic  alcolio]   except  glycerin  has  yet   been  AAm 
uttclr  proTcd  to  ctist ;  but  it  Is  probable  thnt  manoite,  atid 
congeners    pinite,  dulcitc  and  qiierciti^   as    well   as   glucose 
aonio  other  sugars,  arc  polyatomic  alcohols  of  atitl  greater 
plexity  than  glycerin. 

(1073)   ComitmmJt  of  Mannitf.  tHth   the  Acid$,  aHaioffovt 
Fats. — The  inrcntigatious  of  Bertbclot  upon  the  eombiiiatioitf 
saccharine  bodies  with  the  acidn  hare  dioclcsed  tlie  existence 
series  of  conii>oiind»   prCMjiuing   n    rcinnrkiible  nnatogy  irilh 
fst*.       {Aim.   de    Chimif,   lit.   xlvii.   197).       Wheti    nianmtt 
hcaU'd  for  some  hours  with  the  hydratcd  acids  in  seated  tal 
wmler  pressure,  it  gircs  rise  to  a  scries  of  compounds  which 
exactly    pandli^l   with   thoite   obtained    by   treating  glycerin  in 
piitiilar  uianiier.     If  stearic  acid  be  tlim  faeattfu  wiUi  mnnnile 
forms  two  compounds,  riz.,  d'uU'arv-matinite  and  MaUaro-i 
vhicli  miiy  be  rcproi^ented  m  formed  thus  : — 

Tri«t««ri>-iu*iiiiil«, 

Tbc^c  eubstani:es  can  sc:ircc1y  he  (lUtinguished  from  diatcarin 
triB-tcarin,   which  are  the  eorrcsponding   compounds  of  glvi 
they  are  solid  crystalline  fats,  of  about  tbc  same  degree  of  fu^ 
lity  a*  tbe  stearins.     They  admit  of  being  saponified  in  the  8; 
maimer  as  the  true  fats ;  and    when    dccora{>o«cd  by  luucx 
yield  stearic  acid,  and  a  solution    from  which  the  sweet  syr 
mmpuuud,   maonitane    (943),    is  obtained.       This    s  .■)■•-.  loa 
greatly  resembles   tluit  of  glyi^erin  in  appearance  and  pm 
that  Bcrtlurldt  thinlcs  il  is  by  no  means  improbnhli  1.1 

the  natural  fats  which  arc  at  present  mippoM-<l  to  Ik  mi,  ji 

glycerin,  may  turn  oat  to  Iw  dcrivativcaol  mannite.     C   1  ipounds 
of  mannite  similar  to  those  which  it  forms  with  sttkri(  acad,  hate 


AcrioK  or  roLVBASic  xcua  vpos  the  sdaars. 
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bsa  obtaioed  li^  heating  it  wifb  palmille,  butyric^  acetic,  beiucHi^ 

«J  other  ncifU.     lu  compound  with  acetic  xcid,  aeeto-maanite, 

(CjlInO,j*:C,jH,,0,3-h3C,H,0^— 3  IIjOj)  i«  a  viscid,  iiitcu&ely 

ditlcr  Iic]ui[|,  nliich  emits,  whcii  narcued,  a  [icciiliar    oduur  IiIlc 

■■I  |MKi*,CMed    Ijj;    inanf  of  the    timbi-IIireruii«    plattts.      AViib 

^tj^rucliJuric  acid,  nfaimitv  yields  a  white,  neutral,  vrll-cr^rstallized 

ioAy,  chhrrhgdromanHile  CC|jll,^CIjO^),  which  has  a  bitter  nroraatic 

tMe:  it  ill  very  soluble  in  ether,  and  iiinj'  be  vulalilizcd  without 

ibrdiic.     The  fat-liku  derivatives  of  tnannitc  are  neutral  bodies, 

which  art.  produced  from  two  etimvalcnta   of  tkcjd  maj  be 

to  be  formed  by  the  union  of  i  atom  of  mamiitane  atid 

of  the  noriDul  tiydratc  uf  the  acid,  attended  with  the 

t>ou  of  4  atoms  of  water  ;  whilst  tlinse  ooiitainitig  6  eqiiiva- 

acid  arc  formed  from  one  of  mannitaiic  and  6  of  the 

acid,  with  the  separation  of  12  atoms  of  nater.     Mauui- 

mthrr  than  manniie  therefore  is  the  luialoguc  of  glytxiiu. 

Mauiiitc  also  form*  compounds  with  the  polybasic  acids,  such 

Is   Lbe  iiulphuric,  the  tartaric,  and  the  phosphoric  acids;  these 

CCKDpoundK  bate  nn  acid  character,  and  itrc  analogous  to  the  suU 

tjlvccric  and  phoeplioglyocrie  acids  (1068). 
(1073)  Action  0/ Foil/basic  AdttsypoMlhe  Siigara. — Berlhelot 
sbowD  that  most  of  the  sacchuriuc  bodies  enter  into  combina- 
Ikro  with  variouk  poljliasic  at^idn,  forniiujj  viilU  Uium  colligated 
acid*  analogtvus  ia  coropotilion  to  tamuc  acid  [1 137).  If  for  ex- 
mplc,  powdcretl  tartaric  acid  be  intimately  niisod  ivith  an  e(|iml 
•light  of  eucrofC,  gliieoM!!,  Inclose,  vorhiti,  pinitc,  <iucrcite,  mannite, 
nr  crythro-mannite,  and  bo  exposed  in  an  open  resDcl  for  a  day 
t»o  to  a  temperature  of  about  248'^,  the  acid  enters  into  com* 
with  the  aaeclmriiie  body  more  or  less  perfectly.  In 
iler  to  iiiolate  tbe  new  body,  tbu  masa  is  allowed  to  cool,  and 
ifterwanU  irilnratcd  with  irater  aod  carbonate  of  lime.  The 
of  tartaric  noid  is  ibus  removed  in  the  form  of  tartrate  of 
',  whidi  ift  in^diible,  whiUt  a  salt  of  lime  with  the  new  colli> 
n^iniiitis  in  mtntion,  mixed  with  tiie  excels  of  uncom- 
larinc  matter.  On  the  addition  to  tl»c  tUtratc  of  twice 
ib  boB:  of  alooliol,  the  lime  salt  i&  precipitated,  and  may  l)c  puri- 
tal  fay  wasliiii},'  with  alcohol  of  »p.  gr.  0"y20.  The  piirilicalioii  is 
aRO|iJctnl  by  rcdi^solving  the  Mtit  in  water  and  ropcaliug  the  pre- 
Rpttation  with  alcoliol,  once  or  twice  more.  If  the  Mit  thu9 
obtaincil  be  treated  with  an  equivalent  propurtJou  of  oxalic  acid, 

tncw  acid  ts  ect  at  liberty. 
Piiriug  the  formation  of  iIicm!  colligated  acids  the  saccbariuc 
f  loecs  the  cicinciila  of  water  in  the  act  of  coubining  with  the 
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poljrhanc  ncid,  vliilat  the  httic  poorer  of  titc  acid  ts  t&oua 
ill  the  analugoits  aue  of  the  oonibiiiatioii  of  ftulpha 
vr'ilh  llio  elements  of  alcohol  (98^)  in  ttic  prc|MiniLioii  ol 
eth^lic  nctil. 

The  foUonring  etiuilioiis  will  serve  to  elucidate  tlie : 
of  some  of  tb«c  sncro-acid* ; — 

T.  Suero^artaric  aciil,di\n»c: — 


2.  Gluco-iartaric  acid,  dibasic  ; — 

GtwDM.  eilK4.|wUlio  Hid. 


TWrurie  iriA. 


3{>HO,C,H.OJ+C„»,.0,.= 

3.  Lmto-larUiric  acid,  Hibamc: — 

TWInieul.  Caotow.  LK4o4utane  mM. 

4  (jHO.C.H.OJ  +3  cirriiA.  =  9  (i  HO.C^K^O^  +4I 

A  Iri  basic  lacU)<tartaric  nod  vt&i  obtaitird  od  one  occK* 
tribssic  manniiartoTic  and  tribasic  gluco-dtric  acid  appi 
wise  to  exist. 

(1074)  Sacf/taridea  and  Gincoiietc*. — In  pursuing  I 
searches  Ucrthelot  [Ann.  de  Chimie,  III.  Ix.  93)  bm  «io 
formigg  a  variety  of  neutral  compountU  bjr  Uic  actios: 
upon  glucoM,  and  on  other  Tarktic*  of  sugar.  The  fumi 
the  splitting  up  of  tlieie  saochfLrido^  are  vflfocted  under  4 
similar  to  thotte  irliiuh  arc  applicable  to  the  iicutral  la 
iiiiU^cd  the  chemical  and   phvslcal    propertien   of  l'< 

ofcomplox  principles  are  very  similar.     The  saccl.- 

ever  much  more  alterable  and  arc  more  dilBciiIt  to  pfoij 
the  neutral  fati>,  or  even  than  th«  still  more  closely  allkdL 
compounds  of  this  nature.  " 

A  Btmric  glucose  for  example  nui}-  be  fomi»l  by  If 
350'  for  50  or  f>o  hours  a  mixture  of  niili^drous  gtaia! 
c«nc  sugar,  or  of  trclinlosc  with  ettHrie  aelil : — 

Glnmcg.  BMrni  wtiL 


«ilM>U. 


It  is  B  eolourlosa,  waxy,  fiioibtc  »oltd,  aolulilc 
a)i#olat«  aloohol,  but  insoluble  in  vrnter. 

By  BtialogOHH  metliodo  Iwnzoic,   butyric,  xaA 
have  been  olitolueil  aa  neutral  uila : — 


tWrrcAin  »iM, 


■I'll 


r   ir  d  __..  n  n    _  (- 


uccnAMOica  or  OLVCOsion.  380 

Antk  M»L  inllf  bIui«Ml 

|C„HuO„+6C,  H,0^-7  HA  =  CJlJ^: 

Hilpburic  add  decomposes  these  compoimitti  when  bcnt«d 
un.  tbe  elements  of  wtiler  Ijeiiig  asMiiiiliitiii,  vrliilitt  tliOu 
and  and  fcrmcntablv  sugar  arc  reproduced.  IT  heated 
mixture  of  nJoohol  utiiJ  hfdrocliloric  arid,  fcmiciitiible 
libcraietlr  whilst  tlie  edier  uf  tiie  organic  acid, — beuwiCj 
or  acetic  ctlicr  is  jirml ucrd.  They  all  reduce  tlio 
tartrnte  of  copper  iml  pntiuh. 

riv  do  the  ui^'ar^  lliua  uiiilc  with  the  acid«,  but  like  the 
nIcohuU  thc^  mn^  uUo  comhiiic  with  the  ra^iclcH  of 
SoHoIb,  or  with  the  radicles  uf  both  acids  and  alcohols. 
wpouDda  arc  analogous  to  the  glyccride».  Et/iijl-ifiu-cate 
ipla  ia  obtaionl  h^  iic-ntiug  tu  jiz^for  several  tiny*  a  mix- 
Koo  sugmr,  bromide  of  ethyl,  and  hvdmt«  of  putanh.  The 
lact  !•  diswivod  h^  cneans  of  ether,  aud  remaiua  after  the 
inatporatod  in  vacuo  .- — 


L  . 


■ioiBM»Mk)l. 


ribyl-ilunM*. 


ni  oU  wliicli  is  not  ToUtilixable  i*  thus  obtained.  It  is  of 
'tiatc  and  faint  ^tf^rceublc  odour  rcHcmbliiig  that  of  old 
,  Mjuijt  sututtancvfi  resembling  thi^i  compound  occur  na> 
i  Wkch    fur    io&caucc  a»   »aticin,    pUlorid^u,    arbutiu,    and 

I 

Hi  be  obeerrcKl  that  the  gluco^ides  are  fortued  from  a 
If  (if  gbicoAC,  which  j^ichU  z  stoms  more  of  water  than 
<lttvc  Iwcu  exp<!nted  from  the  aiialngoiis  reactions  with 
h:   the  body  which  corre»|ionds  to  the  ulcohol  buviiig  the 

''ylJ,^0,„ — tlii»  iiody  however  hnsnotbfcn  isolated — 
.  LXT  .v^i    lu^gcfttfl  for  it  the  iiaou:  of  giuv&mne,  to  Indicate 
loa[T  witb  mauniUiuc. 
IvtMti   ^ii'lil*,  by   rart-fnl   hcnting,  a  oompotind    CjjHmO|,^ 

t^rms  aaccharide  (p.  78). 

rcKarcIies  upon  the  deritatives  of  sugar  are,  however, 
IcUnr  nji  several  points  which   arc  still  but  little  under- 
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rSODtlCTS  OF   TUB    OXIDATION    OF  tUB   Al^OBOU-^ 

{  I.  Tbi  Aldehtds  and  Acktukes. 
[a)   7n«  Aldrkyda. 

(1075)  AltuHion  hsft  been  itlrvndy  made  00  tett 
to  tht*  iin[)ortaiit  series  of  acids  which  arc  produced 
tioD  of  the  alcohols,  but  a  Kries  of  roiii)K)iiud»  may  be.| 
wliicli   ftre  IcMi  Iiighly  oxidized   tlian  tlie  acids,  wliidi  bt 
intennciliatc  jxtttitJou  bctuccn  the  atcohoU  and  the 
)invc  recrivrd  the  name  nf  ahtch^ds.     Many  of  the 
these  bodies  are  remarkable. 

It  ba«  ilri^dy  hccu    mentioned   that  when  ftlcwiij 
witli  free  acccRs  of  air,  the  sole  products  arr   cart 
water.      If,   liotreTcr,  the  comhuKtion  be  cfTectcd  at  a 
pffature,  and  with  a  limited  sn^ipty  of  air,  QUmcrous 
pounds    arc    formed,  and   the  vapours   emitted    liaic_ 
irritntiog  effect  011  the  eyes  uiid  nose,  due  jiriucipalM 
duction  of  a  r«m&rkablv  body,  natncd    atdehtjd. 
fact,  is  imperfectly  biiriied  ;  in  each  molecule  of 
of  hydrogen  arc  couvcrted  into  water  b?  union  with  ' 
of  nxygeu  from  the  air,  and   aldeliyd  (d/cohol  dehyi 
obtaiued : — 

AboboL  JMAji. 

Simitar  compounds  nrc  fnn)i»hed  by  the  impcrrpct 
the  utlier  alcohols.  Tin;  following  aie  ihe  priiicipnl 
clatw  which  have  been  examined  : — 


CMqmudt. 

J*MirBmljit 

apf«!lc  Uartijr. 

Uf|iud. 

- 

Formic  sldehfdP     •    • 

&S'S< 

,\r«-ti(!aMchyil    .    .    • 
I'ropionic  alaohyd    ■     ■ 
Butjrie  Rlilebva  -     -     ■ 

C.H.O, 

079 

i'63 

C,  H,  0, 
C.H.O. 

0-M 
0«ft 

rti 

Volcric  alil«tijd  .     - 

£"S«S» 

v9a 

rgd 

Cn|»r"!i^  aMfhvd  .     .     ■ 

C,.H„0, 

(El,                 ,lJ<.hyd    . 

'-..«./'. 

0H17 
V8t8 

■i»7 

cj\  .0. 

1       ■    ■  • 

EnudM  alilrlifi]  -     .     • 

' 

ff8« 

r"? 

1  Lauriualdeliyd   .    .    - 

f„H  ,'> 

■3 
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aldehyds  nrc  eluracterized  by  their  reinttrkible  tendency 
ibEiMt  witb  oxygeii,  tu  contcqucucc  of  ifbich  they  absorb  it 
cxpoftnre  to  the  air,  and  become  acid.  Each  molecule  o{ 
atMOrlw  3  atnoiH  of  oxygen,  and  it  converted  into  the 
ondiDg  acid  ;  for  example  : — 


4  (HO,C.H,0J ; 


a  C,H.Oj+0»  =  2  (UO,C,H.OJ. 

of  the  alflclijds  combine  with  ammonia,  anil  form  with  it 
line  compound*  whicb  «re  insoluble  in  ellier.  AVben  mixcil 
•olutiou  of  potasb,  they  form  with  the  alkali  a  browu 
Many  of  thorn  when  heated  with  a  solution  of 
aUvvt,  to  which  B  small  qiiniility  uF  luumonia  ba.s  liecit 
mpoac  the  salt  of  silver,  and  reduce  the  metal  in  the 
Ts  mirror-like  coating  upon  the  inner  surface  of  the  teasel 
ch  tliev  arc  heated.  Another  rcmnrkable  properly  of  the 
is  i»  their  (lower  of  forming  with  the  bisulphite  of  potash 
ndi.  cryscftlline  compound!!  of  stable  character  and  sparing 
t^.  Tbeac  com|)oundi^  contain  the  elumentH  of  one  atom 
I^ite  of  the  alkali,  and  one  uf  the  aldeliyd,  with  or  without 
of  crystallization,  having  thcf^ueral  forninia,  {HO,KO,SjO, 
10.  +xAq).  Many  c««eatinl  oiU,  such  as  those  of  bitter 
la,  cionatnoQ,  ciimniin,  and  spinea,  form  similar  compouudft. 
'Qccs  arc  probably  the  aldchyds  of  a  different  class  of 

73)- 

(Is  nrc  polymeric  with  the  ethers  of  the  neid  in  the 

■bich  they  Iiclong,  but  they  yield  rapours  of  but  half  the 

of   that   of  the  corresponding  compound   ctlicr :— Thus 

rd  is  polymeric  with  ac«lic  ether;   a  C,HjOj  =  C|,H^Oj 

HjO,  ;  and  valeric  aldehvd  is  polyincrie  with  valerate 

■>:-«irctical  i:f>m|>ii»itiouof  tlie  aldeliyds  liaA  1>eeD  ranoii^ly 

Licbig    pn)|ioM)d    to    rogat^    tcettc    aldeliyd    a»i 

,10,HO,  or  sa  the  hydrated  osidc  of  a  peculiar  radicle  C,U„ 

-;,' ;   aud  a  nimilar  tIcw  wmihl  of  course  Ik  applicable  to 

-  :<]ncc  diACOvered  :  they  may  alao  be  regarded  a»  com. 

BOinc     measure   anglogous    to  hvdrogen  ilMrlf,  acetic 


IriniT    then    repreaented  by  the   formula 


C.HA) 


with  iliC  hydrogen  tjrpe 
ti  2 


") 

//)• 


"     ) 


III 


TIicsc  rieirs  will  be  Aia- 
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cussed   more  fully  when   Ute  properties  oF  acetic  ildeh] 
considered. 

Tlie  nldeliTds  Arc  mutnljlr  rotnpounds,  seteral  (if  ll-cni 
into  bodies  nhidi  are  isomeric  with  them,  but  nhirii  ]Kta 
jici'tice   CDtirelj  diSereut    from  the   true    and    rapidljr  on 
nIdelijtU. 

(1076)  FoRHic  ALDRiiro  luu  Dot  liitfacrto  been  uti 
i»olatc<],  but  metAplal,a  body  homologous  wiUi  acvUl,  b  0 
amongst  tlic  products  of  the  gradual  oxidalioit  of  wood  1 
ueaos  of  peroxide  of  nungancse  aud  sulpliuric  acid. 

(1077)  3.  Aldebyd,  Acetic  aJdehyd  (C,H,0,) :  Sp.gr. 
at   33",  0-8009;  ^  vapour   1-532;    Boiling  pi.  tj^S  {K 
Acetio  aldchyd  was  the  earliest  discorered  memhor  of  flH 
of  aldeliyds,  aud  owing  to  its  cooQcxioa  with  the  procd^^l 
ficntion  it  i»  by  tar  thu  inoet  important  of  them.  ^^M 

Prrparatiun. — Aldtrhyd  may  be  obtaiued  by  the  grail^H 
tion  of  aJcobol  iu  various  waye :  thus  tt  is  formcil  ^H 
vapour  of  alcohol  mixed  with  air  is  traDsmittcd  throad^H 
lain  tube  lieated  to  low  redness,  or  when  alcohol  is  a^^l 
by  dilute  nitric  or  cbroiuic  acid :  owing  Co  tlie  actioi^^| 
uciil  upon  tho  clmncnls  of  alcohol,  it  is  produced  durin^^H 
paralion  of  the  fulminate!)  of  dilvcr  and  of  niervury,^^| 
always  present  in  nitrous  ctlicr ;  it  may  also  be  [irucui^^| 
dry  distillation  of  lactic  acid,  or  of  lactate  of  c<>pper.  ^H 
remarkable  mode  in  which  aldchyd  may  be  obtained  ^H 
pointed  out  by  >'utuMao»  :  be  finds  thatwhea  chloride  oCJH 
ninm  (1197)  is  mixed  with  nitrite  of  silver  and  a  little  ^H 
acid,  A  copious  evolutiou  of  nitrogen  occurs,  and  aldcbvd^fl 
abundantly ; —  ■ 

CMoiJdcWikl^lnha.  iMihji.  ^M 

C^>,'-H,N,t>'l,+  MABO.rf  OJ  =  a  0,tl,0,+»  »,+  a  lf,0,^| 

Dictbyleninm  ia  itself  derived  from  Dutch  liquid  by  the  Cj 
amtnotiia  upon  it;  whence  it  would  npjiear  that  a  eluM  |M 
ship  exists  between  oleRnnt  gns  aud  alih-tiyd.  ^M 

None  of  these  reactions  arc  employed  for  the  prep^H 
aldohyd,  since  tliere  are  more  convenient  methods.  Oa^^| 
co)i»i«t3  in  placing  3  parts  of  bichruinate  of  jntaHfa  in  a  ^^M 
alluHiug  a  Biisture  of  4  parti  nr  sul|ihuric  add  dilut^^| 
times  its  v-olume  of  water  to  Row  into  tlic  retort,  eontMui^^| 
of  aloohol,  cmded  by  immersion  in  afrcezing  mixlitrv  ;  ^^H 
commimcca  witliout  the  ntd  of  heat;  the  Tapours  mtnt^H 
deiiaod  in  a  proper  refrigeratory,  ^fl 
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Aldchyd   is  howcTcr  usually  procured  Ijy  Licl>ig'a  mctliod  of 

tilling  in  a  capacious  retort,  a  mislurc  of  6  parts  of  sulpliuric 

nil,  4 of  alcoliol  (sp.  gr.  o'83o),4  of  wutcr,  »iul  6  of  Rtioly  [lowdered 

oxide  of  maogaucsfl.  lu  tbia  process  the  osi<le  of  matigaiicsc  is 

imposed,  sulphate  of  protoxide  of  nrutngaiirsc  i»  formed,  whilst 

:  Bcoond  atuiu  of  tbv  oxygen  of  the  biiioxiilv  of  mutigaiic^c  co>c- 

witK   the  hydrogen  of  part  of  the  alcohol,  and  aldehyd  is 

led  and  paniics  over.     The  product  being  very  volatile  must  be 

]cn»cd  iu  veewls cooled  witli  ice,  and  the  process  mmt  be  stopped 

Irhen  the  distillate  becomes  acid.      Sitice,  however,  it  is  in  a  very 

lute  and  impure  couditioit,  it  is  to  be  rectified  from  an  eqiinl 

Veiglit  of  chloride  of  calcium,  in  order  to  free  it  from  uleuliul  uud 

•atcr.    This  operation  is  repeated  twice,  or  even  three  times.   The 

dUtilled  liquid  still    rclaioe  alcohol,  be»ide«  a  small  quantity  of 

iccttc  ether,  and  a  liquid  termed  acclal  (1079).     For  thcpurpoacof 

cbtainiug  it  free  from  these  impurities  it  is  mingled  with  twice  its 

hnlk  of  anhydrous  ether,  and  saturated  with  dry  amniouiac&l  gas, 

while  the  liquid  is  artiticially  cooled  :  prismatic  needles  of  suon-y 

whiteness  nrc   thus  formed;   th&te  eryst^di  coji^isc  of  a  compound 

of  alileliyd  with   amniouia    (llj^N.C^ll^O^  which  is  iusoltible  iu 

ether,  though  very  soluble  in  water;  they  may  be  dried  iii  Ifae 

open  air;  they  fuu:  at  >  heat  a  little  below  :iis%  and  at  212°  may 

lie  iubliined  unchanged.     If  heated  iu  the  open  air  tticy  take  fire, 

nd  bum  with  Qanie.     After  a  time,  eren  when  kept  in  closed 

nnebs  tbc  crystals  become  brown,  and  emit  au  odour  like  that  of 

bwncd  feathers.     To  obtain  pure  aldehyd    frou)  tlutm,  2  parts  of 

the  crystals  dissolved  in   2  of  water,  arc  distilled  with  3  of  oil 

of  fitriol  diluted  with  4  parts  of  water ;  the  product  is  received  ia 

*t«Mdft  aurrouudcd  with  ice,  and  is  Gnally  rectified  from  chloride  of 

dldum. 

Properties. — Aldchyd  is  a  volatile  inflamoiablc  liquid,  with  b 
piiugcikt  irritutiiig  odour,  which  haa  a  faint  resemblance 
'  tliat  of  apples.  It  may  be  mi\cd  iu  all  proportions  with  alcohol, 
Fctlier,  and  water.  It  ha^  no  acid  reaction  upon  litmus  paper,  but 
tltCBB  Kaireely  he  expoxc-il  totbeuir  without  ubsoibiii^ oxygen, and 
tlicn  fornia  an  acid  compound.  Aldchyd  yields  witli  ammouia 
peculiar  cryatalline  body  already  described,  but  wheu  »imi- 
ly  treated  witli  puta*h  it  givett  a  brown  resiuous  nia.ss  :  this  is 
Doe  of  ita  mort  characteriatic  reactiona.  Another  Etrilcitig  one  ia 
its  paver  of  reducing  the  oxide  of  silver,  and  of  yichliug,  wheu 
Wilcd  with  »olulJou»  of  tlie  salta  of  ihU  metal,  a  mirror-like 
ftiBlitig  of  ailver  upon  the  aides  of  the  tube  tn  whicli  the  cxperi- 
it  u  made :  tlu:  solution  should  be  rendered   feebly  alkaline 
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by  the  addition  of  a  few  drops  of  a  wea^  solation  of 
In  this    exj>eriment  a  portiou  of   the    «lil(;liyii   i*  rtniTert* 
an  acid,  at  the  expense  of  the  oxygen  d4>rivexl  from  a 
the  oxide  of  silver  mhicli  is  thus  reduced  to  the  mrtnllic  ftel 
the  newly  formed   acid    enters  into  combination  with  a 
the  iindocotnpospd  oxide  of  mItct. 

Chlorine  disiilncca  a  portiou  of  the  hydrogen  of 
ooDverting  it  into  chloral  (lozi)  ; 

^  c^HA+jCi,  =  c.cCho,+3Hci. 

Aldehyd,  vhcn  trfloemittcd  over  a  mixtitre  of  lime  and  hj 
liotafh  in  a  hcat«^  ttibcr,  first  hecoinra  brown,  auil    is  thea 
po»cd    with    disengage  men  t    of   hydrogen,  leaving  a  wl 
corapoBed  of  acetate  of  potash  : — 

6^0,+  KO.HO  =  KO^jUgO,+  M,. 

Potassium  when  placed  in  contact  with  nMrliyd  disi 
g(,-ii,  and   forms  a  wUible   cvmiiouiid   (C^IIjOjK) 
alkaline  reaction,  which  absorb*  oxygen  readily.     TTit* 
coutaiufi  tbe  elenaeikts  of  aldebyd,  in  which  otie  atom  of 
has  displaced  one  of  hydrogen. 

According  to  Liebcn  (Lifbij/'a  Arinal,  cri.  336)  if 
saturated  with  dry  hydrochloric  acid,  while  kept  coltl  hy  im: 
in  a  freezing  niisturc,  the  liquid  ecpuratrs  iuto  two  Isjl 
tower  one  Iwing  an  aqueoua  ralution  of  hydrochloric  acid  1 
upper  one  consisting  of  C,H^C1,0,  {Sp.ffr.ofrti/totrr  yc^; 
ft.  241").  lie  terms  this  litiuid  Mrychhridc  (^  rt/iylidn, 
dccoiiipoHcd  by  bot  wafer  into  aldebyd  and  hydrochloric  aa 

Aldehyd  if  heated  with  aeelic  anhydride  to  360*  in  i 
Inhc  unites  with  it,  forming  a  coloiirli-*s  liiiuid  (C^H^OpC 
isomeric  with  binncctate  of  glycol ;  it  boils  at  336°.  Stmil 
pounds  may  be  formed  with  bcnioic  and  vitccini'  ' 
If  aldehyd  be  beateil  with  chloride  of  act-tyl,  in  aenl^  . 
two  bodies  unite,  fonning  a  licjuid  (CglTjClOJ  wliicb  buJIa 

348'  and  ^r>f-  i 

Aldehyd,  even  when  preserved  in  scalrd  tubes,  has  ifl 
to  undeTgo  a  rcinarVabb;  iiponl»neoti»  caavcrsion  iolfl 
subslanf^CH,  cneh  isoiooric  with  it;  one  of  these  t-^  '  "a 
body,  melaltlehyd,  nbich  may  Ik  suhliiued  at  ^^  ,  -  ,iJ 
going  fn»ou  :  tlic  ollior  retaina  tlie  Ilqtdd  fonii  asd  it  teJ 
Ayf/;  the  latter  may  bo  mixed  with  water, alcohol, ai id  edtefl 
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ttonB  ;  it  boiU  at  aoi",  and  firecKes  at  3Si°6.     The  density  of j 

vapour  acoonliiig  to  Fehliog  is  4'5i57,  which  is  three  timW'I 

at  of  aldchyd  ;  claJdchyd  appears  tbereTore  to  have  been  formed 

the  condensation  of  the  elements  of  three  molecules  of  nMehyd 

Ito  ooe.      A  tliird  isuincric  body  termed  paraldchyd,  is  a  liquid 

licb    sotidiBes   at  jo°,  and   boiU   at   257";  it  ia   funned   when 

ti^d  diluted  with  ait   eqiul   bulk  of  vater  is  exposed  with  a 

of  HUlpburic  or  nitrie   acid  to  a  cold  of  ^i° ;  cryiiljil!i  of 

letaldobyd  we  dejioititcd,  and  paraldehyd  rcniaina  in  the  liquid; 

lie  sp.  gr.  of  its  vnpoiir  is  -f  jH^  ;  its  tDoleciilar  volume  coinciding 

ith  that  of  elaldehyd,  with  which  indeed   it  is  by  some  cliemist)) 

elieved  to  be  identical.     A  similar  change  of  aldehyd  iiiLo  pur- 

IdchjJ  occimi   wbuii   the  tilduhyd  is  digested  for  some  hours  at 

11;°  iu   a  sealed  tube  with  iodide  of  elhyl  or  with  cyanogen 

(laebeu). 

Alduhyd  nbforbs  sulphurous  acid  with  avidity.  This  appears 
to  be  a  simple  case  of  anlutioii,  as  the  iiuiphiirMUs  lu^id  may  be 
CDtirely  displaced  by  a  currcut  of  carbonic  acid  gas;  but  the 
kldchyd  graduAlty  passes  into  paraldchyit,  which  if  heated  gently 
itUi  dilute  Bolphuric  acid  is  converted  into  ordinary  aldehyd. 

When  aldehyd  is  digested  iu  11  sesk-d  tube  for  »>mc  hours  at 
Ita^  with  a  saturated  solution  of  formiatc  of  soda,  or  of  tartrate 
lof  »oda  and  potash,  it  gradually  loses  the  elcmcata  of  water,  and  a 
I  Mw  componnd  is  formed  ^C.I  l„0,) : — 

The    uature    of    aldehyd  and    its    Isomerides    is  at    preseot 

obIj  impcrfccily  understood;  but  it  hzis  rceciitly  attracted  luucb 

,  attcutiou    oniag   to  its    cloec    relation    to  glycol    and    its   dcriva- 

tiles,  u  well  at  to  the  polyatomic  basefi  of  the  ethylene  series 

[1196). 

(lO^K)  PrrparatioH  (j/"  acet'tc  acid. — The  principal  interest,  bow- 
IfKT,  with  which  aldehyd  is  invented,  arisen  from  the  facility  with 
Jwkidi  it  abeorlM  oxygen,  and  its  consngucnt  councxion  with  the 
Ifrocew  of  acetificatiou.      When  alcohol   is  exjKiaed   to  the  united 
[iafloeuoe  of  atmospheric  nir  and  finely  divided  platinum,  partial 
laiidatioii  occurs, and  aldehyd  i»  produced  in  ahtinduncc  :  owing  to 
'  the   readiness   with   which   aldehyd    abaorlia  oxygen,   an  attempt 
tas  made  to   curry  the    oxidation  a  step  further,  and    thus  to 
frepare  acetic  ncid  on  a  large  smlc  by  this  mctliod.     The  use  of 
(lattnuiQ,  however,  is  it>>w  abandoned,  but  the  niHimfacturc  oi'vine- 
fiu-upua  tliia  principle  ia  etill  extensively  followed.     In  (lertnauj, 
Uid  in  other  coaatriea  vhcre  the  tegislatuie  iinpose«  no  tlul^  uvon 
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alcohol,  dilute  spirit  mixed  vitfa  a  small  ijuantitj  of  infiuioa  of 
malt  id  the  ordinary  material  ctBploycd  in  the  mautiliictun;  of 
vinegar.  ITic  tnoilc  of  pixxcdure  is  iht"  fullotruig  : — I.arp?  vals,  of 
tlie  form   eho«n  at  x,  a,  (tg.  36^,  provideil  nith  a  looaeljr  fitting 

lid,  are  filled  with  dcti  or  hccch 
shuving*,rir«tilritr(l, anil  tliett  soaked 
ill  Btroug  viuuvar  ;  these  nhavi 
rest  i]pon  a  jMrrforated  sbrif  irbi 
IK  RUjipurtud  ju»t  aliovc  tlii  Je' 
of  the  lower  apertures,  c. 
Near  llie  top  of  tlte&e  rats  is 
sliflf  !■/,  ■■/,  iK-rfurulod  nith  a 
titude  of  minute  holes,  th! 
each  of  vhicb  passea  a  jnece 
piioktlircHfl,  knotted  nt  it>  u|i 
end  to  prevent  it  from  ftUii 
Ihrough;  this  arraugeincnt 
intended  to  allow  the  sjnril 
wide  to  be  idovil^  and  equal 
disli-jbtited  over  the  slian 
Through  this  abclf  a  fc*  glasa  tiiljcs  project  to  allow  free  cgrt» 
the  opeiit  H.ir,  and  »t  aljuut  ^nls  of  tliv  ikpth  of  the  omIc  are 
row  of  apertures  c,  e,  to  admit  sir.  A  mixture  cousisttng  of 
part  of  alcohol,  ep.  gr.  0-850,  of  6  parte  of  water,  and  ,«V*th 
hoiiev,  j'l'Ast,  or  wort,  i*  tlicii  allowed  to  trickle  xlewlf  through 
BhaviiigB,  whilst  the  temperature  h  raiaed  to  aliout  80°  F. 

Pure  ililuted  alcohol  does  not  absorb  oxygen  when  exposed 
the  attiioaphcrc;  to  iiidueu  its  oxidation  it  Tequires  the  pn.- 
of  some  vegetable  matter  which  iit  itswlf  proue  to  absorb  oxygen, 
and  it  i»  for  this  rcusuu  that  houey  or  sweet  wort  ia  added. 
Liebig  Miippoecs  that  these  bodies  act  much  in  the  same  way  aa  ycau 
does,  durio^itftdevelopnieut  aiidchange.iu  distiirbiiig  the  chemieil 
rqiiilihrium  of  the  atoms  of  »ugar  in  causing  it  to  ferment.  Tl 
acetification  <loc8  not  proceed  rapidly  luitil  the  process  has 
ia  opcmtion  for  wme  (1ay.t.  By  degrees  a  peculiar  kind  of  fun 
or  slimy  vegetable  mould  is  forrncd  upon  the  Hhaviii{;&,  and  which 
known  under  the  name  of  mother  of  vinegar  i  this  eubstancc  *< 
somewhat  in  iW.  manner  of  n  furmcut,  niid  aoceitimteii  theoxi 
tion,  probably  owing  lo  its  own  tcudeuey  to  ooiubiue  with  oxj-, 
It  is  remarkable  that  the  presence  of  a  vciy  minute  quantity 
any  cmpy  reiimatio  or  tiirry  matter  is  suOicient  entirely  to  pQt  )| 
atop  to  the  traiiarorniation.  As  the  operation  proecods,  the  bi 
ruca  to  about  1 00°  or  105°  ;  at  wVvich  \iCaiU  it  remains  atationn 
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lalrobol   \ua  been  niuU  to  pwm  tlirougli  the  rnt  four  or 

'it»  cuQversiou  'mto  viuegar  is  usiialk  uompk'te.     Wtll- 

il  |]urilittl  (roax  mIiiio  matters  by  hydrochloric  acid, 

-  -'i   r.-iugtily  wiuihadj  may  bv  •ubstituUKi  for  tbi;  Kbaviags 

o!.      lu  tltis  oiic-rutiuu  a  large  surfscQ  is  expufied  to 

Akkbyd  is  fomiPil,  nud  it  immediately  absorbs  oxygen  froDt 

(iwptiem^  being  tbiis  at  uiic«  coarcrted  into  uomiaoa  viutigsr 

3d;— 

*l«uhfll.  AMr^. 

2C.U,0,+0.a7C.U.0,  +  2HA:  ""<» 

a  C^HjOJ-f  O.  =  2  (IIO,C,H,0,V 

rupply  of  ftir  be  iiisufficient,  a  targe  quantity  of  alcohol 
string  to  thu  forauktion  oralilnbyd,  wliicli  from  itsgroat 
otT  ill  vapour  before   it  han   become  oaidineil  iiiul 
|d  into  ncctic  acid. 

ferent  ticws  have  been  takcii  of  the  nature  of  aJdcbyd. 
'  GvrbnnU  i.t  now  geiusrully  atloiitcd;  be  comidered  lliaC 
cle  of  acetic  acid  eoutaiM  oxygon,  rojiresenting  ibia  radicle 
Oy  ojid  he  supimeed  tliat  Iho  other  acids  of  tbc  Mine 
tl    contiun    boinoli^oiiii  oxidized  rntlicle*;   tlio   niclirlc   of 

K,  for  instance,  being  C,HO,,  that  of  butyric  acid  being 
id  so  cm.  The  aldehyde  were  regarded  by  him  as 
r  these  radicles  with  a  tvtiduncy  to  become  oxidized  : 
>  brdrogen  aiid  the  aaaumed  radicle  of  the  acid  becoming 
nimuItaneoiiBly.    Thc«c  relations  may  be  thus  indicated : — 


ftnaii 


C,HO, 


i\utfa. 


Itjrdnud  Mid. 


C,  U,0,.K 
C.  H,0,.H 


HO.C,  H  O^O 
HO.C.  H.O^O 
HO.C,  U,U„0 
HO,C„H|OpO 


Mo  probxbility  in  given  to  this  view  by  the  existence 

lod*  in  wliich  the  two  atouiB  of  Qxyi;en  assumed  to 

*  ftre  preserved  in  the  compounds  derived  from 

It   does  not  admit  the  existence  of  acetous  acid 

)^,  or  of  bodies  homtdogou*  irith  it. 

bdmry  oraldeliyd  to  rapid  oxidation  alTonU  an  expla- 

fuH  that  pNtiiinm  black  always  furnishes  an  acid  pro- 


,  •« 


1  miMn  of  the  oldehyd*  and  of  audg,  appear  to  be  i*o* 
luuuij  rndieks  are  trul^  isoJable.   Freuad  {Litlns't 
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duct  by  its  reaction  on  atcoliot.  AldeHjcl  is  first  fomieil,  1>nt ' 
immediately  undergoes  [Mrtial  oxirlation,  br  wliJch  tt  is  converted 
into  a  mixture  cou»istiiig  cliiefly  uf  itcelit]  and  acetic  ncid.  By  • 
proccM  soDicwIiat  similiiLr,  ircak  fcrDiciitcd,  but  not  distilled  liquons 
frequently  Iwcome  e>oiir  wlicn  cxiiotietl  to  tlie  air  iu  warm  wcatlicr, — 
a  clinnge  which  rornia  the  basis  of  the  usual  metliod  of  prcptuii^ 
wbilv  trine  mid  malt  vinegars;  tlic  mucilagtiious  mid  nlbumiti 
matters  present  in  the  wort  or  Iwor  ubnorb  oxygen,  and 
a  similar  procc8s  of  oxidation  iu  the  alcobol,  in  con»eqiieiioc  i 
wliicli  acetic  acid  i»  formed.  Tliu  more  completely  fcnneiitat 
has  taken  place,  the.  Ie»H  likt^iy  iu  rint^j^ar  to  l>c  formed ;  siB 
during  the  fermeutation,  the  azotised  and  other  matters  iif 
to  further  the  oxidation  of  the  alooholic  portion  arc 
destroyed.  If  much  albunjinons  matter  rcniAin  in  solution  in  I 
nnegnr  aflcr  it  is  foruiud,  tlio  acid  is  ittielf  liable  to  undergo 
further  change:  a  peculiar  mould  or  ftingns  appears  ujiou  11 
surface  of  tbe  hquid,  inid  tliu  neid  is  »low1y  deconijiosed ; 
celliilin  OP  ligneous  tisane  of  the  fungus  being  formed  at  the  cxpeo 
of  the  constituents  of  the  acetic  acid  : — 


Acvlic  Mid, 


Cvllnlln. 


y  (HO.C,H,OJ  =  C,,H,„0„  +  3  HA- 

Thc  formation  of  aldehyd  apjiears  always  to  precede  the  prodi 
of  nnegar,  junt  as  the  traDsforuiation   of  cune  into  grupe  «il 
precedes  the  vinuus  fernieutatiun.     Acetification,  however,  is  not 
true  process  of  fcnnentatioti ;  it  ia  rather  one  of  (gradual  osidatin 
and   differs   from   fermentation    in    the   important   fatit   that 
absorption  of  usygun  is  necessary  during  the  Mhole  course  of  i 
operation  :  i    part  of  alcuhul  rct|uini)g   mora  than    liii  of 
weight  of  oxygen  for  acctificatiou ;  and  if  the  supply  of  oxygen 
irrestcd,  the  further  production  of  acid  is  iminediatcly  stop|x>d. 

(t079)  ^«(«/tCuH,,0.=  2C,H,0,C,H.O,)  Sp.  ^/r.  of  liyt 
0'8ai  J  o/vapomr  4U4;  Bo'iHaff  pt.  321**. — ^This  componnd  was 
corerod  by  Dohereincr  among  the  proditct»  furnished  by  the  <tla 
oxidation  of  alcohol  under  the  ioflueucvof  liuely  divided  platini 

^■iBtfi.  pjTiil,  33)bT  sctinB  upon  britjric  oxyelilorid^  with  aa 
■odium,  lias  tuccifpJed  ia  olilHiiiiu^  bui^'r^l: — 


Bul^lc  oi;f  chlorld*. 


Butpjl. 


/C.H,0,  J  .  Na  ]  _  C.HfO, )   .  ,  N«> 


"WImi  distilled  n  ilh  hydrate  of  pota»h.  butyrvl  y'u-Us  butyrateof] 
Hud  a  Uqiiiiiofan  R;;n-ra)>lefVtiity  odowt.'st^icli  WU  between  ^4^^ 
And  hat  iht  cwaipoBilioa  of  buisrooc  \.<^«^i^>i. 
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wfttcli  glaasc9  containing   [ilaiinum  black   (813)  arc 

ajar,  into  ihe  lower  part  of  wliich  ,1  few  ounces  of  alcohol 

a  iatrodnccil :  the  jar  is  covered  with  a  glass  plate,  and 

frw  days    in  a  temperature  of  about  70",  takirifj  care  to 

^ur  in  the  jar  from  tiini!  to  time.     Ttic  nlvohol  rises  in 

Hvodcrgoes  slow  ox  idatioD,  the  liquid  become*  condensed 

^(Ira  of  thr  jar,  anii  the  prodncts  collect  at  the  bottom. 

lii]md   thus  ubtuined  coii.->i)tt«  ofu   mixture  of  alcohol, 

tie  ctlicr,  and  acclai     It  is  first  rectified  from  car- 

aiid  on  ail<lir>g  clitoride  of  cntciittii  to  the  distillate 

ttT  of  the  »iilt  i»  diumlve<I,  a  layer  of  nntal  is  rfpamtod, 

to  tbe  Borfaoe:  this  is  remoTcd  by  means  of  a  pipette, 

4i  the  cantiouA  addition  of  vatcrto  iheiiolutiou  of  chloride 

n  rniLv-«  the  m.'pnmtion   of  iiu  additional  quantity  of  the 

I'i.      It  is  purified  by  recti^n^  it  from  chloride  of  cal- 

Vurtx  obtains  acetal  abundantly  from  the  crude  (ii^tillate 

in  the   [ireparation  of  uldvhyd  (1077].     The  nldchyil  is 

f  by  distil  latioti,  and  pamca  over  with  the  more  volatile 

iUt  the  acetal  is  separated  from  the  portion  which  distils 

and   2Co°,  by  agitatiug  it  with  potash  to  remove 

ftiid   compound     etJien,    and    then    rectifying  front 

Iciuni,  as  ubuvc  directed.      Acetal  forms  a  coloi)rli»s 

agreeable  characteristic  odour,  and  a  Harour  rcscm- 

kaxel  nuts.      It  is  soluble  in  about  6  pnrtH  of  w&ler, 

lility  diminishes  as  tiic  icmpcraturo  rises:  it  is  soluble 

;iurtiDiis  in  alooliol  and  ether.     At]ucous  solutions  of  the 

f  excluded  from  the  air,  do  not  decoin]>0!*e  aeelal.     (Stait. 

■  je.  III.  six.  151.)     Oxidiziog  agents  trsiisfurm  it 

.:iyd,   and   then  into  acetic   acid.     Acetal  may  be 

combination  of  aldeliyd  with  ethur;  3  molecules  of 

grring  to  the  production  of  i  molecule  ut  acetiU  : — 

Ami.!. 

.^o,+o.  =  a(»c.H,o,i;,ii.o;)+4HA. 

rc?er,  views  it  as  glycol  in  whieb  i  atoms  of  hydro. 

icvd  l>y  3  of  ethyl ;  and  by  distilling  wood  spirit  with 

lese  nnd  snlphnric  ncid   he  has  obtained  a  carre> 

id  in  which  2  etptivulenta  of  methyl  have  taken 

2  of  hydrogen  in  glycol.  Tliis  is  a  liquid  which  boils 

",  of  sp.  gr.  o-8j3,  with  a  rnpour  density  of  3'475- 

Prvpimic  AU/e/iyii  {C^Hfi^) :  Sp.  gr.  of  iigitid  079 ; 
169. — 13ic  aldehyds  nhich  etill  remain  to  he  uoticcdj 
ttvelj  unimportant. 
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Fro|>tonic  aldebyd  waa  {aaad  bjr  Gnckcltwi^r  anton, 
producta  fiirnit^licil  bv  dUtUliiig  albuminous  »u1)»tuiccs  ntUil. 
tare  of  iiul|ili uric  acid  and  pvruxiilc  uf  ni(uiguite*c  (liivbig'* 
Ixiv.  43).  It  paAseo  over  niiiLcd  with  acetic  und  btityric  >! 
as  well  »3  iritb  the  oi)  of  bitter  almond*  (hydride  of 
Propionic  aldebyd  is  a  limpid  liquid  of  an  ethereal  ikIout^ 
Roliiblc  in  vater,  alcoliol,  aud  etiicr,  in  all  j)ro|x>rtioii».  ll] 
between  131''  aud  149°,  aiid  becomes  duwly  acid  when  a: 
tbc  air,  yielding  propioaic  arid. 

(1081}   4.  Buiifnc  Aidehyd  {C^ilfiji   Sji. gr.  tff  li 
obtaiawl  during  the  &anie  proccM  a*  the  foregoing  com 
ia  a  oolourtcsa  liquid  which  is  rcry  sparingly  soltihlc  in 
Is  freely  dissolved  by  alcoliol  »ii<l  ether.      It  has  an  elh< 
gent  odour  aud  a   burning  taste,  and  Ijccumcs  rapidly 
into  butyric  acid  by  exposure  to  the  air.     It  fonns  irith 
the  crystalliue  com)>ouiid  cliariLcteristic  of  the  uldeliycU, 
heated  with  a  aolutiou  of  nitrate  uf  silver,  gireii  a  brill 
of  reduced  metal.     U  boils  between  1^4°  aud  163°. 

Butyral  {Sp.  gr.  of  vapour  j-fi  i ;  of  liquid  ai   7 1°  oi 
the  name  given  by  Cluuioel  to  a  compound  isomeric  with 
going  ixidy,  obtaiocd  by  the  difitillalion  of  dry  butyratc] 
vbcii  cjci)o»ed  to  the  air,  it  absoibs  oxygen  ctitd  licco: 
ooiivortcd  into  butyric  acid.     It,  howurer,  yields  no 
with  ammonia,  and  does  uot  reduce  the  nitrate  of  ailrer. 
(joSi)   j.    ru/m<^W<Ayrf(C^H,oOj);  %  yr.  p/W 
qfvap»ur  i'^i  BuUini/ pt.  20^°. — This  compound  umy 
in  rarioiH  ways.     One  of  the  best  CDU«&t»  iu  oxidizing 
by  means  of  a  mixture  of  sulphuric  acid  niiil  liiohroinAtv  of 
37  parts  of  bichrouiate  of  potasli  di«£olvcd  in   uarm 
placed  in  a  retort,  are  to  be  gradually  mixed  with  49 
of  titriol,  previously  diluted  vitfa  an  equal  bulk  of  wnwrj 
offonsel  oil  are  then  to  l)c  carcfidlj-  uilded  :  the  aide 
over  without  tlio  neeeuity  for  applying  heat     If  the 
^jnixcd  with  a  saturated  solutiou  of  bisulpbitc  of    -  ' 
iitnd  of  bisulphite  of  eoda  nitil  vnluric  iJdchyd  cr;. 
and  may  be  purified  by  recrystalltzatiou   from  alcoliol. 
^crystals  be  niiseil  with  a  eolulioa  of  carbonate  of  pot 

tiled,  valeric  aldcbyd  passe*  over,  aud  iiuiy  be  drird  ' 

of  calcium.     This  aldebyd  is   a  highly  muUlc,  lijupad, 

liquid,  with  a  buniiog  ta«te  aud  a  pucgcut,  pctictr  -     : 

iTAjMJur  tahts  6re  easily.      It  is  iumlulile   in   ym- 
alruhul  and  in  ether.     By  oxidation  it  u  rapidly  can' 
valeric  add. 
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trote  Aldehyd  is  smrvcly  known. 

7.  (Smanlhjlh  At4<:hyd,  or  (Enantkol  (C„n„OJ  :  ^, 
EJ^  o"8i7i  at  fi^":  of  vapour  4'17  ;  Boiliuy  pi.  ulmut 
i»  aldchyii  IN  fiirninbrj  by  the  dc-'^tructivi;  ilisttUutiun  uf 

In  <yrAttr  to  purifjr  llift  crnde  distillate,  it  is  agitated 
whicli  retains  the  volatile  acid*  ;  tlio  oil,  which 
ou  vlundiiig,  IK  HiihmitU:d  to  distillnliuu,  uiid 
»i  \tj  digestiuD  on  chloride  of  calcium.  Water  di&iolvcs 
It  rApidtr  Absorb*  ox/gcu  from  the  air,  and  beooBKi 
into  aiiiinthflic  acid. 

8.  CapryHc  Atdehyd  (C,(H,jO^)  ;  Sp.  ^.  uf  liquid 
iliny  pi.  ^^40°. — This  is  a  powcrfuily  refracting,  coloiir- 

with  in  odotir  of  bnii»Ra,  and  a  burning  ta.'<tc.     It  is 

I  water,  uul  exhibits  very  little  tendency  to  bccomo 
bat  it  ibrms  a  cryetalliuc  compound  with  the  hi»ul[>bite 
aiid  it  reducu  nitrate  of  silrer,  prnlucinf;  a  beantitVil 
dcpoait  of  tlie  metal.     It  i»  e&sily  obtained  by  the  dry 

o(  caprylatr  of  ootla. 
a/yimic  AUiehtfd  has  not  bmn  esamiiied. 
lOk  11,  and  13.  Capric,  Euodic,  atid  Laurie  Atdehifd, 

ib^tanccs  ajipcar  to  be  among  the  coiistitueota  of  oil  of 
hutlt  cOQvidcn'd  that  it  ponsistod  mninly  of  capric  aide- 
}.  WilliaiBfi  appears  to  have  shown  that  euwiic  aldvliyd 
i  ^p- SP^- of  liquid  ori^(f}  ;  0/ rapour  ^^Sy  i  Ftetz'mi/  /it. 
ii.  pi.  4J  j°'4)  i^  its  niort  abundant  oontponcnt.     Hiis  oil 

.e«  bat  risdd  con»Mtcnco  ;  it  pomcstics  the  strong  dis- 
jtlour   of  the   plant,  and   an  acrid,  bitterisli,  noraewhat 

Mte.      Nitrto  aeid  isax*  rapidly  upon  oil  of  rue,  and  fiir- 

rcat  praducla  aceonltng  to  the  di^rec  of  concentration 
d  ;  1>r  till'  prolonged  aclioa   of  the  concentmted  acid, 

kc)d  (1]U,C,h1IpU,),  and  the  lower  homologucs  of  the 
laila  to  wliich  it  bcloopi  ore  obtained  ;  by  tnoderatiug  the 
llto  uitric  acid,  capric  add  (HO,Cj„H|gOj)   is  procured. 

rue  dues  not  abwrb  oxygen  ^'cry  rapidly,  nor  i»  it  easily 

rhen  heated  with  hydrate  of  potaali  into  the  caprutv  of 
;  Irat  it  combines  reailily  with  the  alkaline  bisulphites, 
with  them  cry^lullisiMblo  compounda  which  correspond 
binned  with  ilic  other  aldchyds. 

(A)    The  Ketonet,  or  Acelmet. 

<  conatitate  a  clasa  of  compounds  closdy 
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Wben  tlic  lime  or  barjrta  salt  of  ui^  of  tlio  voUtilo 
uornuil  hj'drates  of  wliicli  contaia  4  etjiurolvnU  of  osj 
Kulimittcd  to  dry  dibtillfttion,  the  ticid  iiDtlergocs  deaamf 
ami  amongst  tbc  Tolntilc  {>ro(liict»  which  copic  over,  b 
wbich  hu  lieen  termed  the  ketone  of  the  auid :  t!ie 
wbioh  i*  funiiod  bears  the  same  relntioD  to  the  aciil  tna 
it  is  obtninol  that  acetone  doCB  to  uetic  acid. 

Tho  general   properties  of  thii  class  of  eoni)x>iind» 
ilhutrated  by  a  description  of  acetone,  which  has 
with  care. 

(1087)  Actione  {C^Mfij):  Sp.  j/r.  0/ Hqtdd  tyj^i; 
I'OOI ;  BoUinff  pt.  133*. — When  acetate  of  lime  is  mii«d 
txccM  of  ijaicklimc,  and  sulimitted  to  distillation,  2 
of  ooelic  acid  lose  2  equiralents  of  carbonic  add,  aiid  a 
inflammable  liquid  passes  over,  to  vhich  the  rormula  C^i 
been  assigned : — 


Am(M*  eCUnk. 


Ckffr.(rfliit». 


Aertma 


a  (CbO.C.HjOj,)  =  2CaO,C,0,+C.H,0,. 

^Vlien  the  vapours  of  acetic  acid  arc  traoftnttttod  tk 
heated  jtorcclaio  tube  tbey  are  rcttoUed  into  ntxtouc,  carlMi 
and  water;  1  C^H,0,=  C,0,+  H,Os  +  C,H,03;  butabetl 
uf  |ircpnring  acetone  titan  cither  of  the  foregoing  onc-4  M 
diBitUing  crj'vtnllizcd  aci;tate  of  leail,  with  half  ite  woj{ht 
Uuie. 

Acetone  ifl  a  colourlefis  liquid,  with  an  agreeable  rtlii 
feml  a  puugrnt  tii>tc.      Whon   huitcd  it  gives  off  an  ini 
ti^^iMtr,  nhich  bums  with  a  clear  white  flume.      When 
h^iilrulo  of  iiotii*h,  it  yields  at  a  nioderatL'  icniiM-ratu 
hiviiiU'  bimI  foriiiittte  of  potash,  with  liberation  of  li_^ 


WvmlMtar  I 


i;i|,tl,fa(K0.HO)+H,O,=  K0.C,H,0j,+Ku.L-,HO,. 
•\%  a  ktgber  (emperaturc  carbonate  of  potash  and 


M4mh| 


Cwti,  PMMh 

t;n.o,f  J  (KO.HO)  =  rKb.c,o^+3' 

V^vrtKamU  and  Chancel  consider  acetone  as  a  s|)ccicai 
Mi  atuiii  of  h.vdrugeu  ia  iluptaced  bjr  Ua  e^R 


•'i»totJieln»«-* r.«.-«.-.-^— 

,v.-«v^  ^v,li,0,HO)wbiob  u.  --  _ 


Tlir.  KKTONKR   OK  ACETONES. 

ijiie  ftldvbva  C.HjO;,  II,  bcing^  hydride  of  neelyt,  and 
being     C^HjO,.  CjH„,  or  methyKde  of  acelyt. 

meniblc  ttie  aldehyds  iu    their  power  of  formiug 
iltiiK)  eompouiitU  nilli  tlu;  bmulpliitcs  uf  pota^U  aud  skhIh. 

view  which  is  adit(jted  for  acetone  woulil  Ijc  cstcmlcd  to  the 
'memlwrs  of  this  group,  irhicli  are  all  homologouii  with  it 
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—  C,  H,  O,,  or  Cj  n,0„  C,H„  mcthylidc  of  acetyl 
Cg  II^O.,,  C,n,j  DtKjIidc  of  pro|Hoi>)l 


!=  C,.II„0^., 


C,  II.O,.  C,Hj,  tritylide  of  butyryl 


■=  ^vMu^t,  „  C,„li,0„  C^ll^  tctrylidc  of  valcryl. 

he  cxpvrimeDt*  of  Williamson  appear  (o  show  that  a  serii 
It  kotoviet  may  hr.  formed,  by  ilislilling  mixLnreH  of  equi-' 

[qaaiiliticd  of  the  homologous  silts  of  lime;  forL-xamiilv  :  by 
.  mi\t  urc  of  acclittc  and  valerate  of  Itmc  in  equivalent  pi 
B,  tbo  compound  C,^II„Oij  (  =  C,uHyOpC,n5)  is  formed  :— 

AMC«M*riin*.    TibnunrSiM      MtHyliitorfttlmt.      CMKlhw. 
CMI.C  JI»0,+CoO.C,.n,0,  =  'C„  H  ,O..C,H,+  J  CaO.CjO.. 

eund  lias  bI^o  anoceoilcd  \a  obtaining  acetone  and  propione 
lically,  by  decomposing  chloride  of  acetyl  by  means  of  zinc- 
mod  Binc-ctbyl;  tba« — 


C-T-)-c%.}.' 


/■C^H.O.J   .,2d1 


it,  in  panning  tliia  subject,  found  that  by  mixing 
limi;  in  «iuivalcnt  proportion  with  acotatc  of  limu,  villi 
(of  licuc,  with  ccnaiitbylatcof  iimtr.or  with  caprylalcof  lime, 
illing, — the  oorresponding  aldohyda,  viji,,  afletic,  valerii^B 
■**:  and  caprylic  aldchyds,  were  formed:   the  foruiiute  of 
OtKtilled,  yieldifig  hydrugco  instead  of  C^llj,  rh  in  Wil- 
B*»  aperinicut  i — 

IHuf.      AMtMalnM.  AUfbjil.  Carti.  fimf. 


IVU- 


r  alcohol.  By  ctirtillinz  it  with  aiilphuTir  acid  he  obtained  a 
I  Um>  eooipoBiCion  0,11,0.  nhicli  mrrrtponila  to  tlve  ctlierof 
-,  ■  L  ,  ric  witlx  ullyliorther.  He  alio produopd other 
i.'  and  .'Iiliiri'ln  of  ethyl.  Acotonr  fomu  wilii 
I  (J  H0,C,H,,0,8,0,).  But  this  iulpho-ncid  » 
•,c^(\»  ;  morcovrr.  oorumr  oauuoc  he  riwoTercd 
!  b;  the  hydraled  stkalicit;  whilm nil  tlip tri 
ri^m  lhi<  rinio  ■ulpbo-aoid*  vbeu  tbey  are  dctor 
. jlkalitw. 
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The  roUoiriug  results  obtained  by  Siaiddcr  from  acctd^j 

rfff  CAimie,  111.  xlii.  22$)   have  tcuiled  to  confirm  tho* « 

Chlorine   fornis  witb    occtunc  various    subntitiitii 

moot  remarliable  of  vbicli  m  one  in  vhich  five  aiu.  --      ^_ 

arediypUced  by  five  of  chlorine ;  acoui]>ouQd,  C^HCltOplH 

to  chloral  is  thus  formed;  it  hiw  a  sp.  gr.  of  from  16  to  ■ 

not  »)lidified  by  a  cold  of  — 4°,  and  it  boila  at  atjout  574^ 

body  has  tlie  pro]>ertyof  corobiiiiugiritb  eigbtcquivalenUDfi 

vitb  wliicb  it  forms  a  soluble  cr^tallitablo  substance  SBaHri 

bydrnte  of  chloral.  B 

Acetone  vbeii  saturated  vitb  ga»eou3  ammouia  yieIdH 

Lirhicb  reduces  the  salts  of  silver,  in  a  muntiiT  viitnilar  lOJ 

'•responding  mixture  with  alitehyd.     If  this  aoetooic  sofl 

ammotiia  be  lell  tu  itself  for  mme  time,  it  ja  apoutiiuooua 

U£>m>cd  into  a  new  bast-,  acelouine  or aceltfnia  (C|,H,,Vj);H 

rcatne  chntige  ia  cifrctcd  more  rapidly  by  exposing  the  nufl 

soute  boun)  in  a  cealed  tube  to  a  heat  of  aia**.     T)ie  ded 

tion  by  which  it  ts  formiHl,  is  simiUr  to  that  by  which  bc^| 

produced  from  the  oil  of  bitter  almonds  (l  198)  : —  J 

b  3C,II,0,+  aH,N  =  C„U,,N,+3  H,0,.       I 

P        Acctonia  is  a  colourleM  alkaline  bqaid.  of  a  peculiiM 

odour,  mid  a  burning  ta^te.      It  is  readily  soluble  in  huUt.v 

and  etlicr.      Hydroohloratc  of  occtoiiia   forms  with  bichlm 

plfltiimm,  an  orangc-yellow,  crrslalline  donhle  salt  (C,gH_^ 

PlClg),     The  hiiioMiIate  (HO,C„H,^NpJlO,C.O,+  2Aq)jH 

ia  alcohol,  mid  cryntallixcm  rciidily  frotn  this  sulutioii.       S 

An^toiic  may  also  \ie  made  to  furnieb  an  acid  homolaM 

tbe  lactic.     Tlii»  con)()ound,  termed  atxlonic  acid  (UOfl 

1  may   be   obtained   by   Iteuting  a    mixture  of  acptoue  >i^| 

I  eyaoic  acid  mitli  hydrocbluric  acid,  when  the  folloviuH 

occurs : —  ■ 

Aci'toiiic  acid  crystallize*  in  prisms;  it  haa  a  scnr  t«i^| 
fn<fly  lolublo  iu  water,  io  alrohol.and  iu  ctber.  It  IbrqH 
I  I        ibe  actionate  0/  sine  (ZaQ,C,H.O,  + lAj 

L.,_'     .,  luhlt'.      Tbe  liaryta  salt  i»  soluble  in  alwibul^l 

The  Attcinfit  to  procure  a  base  huDiolugoita  with  gly^| 
I  '  '    tlie  action  of  bydrocynaic  add  upon  W^| 


!(ivi!(&liL(i  that  eocb  or  tlie  other  kctoiice  woQld  yield  com- 
:^m  to    tbmc  wlitch    Stu^dclcr  has  procured  from 
il4ch  oF  the  ketones  is  melaaieric  with  a  corrcspoudtiig 
If  HiriBa  of  true  sldchf  d« ;  for  csnniiilc ; — 

Annooe   =      C,  H,  Oj      =      Propionic  BldeJij^d. 
Propione  =     C,„Hj„0,     =     Valeric  aldohjd. 
Butjn3tie=      C„IinOj      =      Ulnauthylic  aldehyd. 

rtfnl  oxidation,  Si»deler  succeeded   ia  converting  acetone 

ropiouic  acid. 

tormniiou  of  krtones  lian  slito  been  observed  in  tie  case 
tal  moQoba&ic  adds  vihicU  du  not  liuloogto  thcacrica  of  tlic 
Uft.  Beoioic  acid,  for  cxaniple,  u  decompocwd  in  the  fol- 
nanocT.' — 

nnuMM  (if  ttn*.  BHiuar.  OatV  cf  bis. 

■  \-'  -liirts  of  the  distillation  of  the  lime  salts  of  the  dibasic 
:b  SA  the  sulieric  acid,  do  not  frill  stmtJy  into  the  claw*  of 
The  sulntfliicc  termed  suberone,  for  astitDcc,  consists  of 
3^  iovtcad  of  C„H ,,0,. 

ill  be  useful  here,  before  puHsinj;  to  the  cousidcritttoii  of 
etftl  elaB«  of  acids  produced  hj  the  oxidatiou  of  the  aldeliyds 
er  briefly  the  gerieraJ  properties  of  the  organic  acids,  a^  8 
^Apome  of  the  more  important  groups  of  derivatives  froia 

U  H.   Gexeuj,  Behaaks  ok  the  Obgamc  Acids. 

pBS)  TtiK  Okcamic  Aeins  oon»titiit«  an  extreniel}' numcroti!* 
pnrtaal  dan  of  campnunds ;  but  m:iny  of  them  arc  so  iii> 
|p  related  to  a  Inrge  number  of  other  wcU-delineil  natural 
■bat  it  would  be  far  fJrom  Mlvaulagi-oiiit  to  di-tncb  each 
^Blbe  ^mnp  lo  vhtch  it  prop«'r}y  belongs,  (or  the  sake  of 
^K  it  «ith  other  Ixxlies  to  which,  often,  it  may  bear  little 
^^ix  «BTe  iu  the  circunwtnucc  that,  like  them,  it  pofsesae* 
^^t  of  forming  salts  with  base-s.  Accordingly,  some  of 
^■ea  have  already  been  described  iu  the  previona  sections. 
^BT  sFemcd  to  be  natiirnlly  conncctcsl  with  the  compounds 
^■kqtiniittoa  ;  and,  although  it  will  be  convenient  to  asao* 
^B-  rtain  of  the  acids  In  the  pre»eut  chapter,  the  con- 

^v  .  r»  nill  be  postjWRcd  until  ibc  substuucos  to  which 

^k  :  .irly  olhed  pOM  uiulcr  review. 

^^tocBt  no  organic  alkali  is  kuown,  iulo  the  composition 
^BRtTVgta  doc9  not  cuter;  so  that  if  it  be  ascertained  that 
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nitrogen  is  ab»ent  from  any  particular  coTOpoond,  it  may  at  odc« 
be  concluded  that  the  body  in  qucetion  cannot  liclung  to  the  cloml 
of  organic  Imm^  ;  hut  there  in  no  elementary  substance  with  tbe 
prcteuce  of  nliich  Ihn  acid  character  caii  be  thus  specifically  con. 
ucctcd :  and  no  general  law  of  compoeitiou  has  hitherto  bccu  i 
arrived  at,  by  which  it  i»  ruiMlercd  [>uuible  from  a  Itiiowlcdge  of 
the  ciupiricul  fwiDula  uf  u  Kuligtaucc,  to  ^ircdict  that  it  will  or  ' 
Dot  possess  the  properties  of  an  acid. 

(1089)   Mo'Ufliasic  and  PulyhiUiic   Acidt. — Tlic  organic 
may  be  auhdividi^d  into  monobasic  and  polybasic  (1099) ;  tbe 
portant  group  derived  from  the  monobasic  alcohols  by  oxidi 
furiiinhiug  n  goud  illiiM trillion  uf  thu  nu>»obasic  acid*  ;  wliiUt 
of  tlic  more  important  ami  widely  difl'usedTCgetable  acids,  ancbi 
the  citric,  the  tai-taric,  and  the  malic,  afford  ciamplcH  of  the  pol]'> 
basic  clnsM,  aad  have  been  trociMl  to  the  polyhiLtic  nlcohoU, 

The  following  table  may  serve  to  illustrate  the  connesienj 

severs!  of  tlie  most  iuterestiug  groups  of  adds,  and  of  thnr 

tion  to  ibc  alcohol  groups  : — 

Acidt: 


Aicshola. 


UoBobulE . 


BAtAt!. 


Tnhirie. 


Uooateoiia 
{3> 


B 


0, 


tV«.«-iOi  j  o. 


Wood  tpirii. 


JUnnbal. 


Formte. 


t;.«o.|(,, 


AiMir. 


Propionic. 


«•£»**•  )o, 


Oistemio. 


(») 


3;  1 0.0) 


M 


^^^fo. 


C«.H.'-Ajo^   0.,HpO.|^^ 


0\)«t.\. 


u. 


Cjj, 
Tritrigtr«<^. 

TorrlsIrroL 


GljrtoUn 


LMIic. 


Oulle. 

Ualmnioir] 


i".     "-'^"-M 
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^^^^^^^^^^Hbi^"^ 

■mabvaff. 

Dib*^. 

TriinMC- 

C.R.-AJO, 

«M^-*0*JOi 

1 

C.H.O.     ^^ 

■ 

C„H,-  ,0,    Q^ 

c.-«^-.o*   0, 

H 

SwUrie. 

CHAJo. 

■  ^V^.-.   o„ 

*'-g'-°-!o.. 

^.-«r.-.0.    0„ 

'-Sp-**')o., 

flMtlMir. 

^f  ■     «.. 

*napta  bare  1)ccn  made,  -vtitliout  succcm,  to  account 

Ifbssic  or  muiiobaniv  cliiu^cter  of  the  acidw  from  tbcir 

Kekule  lias  offered  ilic  following  ingenious  siiggea- 

tfais  subject.     AoooHing  to  this  clinniist, — i.  OodiCfl 

inatomic  or  polyatomic,  wliicli  arc  formeil  npon  the  type 

f.  which  are  of  tl>e  form  x  ..rO^,  which  uoutaiu  onljr 

hydrogen    mi    tlie   radicle   tluit    displaces  tbe   tjpical 
I  ID  tbe  molecule,  belong  to  tlic  class  of  alcohols,  as  for 


BI/*aL 


Qlr«>ta. 


H.1o        .       (C.IIJ">  .      (C.HO"'>o 


bodic*  wliidi  in  addition  to  carliotij  or  to  carbou  and 
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hydrogen,  contain  2  atoms  of  oxygen  hi  tlw  displacing  nil 
constitute  well  defined  nioiiobasic*  acids ;  fur  cxaoii)le : — 

lewie  add.  LaclU  tBid.  Oljcaric%cid. 

H      j""       • 

They  allow  one  atom  onlyoi  the  typical  hydrogen  in  the  mole 
to  be  displaced  readily  by  n  mctKl. 

3.  TJiosc  compounds,  which  contain  4  atoms  of  oxygeain 
diitplaciujj:  ^adicll^,  coitHtitiite  dibasic  acids,  nlictherthry  contain j 
6  or  8  atoms  of  oxygen  external  to  the  rndidc,  lu  for  exam^ 


H,     ]    *       '  H,     j^o      '  H.     )"» 

Tlie  basicity  of  the  acid,  therefore,  tipon  this  view  depend*,  1 
npon  the  molecular  eonstitution  of  the  compound, — fiw  in  tbei 
of  the  three  acids  Inst  citvd,  tli«  fir«t  is  diatomic,  the  second 
toniic,  aud  the  third  tetratomie, — hut  on  the  amount  of  osygea  I 
the  radicle. 

(lotjo)  SimjikfOHd  compouJid or  coUigated  acidt. — Tticor 
acids  may  further  he  regarded  as  belongiDg  to  one  or  other  of  I 
followin);  classes:— 

a.  Hydrated  oxides  q/*  organic  radicle*,  and  acids  derived 
them  bv  subslitiitioo. 

■ 

b.  Compound  or  colUgaled  arids. 

(fl)  ilydrated  Oxides  of  Organic  Radicles, — Examples  of 
class  occur  in  cyanic  add  [HO,(CjN)0]  and  in  the  wrica  of  vol 
fatty  acids  (i  103],  the  6r!it  member  of  irhich  i»  formic  arid  () 
C,HO,)  tbe  lust  as  yet  discovea-d  is  the  mciissii!  iltO.C^ 
The  fatty  acids  may  be  viewed  as  hjdiatcd  oxides  of  a  codi| 
radicle  of  the  form  (Cj,IIj,_^0() ;  the  radiele  of  formie 
being  C.,HO..,  tbat  «(  ace'ic  acid  C^H^O^,  and  bo  on.  Anc 
group  which  falls  under  this  aubdivisioti,  is  that  represented 
the  general  formula  [HO,(Cj,H,,_,Oj)0],  which  has  beea  chi 
terized  aa  the  group  of  aromatic  acids,  and  of  which  benzoic 
is  the  type. 

(b)  Compound  Acids. — These  nctds  consist  of  an  organic  cal 
pound,  which  may  be  cither  acid  or  neutral  in  character,  nnit 
with  Bu  acid  either  of  inorganic  or  organic  on[;i»,  tbe  proper 


*  It  U  obtioui  tliat  thii  ttatement  is  not  unirenally  trae.   Cajbonic  1 

c  o  i 

wbich  in  oombinstion  with  potash  may  be  rcpreseulei)  as    V'  f  O,  i> 
fuslly  ilibasic,  thougti  it  ought  to  W  monobasic  by  tba  foregoui{{  role. 


of  wtiicfa  arc  modified)  These  com})outid  acids  may  \)(i  nulidiTidcil 
toto  two  groups,  in  tlie  6nt  of  which  the  saturating  power  of  the 
oombiiiitig  Bc-id  is  not  Rlfectcd,  while  iu  the  secoud  it  is  more  or 
dirainisbcd. 

I.  Oampeund  deiJj  fa  which  the  capacity  of  aattiralioH  of  the 
tU  it  vnehangtd. — An  OKcrllciit  instance  of  this  class  is 
in  the  case  of  formoljcnzoylic  ncid  (]IO,C,110,  +  C,,HjO,). 
iiB  compound  ccmsiata  of  a  combination  of  formic  acid  with  the  oit 
of  hitt«r  nlmonil*  )  the  new  acid  thus  formed  poasessea  s  Baturatin;; 
power  exactly  projiortioncd  to  the  quantity  of  fbnnic  ncid  which  it 
cnntains.  Acetonic  aciil  (HO,CjHOg,CgHgOJ  )«  niiotlier  example 
of  the  'tAtab  kind,  consisting  of  formic  acid  imited  with  acetone 

Kil^  coUigatt.  or  asMxrinted  organic  compound. 
a.  Compound  ucidt  of  dimihiJiked  basic  power.— Sulp/io-acids. — 
amerous  instanccB  of  this  kind  occur  in  the  colli^t^d  sulphuric 
id»,  such  u  the  aulphcthylic  (I10,C,lIjO,S,Og),  and  sulpho- 
glyceric  acid  (IIO,C,H.0{,S,Oe) ;  in  Clicso  uucs  the  Hulpburic 
aiHd  and  the  organic  group  in  entering  intocombiimtion,  part  with 
a  oertaiii  aumbcr  of  ntoina  of  wntcr  ;  the  loss  of  biiKic  power  in 
tDOst  instances  oorrusponding  to  the  number  of  atoms  of  water 
wiiieh  are  displaced  from  the  .lulphuric  acid  when  the  latter  is 
vluoatcd  in  tho  form  of  the  normal  hydrate. 

The  formaljoaof  the  rinic  acids  from  the  alcohols  (984  rJ  neq.), 

nava  one  mode  in  which  these  hmlic!*  are  prodtic(;»!,  hut  this  series 

reompoands  constitutes  but  a  aiaglc  subdivision  of  the  collij^atcd 

dpt»-<cid!>,  whidi   recent    rcwarches   have  proved    to  be  very 

punerous. 

I.  When  sulphuric  auliydride  is  brought  into  contact  with  one  of 

Donnal  or  mouohydrated   moiiobastc  organic  acids,  whilst  the 

tare    is    kept  cool  artittcially,  each  molecule  (S,OJ    of  the 

kydride  generally  comhiuen  with  one  of  the  orgauic  acid,  aud  a 

(ihuic  acid  is  the  rcatUt.      For  example  : — ■ 


iio,c,n,Oj+SjO,  =  2  Ho.c^iijSjOg. 

Tbc  following  «cid»  belong  to  this  claw  : — 

Aceto-sulphuric  acid  .  3  H0,CjItg5|0^ 

Propio-aulphurJc  acid  .  .  z  HO,C,  H.SjO^ 

Batyro-Milphuric  acid  .  .  2  HO,C^  ^Ib^j*^* 

Beoxo-sulphurlc  scid  .  .  1  IIO,C,,HjSjOg. 

Tbo  «me  compoondB  may  be  formed  by  beating  the  amtden 


810 


COUVDL'MD    ACIDS — S01.FHO-ACID&. 


or  aitrilcd  of  tlic  series  with  fumiug  sulphuric  acid.     TliaSfpnad 
uitrile  yidda  propiosalphunc  acid : —  ^^M 

tfofaorOtT^.  Profdooilptarlo  aM.    )MfHii»  of  AsMVH 

aC^^+i B,0,-f  3  (a HO.S^O^  =  i (a  H0.CJI,S,6,)+a BJiO.B,0,r 

and  butvramiile  by  similar  treatuieut  furoLshes  bntfr(Ma]|ihuiie 
acid: —  I 

BalrrwnlV.  Buiyru-<ul)th«ria  Hid.     gglptjto  rfiimaf  h^  ■ 

1.  But  if  tlic  mixture  he  bcatul,  iu  oilditiou  to  tlie«e  auJjillI 
acids,  a  sccntid  »erics  of  «cid»  is  formed,  (erracd  by  KofiQami  ad 
Bucktou  {Phil.  TVoiur.,  iii^6]  itirulpfio-ucids.  The  renction  «bia 
occurs  is  uttciulcd  uilh  tlic  evolution  of  carbonic  acid  ;  and  a  cod 
pound  is  jiroduced  uhicli  belongs  to  tlie  series  imincdiateljr  bckn 
ihftt  of  the  uilrilc  at-tod  upon  ;  for  ciample :—  I 

loHnnitrilf.  [>i*utphi)in»tbollc  Hid.  B>lpt.>— M.    1 

3  CJI^+5  (a  nO.S,0^  =  J  (jH0.C,H«3AJ+-a  C,0,+  a  n.NOAO.J 

rr>i|1l>inlOtlr.  IHnilpbiiUuitlD  anliL  M 

a  6^+5  (i  H0.3,0,>  =  a  (/HO.C.H.S^J+i  0,0.+ j  H.NO.S.O^I 

Tn  tbia  miuiner  tlicy  obtaiucd  tlie  lirst  four  terniR  of  the  folkrvifl 
series;  aud  by  treating  auiline  in  a  similar  naauner  they  also  obtailM 
a  di»ulpho-a(-id  from  it.  The  first  compound  upon  thi«  list  in  idcq 
lical  with  Licbig's  melhionic  acid ;  the  dieulpho-uupbthalic  odj 
was  discovered  previously  by  BenelJus  : —  ■ 

Disulpbomctholic  acid  .  2  UO,C.  njSp,„,  or  C,  II,  a  3,0, 

Disulphelholic  acid    .  .  a  HO.C'^  H^S^O,^  or  C,  H,  2  S,0, 

Distil pbotritolic  acid  .  .  %  HO.C,  UbS.O,^  or  C,  U,  2  3,0^ 

Disulphobeniolic  acid  .  a  HOjCijHjS.O,^  or  C„TI,  a  S,0,  i 

Digulphonaplitlialic  add  .  a  HO,CjjHjS,Oj^  or  Cj^H^  2  ^pA 
DisulphanUic  nciii.     .      a  HO,(;,jHjNSjO,^  or  C„H,N  a  s3 

Irn-spcctivc  of  any  theoretical  view  of  the  molecular  compoa 
tioti  of  tlin  first  four  of  the»c  bodicK,  it  is  clear  that  tbcy  coDtii 
the  elemeuts  of  j  molecule  of  a  hydrocarbon  oorrcsponditig  to  mail 
gaa,  with  a  of  s^dphuric  anhydridi^  {^■f^^}  i  '^"  '"  represented  1 
the  second  i^crios  of  formultc  contained  in  the  table.  I 

3.  There  can  he  no  doubt  of  the  possibility  of  forming  a  mooD 
basic  scries  of  siilpho-ftclilf  corrwiioiiiUtig  to  these,  in  nliicb  tij 
hydrocarbon  has  been  acted  upon  by  i  instead  of  by  3  molecuH 
of  sulphuric  anhydride.  The»e  oonipouiids  would  have  the  folkl 
ing  composition  ;  but  at  present  only  two  of  them, — vis.,  solpH 
betixaiic  aad  suljihnnilic  acid,  bave  actually  been  obtaioed  : —     j 
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Iiolic  ncid .  . 

itolic  BcicI  . 

:?azo)ic  Bcid  . 

pbaailic  acid    .  . 


.  nO.C^  H.S.Oj  or  C^  H,S.O„ 
.  HO,C.!LSAorC,H,S,0, 
.  nO,C,,H,S,0.  or  C^H.S,0„ 
.  UO,C„IIjNSjO(  or  CijH^NSjOp 

n  of  tlit»8  Bulplio-acids  niaj  be  oblnined  by  ttic  direct 

lulpburic  aritijrdrid);  upon  the  hydrocarbous  : — For  cx- 

olcfiaiit  gas  is  subjucud  to  th«  action  of  the  nuby- 

a  compouiKl  which  Magnus  termed  sMiphaie  ofcarbgle 

body,   wbco    trontod   witb    wntvr,  fomie   ctbiooic   or 

fBe  acid.      This  body  is  on<^   of  the  temiH  of  a  new 

tkal^tbo-acids,  which  might  probably  be  formed  by  sub* 

otl»cr  liydrocurbous  homologous  with  olcfiont  gaa,  to 

tment. 

ordinary  vinic  acids  (984.)  constitute  tlie  aeries  of  sulpbo- 

uccd  by   the  rcnctioo  of  i  tnolcculc  (SjOj)  of  sulpbunc 

npOQ  the  alcohol,  whiUt  rthioiiic  ncid  i* on«  of  tlie  cnrre- 

^{jho-acids  produced  by  the  action  of  2  molecules  of  muI- 

nn^dridciipOQCBcb  molecule  of  the  alcohol.  Thus  it  tipiicare 

Ik  alcohol   uuy  he    made  to   furnixh   nt   ItMutt  4  <liil<?ri-itt 

Wa,  two  of  which  are  monobaiiic  aud  two  dibustc ;  typilied 

Bowiof  acids  of  the  olhylic  series : — 

fealphctholic  acid    ....  HO,C,H(S,0( 

fcisulpbetholic  add      ...  3  HO,C,H^S,0,o 

pulpbetl.ylif  acid    ...      .  HO,C,HjS;Oj 

Kthiciuic  (dttulphethytic)  acid  2  UU,C,ll«S^O„ 

Lin  aud  Bticklou  conclude,  as  the  general  result  of 
mt  investigation  of  the  sulpbo-aeids  [Proceed.  Hot/.  Soc. 
[-—That  nil  organic  molecules,  particularly  ia  thu  noMiout 
Bcar  Ui  be  capable  of  assimilating  tite  elemeiita  either 
mt  a  molecules  of  sulphuric  auhydridc.  The  formation 
^^proBpa  of  ucids  which  arc  ihiia  prodiircd,  prfsciits  a 
■S*T  with  the  prodiiclioii  of  the  uitna-oubatitutcs  gcne- 
pr  the  influence  of  nitric  acid.  All  thc^c  oompoiinda 
ptcd  with  the  elimination  of  water.*  In  the  Brtioii  of 
ft  tuad  ralpUiiric  acid  upon  bcnxol,  for  instunce,  wc  hare : — 

^,^-         HO,N0,    =  C„HjX  6.  +    11,0,; 

Kbc*.  hnwf^vr,  td  tba  Mm  in  wUich  it  is  supposed  tlut  lh«  rMctlon 

^im .  "     I  r'  ritriol  or  iifJrattiJ  ftulpburic  acid  and   iho  ori^Bnia 

•at)  a  ^*  ^mifUrfl/e  1*  oaedf   m  tbv    ojualioDS  wbieU 


AITftO- ACIDS. 


nnilnlMiHl. 

.•11  U0,S,0,1  =  iIIO,C,,»,S,0,„+  2  H,0^ 

«if  mine  acid  upon  or^g&nic   bodies  is  by  no. 
9  tfe  production  ur   nitro-cotD]>otit](U  coire&pai 
wed  diaitro-bcniiul ;  frcquentljr  lulditiooal  saAi| 
vitb  dimination  of  sii,  eight,  and  in  a  Anr  | 
•ca  atoms  of  wiih-r.      Hitlicrto,  however,  Dotni^ 
~k_  «uacr«ed  in  vhich  the  aaaimilation  of  uilpbutic  M 
Oma  in  the  disulplio-acids.  i 

,— ^icu  nitric   acid   tinitca  with  aa  orgim 
"ntiwt  wbidi   is   formed    it   gciurall}-  oue  wtiicki 
MStple  proons  of  sulistitutiou.     Tbe  chaoge  ii 
tfae  aeparatioa  of  water :  no  api^areat  i]< 
b«Mr  cases,  but  tlie  tuituratitig  powrr  of  the  nim^ 
3«il  trr  tbe  uitrogCD  aiii)  oivgcii  wliicb  ham  eoi 
-MtMo.     Tbe  uitric  acid  ia  reabiy  lua  bees 
--:   atom   of  hydragcu   lias    bccD    rcmorcd 
lud  iis  pUce  has  been  mpjilic^d  \iy  ad  cqtir 
trogcti.     For  example,  vhcn  benzoic  add 
oua,-  acid,  tlic  cliaoge  wliicb  oocun  is  tbe  fotli 


t 


1 


-     li.O,  +  H0,^0,  =  IIO,C„Ii4,NO„0,-m,< 

ifte  utro-acida  obtained  in  tliis  mauoef  are  f 
mkxh  hare  a  yellow  colour  ;  ttiG*c  satt^  ge: 
tfeetooatc,  vboQ  they  are  cxpooed  to  beat ; 
valukoiic  acid  aod  peroxide  of  Dian^*iice« 
fttina.     A  few  uf  the  best  knonu  of  these 
below:— 

OaJtroplieuicacid     .     .     .  HO,r,  "    ^^ ' 

^Bjliao{ih<uic  (carbasotic)  .  IlO.t 

^itoabMUoic lIO,C,.il,iN 

)|^»nhctu»ic     ...  HO.r   '■    ': 

Xawianamic      ....  IIO.C 

ylic I!  ); 

Ho.i  ,^ii,'.>t), 


^1  af  Ileal  vymn  Dw  Orfoittc    ^a4r.< 
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'tfao  mooobssic  vegetable  acida,  the  noriual  Iiyclnttc*  of 
UnlAiu  4  or  ri  atoms  of  oxitgcn,  mny  be  voUtilizixl  wilhout 
t^^itiot)  ;  but  the  greater  mmilN--r  of  the  more  complicated 
ic  oi^^nic  actiU  arc  decomposed  by  the  applicatiou  of  hiiit. 
■  tbem  give  riae  to  aridH  of  Himplrr  conipositiou,  wliicli  are 

by  the  al;atnictioD  of  the  ek-tuvuts  of  water ;  or  by  tlie 
1  of  the  clemeutA  of  carbonic  acid  ;  or  b/  the  1o«s  of 
Met  mid  eartioDK  acid.  Sevprat  of  these  iieiv  acids  are 
\ ;  olhors  uiitlci^  ooniplvtc  dc<ioin[)osi(ioii  if  subjected   to  a 

temperature  than  that  at  which  they  were  formed : — For 
dtric  acid  by   losing  the  elements  of  water  furuishes 

emit  wliL  AoMilIlc  leld. 

,  4  higher  temperatun;  Aconitic  loec4  carbonic  acid  ; 


'sotion  of  a  ^ndaally  incrcMing^  t«m|>cratiirc  upon  tartaric 
i  f- — rkable  : — this  ucid  undergoes  Hcvcral  different  staga  of 
.  and   then  Io«cs  carbonic  aciti,  iii   the  manner  ahowu 
|euJ>jauicd  A)iiatiODS : — 

Tanarir  ocM,  TWrinlia  uUd. 


V  ( I  HO,C,H  ,0,^      =  2  (3  HO.  2  C\I1,0,J  +    H.O, ; 
malic  acid,  by  the  loss  of  water,  yields  fumtric  (para- 

i 

iiBanc  acid  by  aoblimatioti  is  converted  into  its  isomcrii! 

k»d. 

ke  fDUmcr  pUik  ao/d   by  the  loss  o(  l  equtTalcnts 


EmCTi  op  CHUIRINK,   ETC.,  I'POK  TUB  ACUH. 

carbonic  acid  yields  pyrogallic  aciti ;  and  iimigallio  acid  ia  il 
turn,  bjr  iLc  toss  of  x  equiraleols   q{  water,  furuishee  mct&gxllic 
acid. — 

QtlUi  Mid.  TrmplUe  hU. 

i  ttO,C„H,6,       ==         C„II^,  +    C,0,; 

Pn«I*IU«  Mtd.  MltQlfa  (Oil. 

RMuIta  dosely  annlosoiia  &re  afforded  by  t!io  dccoinpoBilif 
of    meoouio    acid ;    a   H>lutioii  of  which,  at  a  tcmjxratiire 
cxowdiDg;  Ukat  of  boiling  water,  i»  converted  into  comenic  acid 
the   loss   of   3    eqtiivnU-nls   of  carbonic  acid;     and  comenic 
itself  if  subjected  to  diHtillation  lo^es  i  equivalents  of  carbooil 
acid,    and    furniahcB  another  diotiuct    volatile  acid,  the  pyroi 
conic : — 


3  HO,C„H,Ou 

ConiMiIg  mUI, 


PjraaiRMiDii)  arid. 


(1092)  Effects  0/  Chlorine,  ^c.,  upon  the  Aeidi. — Cblorii 
^cncrnlly  act*  upon  the  monobasic  acids  simply  hy  di^placii 
liyilrogen,  thus  producing  &  body  of  the  same  chemical  type 
lh«  original  acid,  and  coataiuiuf;  the  sarao  mimb«r  of  clcmcii 
•iniilarlj'  arranged.  In  the  radicle  of  acetic  acid,  for  instance,  th 
3  atuins  of  hydrogen  may  be  itisplaced  by  3  of  chlorine ; 
trichloracetic  acid,  whicb  is  unalo){OUB  to  the  original  ac^-tic 
acid,  is  produced;  llO,C,UjO,  +  3  Clj=IIO,C,Cl,Oj  +  3  UCl. 
By  a  substitution  of  %  nimilar  kind,  hennoic  acid  (IIO,  C,,H,OJ 
yields  chlorobeneoic  acid,  110,  C,tH4ClOs.  lu  other  iiistanca, 
especially  iu  tbc  more  complex  aetds,  tliv  origioal  group  of  clc< 
menta  is  broken  up  into  two  or  more  groups  of  similar  cottstilii- 
tiou.  Tliua  citric  acid  (3  HO,  0,^11^0,,],  when  treated  with  chlorine, 
yields  a  neutral  chlorinated  body  (C^CljOj),  besides  otbor  prodiicU. 
The  action  of  bromine  and  of  iodine  is  analogous  to  that  of 
chlorine,  but  with  difTcrcnccs  dcpcndiug  chiefly  upon  the  feebler 
character  of  their  ufllriitie!*.  PeTx>xtdc  of  nitrogen  may  u1«o  be 
siihstitntod  for  a  part  of  the  hydrogen,  cqnivalcnt  for  equivalent ; 
but  iu  this  case  the  acid  character  of  the  nitric  acid  whence  the 
peroxide  was  derived,  entirely  dii^appears. 

It    ia    remarkable    that    several  of  the    hydrated     or 
acids  have  a  composition  identical  with  that  of  anhydrous  glue 
t'^ihe  aititnatc  aaalyeia  only  be  cwuidsred  -,  thus  fumisbing 
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evidence  tb«t  cbcmic*!  character  depends  quite  as  much 
the  ino>!e  of  arrangement  annoiig  the  eteoicnt*,  as  upon  t3ie 
ire  of  tbow  etemeot«  tbeniKlves: — 

J  Jtia.iMiigMM.  iAH.LuMctoA.  lAi.OlarMa. 

Many  of  tb«  acids  contaia  oxygca  uid  hydrogen  iu  exactly  the 
proportions  required  to  form  water :  such,  for  exiim|ile,  as  the 
licttc,  the  acetic,  tlie  quiiiic,  the  pyrot&rUrie,  aud  iu>mc  otlicm. 

('<'93)  Comtiiud  Adiun  of  Heat  and  Baatt  on  the  Acids. — 
Uuajr  of  the  oi^gauic  acids  when  fuaod  with  the  hydrate  of  pot- 
uh  ore  decotaposecl  by  it  into  acetic  ami  o\altc  acid,  witli  sopara- 
tivu  of  water,  aad  Bomctimca  with  nvolutioi)  of  bydrugt'u  ;  for 
euiDpIe : — 


1 


Arelatr 

of  |H>B*feb- 


rU0.C,H,O,+3(K0.H0)  =  »  EO.C,0,+  K0.C,ll,O,+a  H,0,+H,  i 
Made  Mid.  OaU*  ufpouib.     Amuih  r>r  piiiiuh. 

J  BOrC«inoI,+4  (KO.IIO)  =  >  KOAO,+3  (Kac,n,oj+4  u,o,- 

When  the  salta  of  any  of  the  monobasic  acids,  wliieh  in  their 
ilate  of  normal  hydrates  eontaio  4  criuivalcnts  of  oxygen,  arc  dis- 
Iflled  irith  hydrate  of  baryta,  they  undergo  s  peculiar  dccompoei- 
tkw,  carbonic  acid  i«  retained  by  tbc  baryta,  and  n  hydro-carbon 
it  iiTeD  off;  for  example  : — 

AfMMfaftad^  Uinh  km.  '  I 

j<tio.C„H^,)+i(HO.BB0)  =  iCJ^,+  aCa0.C",O,+iBaO,C,0,. 

In  this  Dianacr  the  salts  of  the  following  acids  may  be  dccom- 
loeed  :— 

Tolaiea«i<l  .  .  .  no,C.,K,  6,.  yi*Idtti8  Toluol  .  .  .  C„H, 
CwKMiiH)  Moid  .  .  nOAV'^i^f  ••  Oinnamol  .  .  0,(B, 
CuamicBcid    .    .    1{0,CmU||0„       „       Cumol  .    .    .    OuU„. 

niicn  the  salts  ofacidH,  which  in  tbc  state  of  normal  hydrates 
maiaia  4  eijuivuleittD  of  oxygen,  arc  HJiiiilarly  treated,  oxidized 
Rnnpoanda  are  obtained,  and  a  carbouate  of  the  base  rcmataa  id 
Um  retort,  as  in  the  former  case : — 

tiii«r»  tt  tote.  AniHil . 

3«'io,C,,i7^J+j(HO.BaO)=:3>-aO.C,0.+  iD«0,C,0.+aCi7HioIj 

I    HIV».C* J?75",H->  tUO.BdO)  =  3  CaO.C.O.  + »  B«O.C,0, -I- »  e^,H»o,'. 
I       KcTcrcncc  has  already  heei;  made  to  the  kctouesj  vUlc^i  vk.  live 
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OXTca  LORIDES   or  TUB    ACIDS. 


result  of  submitting  the  time  or  bartta  salt  of  any 
acids  (the  nornutl  hydrates  of  irliich  contain  4 
osjrgen),  to  dry  clistiIta.tion  (1086). 


a.  Orychtorides  qf  /Ae  JeitU. 


cqu] 


(1C94)   Oryckhrides   of  the  Monohatic   Acid». — ■' 
tlic  loner  luemben  of  the  series  HO,  Cj,H._,Oj,  csn 
msdu  to  furoisli   volatile  compoiuids  in  wbicit  one  rqa 
ox)'gcn,  i»  contained  io  flic  aiibydruus  acid,  hu  its  pUo 
by  clilorine.      With   acetic  acid   (110,  C^iljOg).  M  « 
chloride  may  be  obtained,  consisting  of  C\HjO,Cl.     Is 
tlie-»c  cjnipounds  Gcrliardt  (Ann,   de   Chimie,  III.  ix 
bcat^  together  a.  mixinn;  of   t  atom   of  the   oi^clilori 
pborus  (379)  with  3  atoms  of  the  aubjdrous  pouub 
of  the  acid.     For  iostaucc : — 


44 


OijoUor, 


it  is  more  adrantageous  to  mis  terd 
thu   munobjFd rated  acid,  in  the  propoi 


lo  Komc  cases 

pho«<pl torus  with 

atoms  of  the  acid  to  t  atom  of  the  terchlnride  of 

In  tbe  case  in  which  acetic  acid  is  eoiiilovcd,  the 

follows  : — 

id  on  difltilliiig  the  mixture,  tbe  new  coro^iiDd 
whilst  [ihoaiiborous  acid  vcamins  in  the  retort.  By 
tbe  foUoniog  oxychhmdes  Iiave  been  prepared  ; — 


pb 


J 


OMr^laUM. 


Aevtio  oxjehlorid* 
Pf6|pMaio    .. 
Ontyno        „ 
Valeria         „ 
Ftokr)[Dsio  „ 


Fa. 


C.  H,  0,C1 

c.  H.  qj:\ 

C,  H,  0,01 


801 


.ili»^l 


ratal 


One  molecule  of  each  of  these  l>odios  yhMn 
vapour.     Tbo  vapour  uf  these  oompouods  is  exti 
to  the  lungs,  nud  their  niaiiipLilrilJoti  cuiifiriiucutj] 
tare,  othcrvnn  tlic  hc&ltU  o{  xW  ovctttuyc  -KiKiidl^ 


THE   AXUVDHIDES,  OE  ANBrOBOUS  ACIDS. 

dan^rcd.  'M'nter  immediatdjr  deooinpoKs  these  oxjchlorides 
Into  the  hvdratccl  iickI  antl  free  liyH  roctiloric  acid.  The  actiou  of 
ft  few  drops  of  vMpt  upou  acetic  o<cyc)ilonc1e  ia  no  rioleiit  as 
to  atoouDt  to  au  explosion;  C,UjOjCl+ H^Oj  becomiug  110, 
C,H,Ox-|-HCI.  Oijchloridca  corresponding  to  the  foregoing 
pound*  mftjr  tlno  he  ohiaitied  with  the  aromatic  acid*,  ouch  as 
henzoic,  toluic,  ctDiiamic.  aud  cuiniitic  acids: — 


thjtUcriim. 

Fonuulflr. 

BoilinE 

'r. 

8|(Mllla  GMri^. 

hiquid^ 

TafMHir. 

(Fatoic  oxychloridc 

C^U.O.Cl 

c,.H,o;a 

C,.H;0,Ci 

c„u,op 

385 
419 
50a 

SO* 

VIS 

rao; 
tojo 
t'i6i 

4-987 

* 

[^ahoure,  Ann.  He  Cftimie,  III.  xxiii.  337). 

These  oxTchluridca,  thitiigh  unimportant  in  t!icm!ielvci,  have 
>  the  handit  of  Gerhardc,  led  to  the  discovery  of  a  genenil  method 
procaring  the  auhj'dridcs  of  tiic  acids  from  wliich  they  arc 
rited  (1096). 
If  oxyhroniidc  of  phosphoriu  he  used  instead  of  the  oxycbloride 
decoru|iouiig  the  ttalt  of  llie  orguuic  acid,  uxj  bromides  of  cor- 
ipoiiding  conipo«itiaii  may  be  procured. 
(1093)  Orychtoridet  of  the  dibasic  acid*,  such  as  the  succinic 
Otjchloridc  {C',,Hj<\Cl,),  aiideilriwimic  oxychloride  (C,olip,Clj), 
miy  ubo  be  procurod ;  fant  il  ia  best  iu  these  cascH  to  act  upon 
the  anbydridcR  of  these  acid*  with  the  pcrchlnride  of  pliosphonis  : 
1^y  an:  uhtiiined  in  a  itlalc  of  purity  with  ditticiilty,  Miioir  they 
ire  ^nerslly  decomposed  at  a  tompcruturc  below  their  point  of 
Tolatiliutiou. 

t.  The  Ankydriiiea,  or  Anfii/dmux  Aads. 

( 109S)  Tlic  osychloridcfe  of  the  moiioliasic  acids  may  he  em- 
{iojed  tofiiniuh  the  anhydrides  of  their  res[)ectivc  acids,  bycaasing 

^  u  eqniralcnt  of  the  oxycbloride  to  deconi|MKtc  an  i-quivaleut  of  the 
dry  ptajh  or  soda  salt  of  the  acid  to  which  it  correapouds.      For 

Htittuiop,  in  the  prppnrntiou  of  acetic  anhydride,  an  equivalent  of 
^"■■.ic  uxychloridc  la  In-att^l  with  nu  equivalent  of  anhydrous 
■oeUle  of  potanh,  when  the  following  reaction  occura : — 


C,H,p,a  +  KO,C,tf,0,  =  £CZ +C4ll,0,.C,HjOj. 
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THK  AxyvnaiocSf  ob  ANrtTDious  acid*. 


It  in  not  necMnnry  to  ismlaite  the  orychlnride  in  order  to  pr 

Die  nuhydridt  of  the  «cid,  for  if  one  atom  of  oxychloridc  of  phc 
phorna  be  made  to   act   apoa   m  atoms   of  tlie  ftittiydroun 
instoAd  of  oiton  thre«  &toms,  a»  wottid  be  required  in  the 
paratioii  of  the  oiycliloridc  of  the  organic  acid,  a  componnd  i* 
action  occurs.     TIic  orydiloridc  of  the  a<iid  i«  flret  formed,  anlj 
tills  body  in  the  raomei)t  of  ilit  formation  rcitcts  upon  tho  exc 
the  salt  emptoyvd,  and  the  auhydridc  is  at  once  lilirrntcd. 
example,  in  the  preparation  of  acetic  anhydride,  these  two  sti 
would  be  thus  iudicatud  : — 

0)    :^ci;        +3{KO,C,M,UJ=iKO,PO,+  3'cX*^) 

(0   3CiH,o;cl+3(KO,C.H,0,)=.lKCl+3(C,H,o7c4U,0^. 

Or  the  whole  may  be  comprehended  in  a  single  equatJon  auch  ul 
following,  which  represents  the  pre[)«nitioii  of  valeric  anhydride  i 

Oirrhl. 

yboiqiti.  T>l«nlA  of  pMMA.  Talnrir  ntQiTillh 


?0,CI.+6  (KO.C„H,OJ  =  3  K0.P0,+3  KCI+3  (C„H,O^C..H.Oj:| 

Oerliardt  and  Chiozza  have  thu«  ohtained,  amongst  others, 
anhydride*  of  the  following  acids  : — 


kabjAflAf. 

Furmula. 

SuOiailK^'F. 

SpKgOf  Ond^i^ 

Ufotd. 

"^ 

Acetic    .... 
Butyric     .     .     . 
Valt>rio      .     .     . 
Cnproic      .     •     . 
(Enanthylio   ,     . 
Cnnrjiie    .    .    • 
Pp  ariionic     .     . 

(C,H,0,.C,H,0,) 
iC,  H,0,.C.  HfO.) 

(C„H„o..c„n„o,i 

(C„H„0,.C„H  ,0,1 
[C„H,.0,.C„H„O,) 

180 

374 
419 

I -073 
0-978 

0*93 

These  nnhyilridcR  a»»nme  the  form  of  neutral  oily  hodies,  vhii 
are  insoluble  in  water,  but  which  hy  contact  with  thin  liquid 
gradually  converted  into  the  cor  respond  iiifj  hydrated  acids, 
are  susceptible  of  voUtiliKtition  without  undergoing  decomposHio 
They  ixisseas,  in  many  c&!«s,  an  odour  distinct  from  that  of 
hydrated  ucids  to  which  they  give  mc.      lu  entering  into  comll 
nation  with  amiuoniu,  they  form  amides  or  salts  of  amidatcil 
(1166). 

But  the  mode  in  which  these  compounds  arc   fonucd  uj 
greater  interrat  to  chemical   theory  than  the  mere  fact  of 
existence.      They  arc   formed,  it  will  be    observed,  not  by 
abseractioD  of  water  from  the  hjAinled  iiCidH,  uor  by  the  rcmc 
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[a  metftUic  oxide  from  one  of  the  salts  of  the  acid,  bat  by  a  true 

of  substitution,  so  thnt  tli«  ntili/dridcs  of  tbeec  moaobasic 

emmiot   1)6   sccurately   represented   b^   anjr   rormiila  wliicli 

iodicate  tliat  they  consisted  of  a  salt  deprived  of  its  base,  or 

hyilmtn  deprived  of  its  tratcr.     Fur  example,  iiormnl  acetic 

pd  in  its  mcMt  CDiicentrated  ftnm,  is  rcjtreiietited  uh  FIO,  C^HjO^ 

acetate  of  polasb  i«  KO,  C\H,0,,  hut  acelie  auUydride  is  not 

nply  CjHjO,.     It  is  truly  C^IijOj.  CjHjO^  since  it  is  foriued  by 

khatituting  aa  t-quivaleiit  of  C^H^O^,  iu  the  place  of  nu  equivalent 

'  hydrogen  or  of  potaasium : — 

The  normal  (1107I  «pccilie  fjrai-ity  of  tlie  vapour  of  mono- 
fdrated  acetic  acid  (at  ^Hz'^  F.)  ia  2'o8o;  that  is  to  say,  I 
lie  yields  4  votnmea  of  vapfiur  :  vrbiUt  tbc  vapour-density  of 
aubydride  is  3-47, — consequently  its  molecule  (suppo»iiig  it  to 
Id  4  Toliimes  of  vapour)  must  be  represeuted  by  the  formula 
D^U,0(,C,Hj,0,).  But  tlie  following  proof  of  the  correctness  of 
theory  of  this  duplicate  compositioii  of  tlic  Hiili^dridea,  will, 
ipa.  by  many  be  esleeoied  still  more  convincing. 
(1097)  J}Qubleor  MUed  Anhi/dndea. — The  anhydrides  already 
oameratcd  are  nut  the  unly  ones  wliieh  Ocrhardt  eucccrdcd  i» 
iuing.  Benzoic,  eiuuamic,  and  cumioic  oxychlorides  may  be 
ired,  by  processes  analogous  to  those  already  described  for 
preparation  of  the  acetic  and  other  oxychlondcs  j  and  the  cor- 
anding  anhydridea  were  ohtained  by  employing  these  oxy> 
ride*  to  decompose  the  anhydrous  salts  of  beuzoic,  cinuamic, 
\  cuminic  acids  : — ■ 


ntrabflOMic 
fUa  .    . 


OlTrkloTtdM, 


C,.H.  0,C1 
C„H.  0^1 

c^h;,o,ci 

C„H,O.Cl 


Aatr^drtiW. 


{C„H.O,.C'..B.O,) 

(C,.n,o..o,.ii;0.t 


Qaturdt,  however,  did  not  atop  here ;  he  employed  the  oxy. 
fUoriilea  already  described,  to  decompose  the  saltJ*  of  oilier  acidst. 
Tliui  bvuxoic  oiTchloridc  was  mode  to  decompose  drycuminate  of 
nda,  snd  in  thiii  manner  a  htHZo-cammc  anhydride  was  obtained 
ibc  fuUowing  tesctiou ; — 


■■Mmu  Axmruub**. 


•  m1»>*>M, 


B^  dBesafoanig  omaam^tt  of    aotlm  hy  bcnsoic  mj 
«ft  obuined:  and  by  »imiUr 
ewuaenad   ia   the  foUoving 


-jss: 


Mkf^Uc 


Mkr*s^ 


C„H-'  '•  "• 


ue  fiqoid   It  onlinarj'  temper 
mil  »■■  tbc  fafv  of  neutnl  oik,  vbicli  are  hesrier 
kit  ia  *'^*— *  ntb  vkter  ihej  uv  grvdtwlljr  roovprted 
taieef  tte  I«d  voBofaTdratcd  atiiis  (toid  vhk-li  they  uei 
fciiiBi  Milk   abhrdnde,  for  issUnce,  oombtoing  with  tva I 
Ints  of  nter,  aad  fanaing  m  mixture  of  Dormal  bmi 
■nik     If  it  be  itteMpted  to  submit  these  double  - 
AstiBBtian,  ifcey  faecooie  decDoiposcd,  lad  are  gen' 
iHId  tkcir  cowfoiwttt  anliTdncUs.     It  i«  oWidu*  tin 
gai^  Iwt  mgkt  be  tocrvased  almost  indcfinitclT,  i 
iwlwiinl  lo  tdd  to  the  ooinber  of  thee  coniT 
REiItj  ibe;  uv  BiiiiD[MvtBati  but  the  i  I 
JBiftfith^t  hf  tbrir  iifcortrj,  is  tli«  feet  v....:  _   - 

acids  arr  rcall;  ooiaplei   bodiet,  Tnulttngj 
vf  two  sabstaoca  of  wmiUr  cotnpcwitiuQ : 
teMoic   •nfardridr,   «r   beuft-bmuc    eompoutid, 
third   vpm  the  bregoinc   tist,  beuig   prrfccilr  at 
ooIt  id  its  node  of  fonoatton,  bat  alfo  in   it* 
other  bo&>  oitfa   which    it    ia  aanciatcd ;  it   i  .  .. 
•table  Ibn  tbc^  are,  and  can  be  diktillcd   wttbout 

(1C98)  AmJ^ftbiA*  ^  tke  Dibanr  ^.^<£a.— With 
•ridft  the  caeo  is  differeaL  The  anhydrides  of  thctc 
on  oAcu  be  obtaiucd  from  the  bjdratoi 

alinatirw  of  boat  to  tlicw  budia>,  it  hy  iJ ^ 

Jl^i^l^  a^nU.  *ii<-h  a*  phoaphoTic  anhjrilndc.     Ii 
' !«  have  been  caabtcd  to  procoir ' 


Ijl^i'^Htlllir'   Ot   ilH>aM« 


add»: — 


AXQTOQIDES  OP    TQ8    DIBASIC    ACIDS. 
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Succinic  mihvdiidc  .    Cj  H^O,. 


Citracouic  . 
Plithalic  . 
Camphoric 


C«U,  Op 


10      .      .      . 
iric    . 

Pjrotartaric  .     . 

Tliese  being  residues  of  c)ibii»c  aciJs  arc  already  daub/e  nnhj- 

rides,  and  it  vill  he  olKcrved  that  in  every  c&hp.  the  number  of 

iloma    of  cacii    element    is  divisible    by  two.       8ucctoic  aohy* 

ride,  for   iiistaDCc,  may  still  be  rcprcacntcd  na  formed  upon  tbe 

H^  CHOI 

rpe  of  the  double  atom  of  rat«r  „  i  O^  thus    *i, ' ,  *  |  Oj ;  and  the 

CHOI 
mny  lie  *aiil  of  tartaric  anliydridc,  f.*n*fi*f  ^ii  *"''  indeed  of 

II  tbe  other*. 

It  is  worthy  of  remark,  that  thc^e  dibasic  acids  are  the  only 
which  form  vinic  or  ctliylic  acidK,  such  a»  Biilphcthylic, 
xalethrlie,  and  tartretliylii; :  and  it  is  fhRy  only  that  can  fumiah 
be  amidated  acids,  aticii  a*  the  aulphamic,  oxamic,  and  tortramic 
dd*. 

If  iuRtPad  of  cansiiig  an  oxyrhloride  of  a  monohnsic  acid  to 

opOQ  oue  of  the  salta  of  auothtr  monabosic  acid  (oa  when  twii- 

oxychloride  (chloride   of  benzoyl)  ia   wade   to  act   iijion  dry 

of  potDHh),  tbo  oxychloride  be  made  to  act  upon  the  cor- 

3Dding  salt  of  a  dibtiNic  acid,  a  donble  anhydride  ia  not  formed, 

uta  mixture  of  two  aeparate  Hiibydnda»  it4  the  result.     Thiu,  if 

jic  oxychloride  be  made  to  act  upon  dry  succinate  of  soda,  a 

liUurc  of  succinic  and  benzoic  anhydrides  is  obtained.      TIua 

■alt  may  l>e  explained  iu>  fullows  : — 

ICacb  atom  of  the  mIe  of  a  dibasic  acid  containt  n-ithia  itself 

latouui  of  a  metallic  oxide,  in  addition  to  the  elemnitit  of  tite 

ipotw)iit)j  aidiydride  ;  there  nrv  eou^i^ijueEitly  two  stajje*  iu  th» 

ion.      In  the  first  of  these  stages  the  oxychloride  decomposes 

«all  iiilo   the  anhydride,  am)  into  a  new  Milt  of  the   mono- 

lic  acid  corrcepoDding  to  the  oxychloride  UKd;  aud  iu   the 

ad  fttage,  this  newly  fonned  Halt  ia  in  its  turn  decomi)osed  by 

additioual  quantity  of  the  oxychlondc,  as  in  tbe  case  of  the 

ODobosic  salts  where  this  latter  reaction  is  the  only  one  which 

I.*     For  exami»1e; — 


Uprig  flfrbardt's  theory,  the  sole  dtfl'erenrrp  bptween  llis  anhjdridM  of 
ii'iImuii- and  of  tbo  iiiotiofcjMic  ncid*.  (f«r  rx«mi}k.  1)«tv«on  mi^einie  ami 
ite  udiydridi:*.  «iipfii>«iog  tbeia  bolli  to  bp  c<>m|>arpd  nitli  the  molcoule  of 

'  ImUa  u  H  I  ^)>  i*.  tlut  the  two  moloeulet  of  hydrog«a  uttuned  hj 

Jt  toexbt  in  tb^mottcale  of  water,  arvdisplROcd  in  ihc  di\»sVe  an\t)> 
Jf  1 
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3nJ  •luge;  CJXt\Cl+N«0,C„Hj6,=  C„np,.C„U^Uj+KiiOI. 

The  action  of  perchloriili:  of  pliosphorus  upuu  the  lijrdratol 
nc]An  afTnrds  a  means  of  tlUlitiguiAliliig  Itctween  the  (libusic  uid 
the  monobasic  acids.  In  both  casts  the  osychloridc  of  the  tciil 
is  Ibrmcd,  but  in  the  case  of  the  diliaaic  acids  the  rractioa  ocean 
in  two  NtiiKe*,  in  the  (int  of  winch  the  anhytlnde  of  the  aoA  U 
[troducci],  whilst  in  the  second  atage  thii<  aiihydridi^  |)af«c8  ino 
the  oxychloride ;  hut  with  the  monohaiic  aridx  there  U  otik 
ODe  stage :  h^'dmtvd  itucciiiic  scid,  for  eiumfilc,  tlius  yields  hi 
the  first  place  anhjdrons  succinic  acid,  brdrochlonc  jkH,  xni 
oxychloriric  of  phoephonm ;  and  in  the  second  utagn  of  the  n- 
tioD  vith  an  additional  qnantity  uT  the  perchluridc  nf  plio» 
phoriiA,  osjchloride  of  phoftpliorus,  and  succinic  oi^cliloridcf 
formed : — 

PrrrtiW.  Bwvlnio      Otjrl'W, 

islitigej  iHO.CjnO, + POI,ci,  =  6^ fit + ^0^1 + » HCl : 

tlunniili:  inlijilrid*.  fiiirr'iiiiii  nijthlioldn 

aniJ Stage:  0^liO4+rCL,C1,=  C,H,0*CI,+P0,C1,. 

Pcrehloridfi  of  phoapliorus  never  viclds  t!ie  anhydride 
monoha-aic  ai;iil  hy  ucting  iiiinii  the  hydratcd  acid ;  but  the  c«i 
K|>oiiiliiig   uxvcldoridc   is   foraicd   at   once,   whilst   oxychloride 
phosphoruii  and  hydrochloric  acid  are  liheratcd.     Tlius  : — 

Hac,Hio,+pci,ri, = c  JIAC1+ Hci+po.ci,. 

(1099)    Ger/tarffi'a  TAeory  0/  the  eninpvsitlon  ^f  the  Jl/od 
and  Dilmsic  Acid».—1\ie  important  OLpcriments  which  hxre 
been  dcluilcd,  have  given  great  additional  prubability  to  a  the 
of  the  constitution  of  organic  compounds,  long  mlvocatciL  by 
rent  and  Gerhardt,  already  allndud  to  [91S),  but  which  it 
he  iiavful  to  consider  iu  its  applicnlian  to  the  mouoba»ic  and  dill 
a:C^ds.     Tho  basis  of  tliia  remarkable  theory  is,  that  tlie 
acitU,  or  bydratcd  acids  as  Ihey  are  u:>ua[]y  trniLed,  are 
upou   the   type  of  the   molecule  of  vatCTt  which  molecule] 


suotMliuf ic  ufili) Uridc  ihU  di>i>laci.'aii:ut  is  cQcct-.-  jJralJval| 

(indi  »  P,H,^  =  C,H,0,),  which  nwd  not  coexi.i  miitoiind. 

of  ckicJi  uau  U0  excliaagud  (or  utoUicr  similar  or  (ui  j  *  ?  joulinx  B,**^?- 
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Z'iz 


to  coiixitt  of  tir^:  tlie  atomic  number  of  oxygen  being 

of  tliut  generally  aitinittod.  It  i*  as^uiuotl  tliat  liyHrogen 
(»  well  a»  tlic  clnm ciliary  bnclica  generally)  iii  incapivblc  of  evicting 
ta  a  Re[»initi!  form,  except  in  Uie  condition  of  the  double  atom 

This    molecule   or   double    atom,    hovrcrer,    h   divioible 


H 

vlicii  in  the  act  of  entering  into  com)>in»tion  ;  tlic  (llvisibitity 
htaag  cvi(i«ic<?6  by  the  circumstanpc  that  one  atom  (11)  admitK  of 
Vang  displaced  by  an  atom  of  some  other  body,  or  group  of 
bodies,  which  represents  hydrogen  when  in  coinbiimtion.  Id  the 
Irated  monobasic  acidd,  such  a  Bub^utution  is  6U|>[ko»ci3  to  have 
rred,  acetic  hydnite  (nioiiobydrateil  acetic  acid)  beiiij;  reprO' 

nt«]  as     ^^j*    >Q^;  the  group  (I^Hj^  occupying  the  place  of  one 

Jthe  atoms  of  hydrogen   iu  the  ntoui  of  water  (Hjt>).     If  the 

of  the  second  atom  of  hydrogen  in  the  typical  atom  of  vatcr 

I  oocuptod  by  a  mctalj  a  salt  of  tlio  artid  is  formed  j  thuft,  acetate 

fpotash  would  be     '^.^    [Q;  in  which  an  atom  of  potaii«ium  bu 

suhatitnttd   for  the  second  atom    of  hydrogen.       Further, 

tthe  second  atom  of  hydrogen  be  difipkecd  by  a  second  group, 

ndar  to  that  which  occuptcft  the  place  of  the  first,  the  anhydride 

f  tie  acid  »  obtained ;  thnu  ncetic  anhydride  woidd  he  (-'i.^u [  ^i 

I  which  the  position  of  both  tlie  atoms  of  bydrogcu  iu  the  typical 
■ttoifl  of  water,  \&  occupied  by  the  group  CjTI^O. 
_     The  uormul  hydratcit  of  the  dibasic  acids  are  supposed  to  have 
MdiBereot  cooBtitution ;  for  in  them  a  single  indiTisiblt-  group  of 
muoA  ie  considered  to   be  combined  with    aa    atom  of   watar; 

Kctuic  hydrate,  for  instance,  Jwing  .i(t>,  Q^M^^.      When 

n  the  ntoms  of  the  hydrogen  contained  in  the  basic  atom  of  water 
(displaced  byasiuglc  cc^nivalcnt  of  a  metal,  an  acid  salt  is  formed  : 

racciaatc    of   soda,    for   iustsace,    being    ..    ;f^,  i^fi^^; 

wlicn  tlie  second  atom  of  Iiydrogcu  is  displaced  by  a  second 

ifaicnt  of  a  mclal,  a  normal  Milt  of  the  diboaie  acid  i»  pro- 

Hiccinate  of  potash  and  lungncsiu,  for  instance,   being 

[O,  CjHjOj.     Further,  when  the  atom  of  water  is  abstracted 

the  anhydride  of  the  acid  is  left: — succinic  anhydride 

■ial8  ninplj  uf  the  hrdrated  acid  deprived  of  ita  atom  of 

'  Y  2 


one 
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bafltc  water;  ..[O,  G^H^^t,  becoming  !ie|»nitect  iato  irf^t 


This  tlieory  Iim  the  merit  of  nccountiiiic  for  the  iiece««tT  or 
forroiiig  the  aiihydridrs  of  the  moiiolKutc  Rci<l«  by  suhstitutjui) ; 
wliiUt  it  alao  C):|ilaiii-H  tlic  poiisibilitj'  of  procuriug  the  au))v(hni]cs  of 
the  dibasic  acid*  by  siiuplu  tleliydraliou. 

The  dibasic  acids  arc  fnrllicr  distinguished  from  the  monobaiic 
by  diflerenoe»  in  lh«  vu|K>iir  volume  of  the  derivatiTt™  of  tlic  two 
claasos.  TliUH  if  I'^iual  toIuidm  of  the  etherx,  or  of  the  oxychb* 
rides  of  the  dibasic  acids  be  compared  with  correaponding  oon* 
ponndit  uf  thu  ni(>no1)n«ic  seriui,  tbu  ^oportioii  of  etbcr  or  of 
cliloriuu  contained  in  eunipoutida  assumed  to  be  dibasic  irill 
ilouble  of  that  coiitKiiied  in  their  correlittiru  tnonoliafic  compou: 
For  vxatuplc  the  fulluwiug  furmiilo;  represent  equal  vulumes 
vapour:  — 

Methyl-acetic  ether  (inouobasic) ....    ^„*    |0 


MetK^'l-sulphuric  etlicrr  (dtbskic)  . 


Cl» 


,  >W| 


Acetic  oxycldori<1c  (nioiioWic)    .... 

(chloro-sulphnriel 


^H,0 


StUphtiric     oxycbloridc 
acid)  dibaaic 


CJ 


CI, 


1- 


] 


In  order  that  a  clearer  idea  may  be  ohtaitieO  of  the  diOei 
betirct-Q  Gcrhardt'a  view  and  the  one  ii»ually  acto|>tKd  bychemii 
ire  Mibjoin  an  example  of  the  application  of  the  forroulte  of  I 
thcoricn  to   lu.^ctir  uc.i<\,  which   has  been  Sflected  ait  tliu  type  ofl 
monobasic  acid ;  and  to  succiqic  acid,  which  luay  iterve  as  the  t] 
of  a  dibasic  acid.* 


UoBobMioadd. 


H;dricacrt«lf,orUjdnit«d ) 
Hdsiic  acid S 

Pata««ie  ac«t«t«,  or  awtatv  ) 
«f  potakh J 

Acetic  ocvtnte,  or  utbydrou*  t 
tceiie  Bciil    .....  J 


OnUnujTlev. 


H0.C«H,O, 


QoAmA. 


*  Ailboujtb  ■MtioaciiJ,  and  tUc  acids  of  lli«  ■orin  to  whirh  il  bolc«i||i| 
rvnurdod  mi  PKinobonii'.  U  muAl  not  lie  for^ttcn  thai  n  l^r^ir  numWr^l 
UTidd  form  acid  mIU  irilh  pgtaKb,  eucli  u  biromita'c,  biD«cctai«,  and  hiftc 
of  jtotjub.      Th«  raoie  of  ihli  fonnaliofi  of  si^id  aallt  bj  acids 
,  lo  be  atoaobtne,  itiU  require*  further  tcaeuTcVm  Wt  ita  aluciiUUan. 
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E 


lyilmt**,  or   hj-  \ 

ncitittlc  of  soda  .  | 
icciiiale  of  tnag-7 

■li;drido   .     .    , 


Of^Bw;  tfm. 


3  HO.CH^O, 

K.O.HO.C.H,n< 

aNaO.CjBtO, 

KO.MgO.C.H.O, 
C.H4O, 


OBftW*. 


I  Of^anir  Ptrojndeg. — ^TIic  foresting  theory  of  the 
ids,  whu;h  rcpn'scnts  them  as  formed  upon  the  model  of 
»  FccviTcd  further  confiniulioit  from  BixxUc's  di»coverj"  of 

organic  jxiroiti'te*  corrtrs^wiifliiig  to  peroside  of  hydrogen. 

/toy.  Soc,  ii.  361.} 

peroxides  may  he  obtaiiicd  hy  dccompusing  the  orgnaic 
t  or  u'cvclilori<)«s  hy  mcfltis  of  pun?  jxTo^idc  of  barium. 
tide  of  liaritim  mast  he  procured  by  diwolving  the  ordi- 
||de  iu  hTdrochloric  acid,  tbini  prwipitattiiK  by  baryta 
Pbrying  the  precipitate  in  ramo  over  sulphuric  add. 
o  Uluslralions  of  these  compounds  may  be  admitted  here, 
lie  Peroxide  [(^n'^i^i's^'J  ■'■  procured  by  mixing  cqui- 
Istitics  of  benzoic  oxrvliluride  iind  peroxide  of  barium  in 
L  *wlii]  »  obtained,  which  is  freely  soluble  ill  ether,  IVom 
^deposited  in  large  brilliant  cryhtaU.  When  heated  to  a 
^B  212°  it  iHdeeoiii[>ii»<>il  u*ithiiHli)>hL  c\pti)»ii>ii  niid  with 
fiarbonic  add.  If  boiled  with  aBolutiouof  potash,  oxygen 
'  i  iizioiitc  of  (xitasb  formed. 

■ie  [((^^Hj*^j)iOJ  nmy  be  procwred  in  like  iiiui> 
eompofting  uectie  anhydride  iritli  an  equivalent  quantity 
le  of  barinm  in  anhydrous  ether.  The  raisturc  must  be 
Iffvly,  a*  the  rpaclimi  1^  »Lt^iuk-d  witli  evolution  of  much 
!ke  eCbcrca)  solution  is  filtered  from  the  acetate  of  baryta 
irmtnl  at  a  low  temperature,  and  the  retiidunl  fluid  ivBsbcd 
act  with  HAter.  Tlio  litscid  liquid  tbua  obtained  is  the 
if  aoctyl.  It  haa  a  homing  taate  like  caycnuc  pepper: 
nCb  an  aqueouo  Mlution  of  siilphate  of  indigo,  it  iuime- 
iidiarges  the  colour.  It  converts  proto:iide  into  peroxide 
usee,  aad  tbe  yelloir  into  the  red  prussiate  of  potaab. 
ties  dccoinpows  it.  forming  acetate  of  barjLi  and  peroxide 
, «  Nii^lc  drop  placed  in  n  vatcb-glua  and  licatcd,  cx- 
loud  report,  titatteriiif^  the  glam  to  pieces.  The 
if«r  and  t&e  pcnaide  of  hydrogen   to   Iho  orgtiwc 
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knd    the  organic  peroiide  nisjr   he  thus  cxhibitrd  in 
,'a  svaibols  : — 


Aofii*  rmiUtb 


c,H,o 


'i)  The  table  od  Ihc  precediii);  page  will  amst  in  explaining 
lions  of  Uic  ]irincip8l  clueea  of  ibe  dcrivatircs  of  the 
acida. 


I' 


5   ni.  The  Pattv  Acids. 


a.)  The  fats  and  fixeA  oils  wlicn  saponilied  yield  a  number 

|1iich  WkHig  totwoililf<:rcut  homologous  scries.     Stearic 

ic    acirls   maj  be  takeu  as  tlie  types  of  one  series^  in 

igenerAl  ronniiia  of  tlictiorntol  odds  is  (Ci.H^)0,.     Tbe 

mla  of  tlio  otlicr  scries  is  (C^H^^}0, ;  this  seri(»  if 

olL-ie  acid,   Imt  oiilr  a  few  terma  of  It  art;  known. 

Kion  of  tlic  niurubcra  of  tlic^  two  groups  a  tbird 

cula   may  be  obtained,  to  wtiicb  Hubcric  and  succinic 

Bgi    the  aci<Ii«  of  thU  groap  are  dilnsic :  their  normal 

ure  the  general  forinnla  (Cj^Jl^^^O^.     In  tbc  following 

[correjponding  acids  iu  eacb  of  theKe  three  groups  are 


»tl^.U. 


C,  H.  O, 
0:11:0. 

5.'<  H'  ^' 

C.  ft.  ", 


Airids  of  the  form 
(CVH,_K),.  or 


Aei^Ho. 

An>!Pli« . 


C.H.O, 


1,0,    Olcio    .  .  c^n^o, 


Aada  of  the  form 


3mt.^M> 


,or 


<MUj|_4V«, 


Oxali«   . 

Matonie 
Suocinio 
Lipic 
Adipic  . 
PitneliD  . 
Sulieria  . 
Ati^hoic 
Subacio  • 


C,  H,  O, 

c,  n,  o. 

C,oK.  O. 
C«1I„0, 


w^  /o  /A^  ^w/m;  or  Stearic  Serlei  (HO,C„Hs^,0j. 

sciiIb  which  are  comprised  in  this  series  constitute 
iiuriicroiis  and  most  carefuUj  examined  groups  of 
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bomologoufl  coRipouiicIs ;  all  thetcnn»of  whkb,  ooinmrnnD^  with 
tbc  formic  and  piocepHiig  iw  fur  bs  tlie  cipric,  are  well  known. 
The  numW  of  atoms  of  mrljon  in  each  of  these  ttrnia  u  rfiriiiWe 
bv  3.  It  ho^  been  reiimrked,  that  in  the  terms  wliicli  coiitaiu 
more  carbon  than  ihc  ca|iric,  the  auitibcr  of  cquiviileats  of  CRfbo-i 
in  all  tlie  acuh  irhicli  have  l>cea  eutiafactorilj  csannucd,  is  iliri- 
sihle  by  4  ;  althuugli  insiiy  cbumiftts  adrait  the  cxi«teiioe  of  acidi 
corrcspDndiiig  in  composition  to  all  the  hydrocaTbous  dtrisible  hj 
2,  lip  to  {C^ajH^))-  The  fusing  point  of  Brodie'a  cerotic  acid  Um 
much  lower  tlinii  thut  which  might  have  born  expected  from  u 
iwid  &0  high  ia  the  scries,  that  lldntz  has  suggested  tliM 
this  eiLceptiotiKl  cmc  may  po^vibly  nn»c  fruiu  the  acid  bciag  • 
mixture  of  two  others ;  since  he  tiuds  it  to  be  a  gcucral  nile,  tltf 
a  miiiturc  of  any  ttro  of  the  solid  acids  of  tbis  Rcrics  has  a  fiwag 
|)omt  cuiixidcrably  below  thnt  of  tnthcr  of  it«>  eoniponeiits  (iiai)i 
aad  the  boiling  point  riacn  aa  the  iiuinbcr  for  N  incrcatet. 
the  sAone  time  the  acid  property  dccrcuseM  excepting  in  parti 
c«sc«:  the  lower  terms  gcnei'ally  displace  those  above  thum  iu 
«enc«  from  their  eoniblnatioiia  with  biiHca;  tbua  formic  or 
acid  will  displace  the  valeric. 

The  acids  belonging  to  this  group  itiay  all  be  dUtiUcd,  «t 
partially  or  comptctelr,  without  Hiidergoiiigdt-coiiip(».itlon.    Mi 
of  them  e<(hibit  a  remarlcnble  peculiarity  tii  the  volume  of 
which  they  funiisb  at  different  temperatures;    thuf,  the 
the  acetic,  the  butyric,  and  the  valeric  acids,  at  low  tci»])cnUi 
furnish  a  much  smaller  volume  of  vapour  than  they  do  at 
elevated  temperatures : — 


(Formic  acid  at 
I       Ditto 
I  Acetic  acid  at 
i        Ditto 
I        Ditto 
(Butrric  acid  at 
(       Ditto 


•F 

Tipigr  dmmUT- 

5' 

3'23 

416 

i*6t 

69 

3"93 

3» 

1-48 

460 

2-08 

350 

3*68 

JOl 

S'07 

At  the  liiglier  temperature!*,  and  at  all  points  above  them  (an 
the  acid  undergoes  dccoioposilion),  t  crjtiivalent  of  the  con)|K>unii 
yields  4  volumes  of  vapour;  but  at  low  temperatures  the  vspoor 
volume  docs  not  correspond  csactly  to  any  specific  multiple  of  I 
volume  of  oxygen. 

All  of  tbe  hydratcd  acids  of  this  ^oup  when  melted,  with  tU'' 
exception  of  the  formic  and  the  acetic,  exhibit  the  propefltc 
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^  n  ioipeifcctly  soluble  in  water;  tboagh  some  or  Uie 
ben  of  tttc  series  urc  soluble  in  witter  to  a  oonsktcr* 
■  t   thej  are  all   abuutlautly  soluble  l>otli   m  alcobol  nnj 

acids  arc  rc^gordcil  as  monobasic,  bat  acrerat  of  them 
oeDtral  aud  acid  »alts  with  the  ■Ikn1t<:»;  a  biformiatc, 

',  au(]  a  bUtcaratc  of  potiisb,  for  example,  may  be  readily 

Majiy  of  thcax  yiclil  wilh  oxide  of  lead,  not  only  tbo 
tal  fn\tf  but  also  liiuic  hhUh,  wbicb  contain  3cqiiivaknt8 

lead  for  each  L'qiiivak-iit  of  acid.  Many  of  these  basic 
ccljr  soluble  in  water. 
^KrkuUle  rclatiuii  whicli  thc#c  acld»  bvar  to  thv  nlcoltoU 
^Veeu  jiointcd  out  (p.  32) ; — for  every  alcolial  there  is 
sding  acid,  wiiicli  may  be  formed  from  the  alcohol  by  a 
proccM*  of  oxiilaliou  ;  this  oxidation  nisy  somi'liincn  be 
rcetly — as  in  the  conrcr^ion  of  nine  alcohol  iato  vinegar 

iperntion  of  finely  divided  platjiinm ;  but  more  (isiially 
ry  to  n^»ort  to  indirect  mvaos,  such  vx  licatittg  the 
tU  hydrate  of  potash ;  iu  which  case  hydrogeu  Is  climi- 
bt  oxygen  entert  into  the  cooipoiitulj  the  general  form 
Mlon  bfiug: — 

.H^iO,  HO  +  KO,  H0==KO, Ca.Hj^,  0,  +  iHj. 

etioti  of  gaj^enus  chlorine  upon  the  acids  of  this  group 
to  the  formation  of  cMorinntcd  acid*,  in  which  a  certain 
tt  atoms  of  the  hydrogen  is  displaced  by  an  e<|iial 
f  equiislcuts  of  chlorine  ;  but  the  Batui-utiiig  poi*er  of 
not  altrred.  In  many  ca»cs  more  thnu  one  clilorinatctl 
be  fortacil  fmut  Iho  original  acid ;  fur  example  :  — 

Chloracctie  acid  .  .  IIO.C.  J.'*  |o, 
Trichloracetic  acid  .  HO.C^CIj  O, 
I)iehloro1)utync    . 


iUO.C.U.O, 


.Ho,c,njO, 

I  Tetrachlorolwityric      . 

fC'hJorovaleriric     ) 
Tinr  H  n  J  (Triclilorovslcric) j 
•  ""'*"'»"•  ^".Cblorovalcrosio  \ 

((TetracbloroTBlcric)  ) 

.  lIO.C«H„oJcidoro»lcaiic    .     .     . 


HO, 
HO 


H0.C,„J!,-]0, 

no.c„J!,^|o, 


vo 


muecT*ovnt*  or  &.ilts  op  ti 


IScvcnl  of  these  Midi  also  funiiA  niiift- 
vHh  loaiog  sitric  odd ;  nicb,  for  cjjwtplc,  u  tbc  folkr* 


KitropiDpioDic  acid 
Xitrobutjric  add 
XUrovalnic  add 


HO,C,  H.NOpO, 
HO,  C„H,NOp  0, 


An  totcTestiDg  obicfTRtioa  vu  ni»de  hjr  KoKk; 
IBoiSe  in  which  the  salts  of  thcAC  avid^  an;  d«N>iDpo«cilJ 
vohaif  batterir.  The  first  «tage  of  tlie  «l«otrolyn8 
tefmntxm  of  the  salt  iuto  tnu  jiortioiis ;  the  nirUil 
negative  plate,  wltiUt  titc  acid  aud  ttic  o:i}-grti  travel 
positive  elfctmdr.  Here  ttie  Kccood  stage  of  the  pr 
aMOocs;  ibe  oxrgtii  and  the  acid,  reacting  ii|tmi  ' 
definite  nutDncr.  ^hco,  for  cxarupic,  a  strong^uln 
of  poU«h  is  Mibraitted  to  the  ocUou  of  fouf  cells  of  Bv 
of  (iroTe's  battcnr,  the  tempenluit;  uf  tLe  sotutkin 
Tcotrd  fmoa  rtung  much  bcjoud  32'  P-,  the  poCawium  uf 
k  nolnsj  as  osoal  at  the  negative  deotrode;  and  hy  bertj 
posing  an  rqnivaleiit  of  watir  it  iniinediDtely  forms 
libeiktes  an  equivalent  of  hydrogen :  but  lustcad  of  pur 
>eid  being  liberated  at  the  pontire  plate,  carboaio 
quantity  of  an  ethvrcnl  oil,  with  a  pnrLiuii  of  uudccoai| 
•cid,  air  mti  free.  Tbi&  eibcrea!  oil  consists  chicflj'  of 
batyl  (C,II,)^  the  radicle  of  tbc  fourth  alcoboL  No 
CBCftpa:  the  taleric  acid  baring  undergone  o&idaLioo  in 

iDdicaml  by  tbc  followiug  ^ytnboU : — 


C^kn. 


A«i«. 


a(KO.C|,H,OJ  yiebfa  K,;  aCj,H,0^:  and  K,+  a  ll,0,| 

«;KO,HO)  +  H,;  whilst  a  C^1I,0^ breaks  up inta(c]fHi,+J 

Ower  valta  erf"  the  Mine  claas  of  acids  preitciit  ani 
Bonma  :  the  acetat«8  yield  tncthyl :  the  lmtynilOi,trityl 
%mJ,  geiierally,  it  i*  found  that  on  decomposing  tbc 
MMfic  grotip  by  the  voUaic  cunx-ut,  tbvy  jicbl  at 
«toi.'«vde,  carbonic  acid  umI  the  radicle  of  the  alcohol  11 
■  them  in  the  Kn».  Ilcnre,  Kolbc  was  lal  lo 
■  '.'I  tbu  group  as  coupled  osulie  M-itU ;  pbcJi  acjii 
of  tbc  iwnirular  alcohol  which  i>  separated 
iJ*  i  fat  iustotire ; — 
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Kullx^ 


Cn-faxil). 


^ Antic  wad  =  nO,(C,HJC;0,  or  Mrthvl-formic  nO.Ca(C,HJOj 

?ropiomc  =  I10,(C\Hj)CjO,  or  Ethyl'-formic     HO,Cj(CJI,)0, 

Buijnc  =  IIO,(C,II.)C,0,  or  IVityl-fonuic     HO,C,(C„H.)0. 

Valeric  =  HO,(C,HJlCsO,  or  Tutryl-formic    IIO,Cj(C,U;)0,  ; 

lo  OD.  Gcrbardt  prcfcre  to  regard  them  u  derivntiTei  of 
lie  acid,  in  which  tlir  liyHro2:cn  of  the  formic  *ciii  is  rii-^iplaccd 
the  rsdiclea  of  the  alcubuU  :  llii«  view  acvorcU  equally  well  with 
|lW  retntts  of  electrolysis,  and  is  cert^nly  more  in  harmony  with 
'  Ihc  present  state  of  our  knowledge  of  the  mode  in  nliicli  chemical 
compoinids  arc  fomittl.  Sucli  if  »iippo»ittoii,  honcvcr,  docs  not 
iadi^atc  kiijr  theory  as  to  the  molecular  conalitiitioii  of  formic 
teid;  it  merely  atateit  that  in  whatever  way  formic  acid  be  poh- 
ftituted,  the  higlirr  acids  of  the  group  arc  prol;abty  timlUr  ia 
Ihcir  atomic  arrangement:  furtnie  uoid  might  therefore  ][)OftsibIi 
|le  an  OLido  of  i  radicle  which  itself  coiitsiuR  oxygen  : — 

Formic  acid  would  then  bo  .  HO,  [Cj(H)OJO 
Acetic  acid  „  .  HO,  [C,(C(H,)Oj]0 

Propionic  acid        „  .  HO,  [CjjC.HjO^lO. 

Some  ditllculty  'i»  experienced  in  procuring  the  soluble  salts 
4f  the  higher  fatly  acids  in  n  state  of  purity,  ainec  few  of  lliem 
crrttallixc  readily  from  their  aqueous  solutioDs.  The  baryta  talis 
|wbeD  soluble,  however,  generally  admit  of  being  procured  iu  well- 
|defitied  fonits.  The  solubility  of  the  baryta  aalc»  decreases  as  the 
iuuniber  of  atoms  of  carbon  in  the  acid  increases. 

The  boda  salts  of  this  group  of  acids  are  all  soluble  iu  hot 
valer,  and  are  tlwrcforc  etisily  prepared  by  boiling  the  fatty  acid 
ttiih  a  slight  excess  of  the  alkali.  This  excess  of  alkali  may  be 
fcanoved  from  the  soda  salts  uf  the  higher  terms  of  the  »cries,  by 
taking  advantngc  of  their  insolubility  in  a  eoiicentrstcd  solution 
of  chloride  of  sodium  ;  for  ii»  »oon  an  the  solution  of  the  soap  ia 
poored  into  strong  briue,  the  soda  soap  i^  separated  in  the  form  of 
I  curdlod  granular  mass,  which  eau  he  easily  collected  on  a  linen 
Mier  a»d  pressed,  whilst  the  excess  of  ifoAa  remaiits  in  ttolution 
«:th  the  chloride  of  sodium.  The  coagulated  soap  is  then  to  be 
nr.diaM)lved  in  water,  aiid  salted  out  once  or  twice  wore :  finally, 
the  K>da  tudt  may  bo  purified  fix>ui  the  cliloridc  of  sodiuia  by  re- 
RTrtalliaatJoo  from  akohol. 

The  foregoing  proccaa  cannot  be  adopted  with  the  potash  salts, 
•iaco  the  potash  soapa  arc  decomposed  nlicn  mixed  with  chloride 
of  •odioiD,  a  soda  sonp  Ijcing  formed  whilst  chloride  uf  [x>tas8iuio> 
itiBaiw  in  solution.     Chloride  of  potassium  canoot  be  dub»titutcd 
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for  cliloridc  of  sodium  in  ulting  out.  since  Uie  totjA 
soluble  in  a  nolntioit  of  diloridv  of  [xitavkiQin.  Kite  a 
\t»cA  in  tli^  preporatiou  of  t1ic  |»irc  potash  utlts  eotHii 
— in  builiug  tlie  acid  witb  au  excels  of  cnrhonate  of  (m 
ntjng  tbc  solution  to  drjocss,  Rod  tbcn  ecpiiratin)!;  th« 
Froru  tlie  exccia*of  carbonate  b^  dUsolriug  tlic  »oa(i  in 
fvnporntioa  of  tlie  alcoholic  isolation,  the  poU«li  uUt 
acid  may  gciiLTally  be  obtaiucd  in  crjr sUls. 

TUc  insoluble  miiijm  tnav  be  protnirtid  by  i1outi1e(1c< 
E  pure  xud  rnlber  dilute  soliiliou  of  tlie  iiotattli  or  of 
bciug  mixed  with  a  dilute  soluti<ui  of  a  salt  of  tbc  m 
KucK  ks  sul[>hate  of  copjicr,  acetate  of   lead,  or  tiitni 
accordiDg  a»  a  coinjmuud  of  copixir,  of  lead,  or  of  silfi 

Tlu:  fotloving  tAblc  iudicatc^  tliii  compOBitioii  of 
{be  aoeiio  aeries,  and  the  nidting  {>oiut  of  euch  B<i 
touroe  whence  it  is  uhtaiuul : — 


Boil  ootfi 
oxalic  aril 
ti»n  ol  as 
olbcr  QtgM 

DistilUtiou 
wood  i    o: 
of  alcoficiL, 

Fcrm^iiiAti 

Uutlcr  1 
tation    of 
■ctd.  \o. 

Vsl«riBB 

oxidation 

•rl  oil. 
I)ui(«r. 
C»»tor  oil 

tillBliou. 
'iitli'r;  eooM 

rtniom. 
Butlar  i    q 

usiiUtiiiB. 
<.'iMK)«>nut 

lb* 
N<i 
nut 

«■». 

BoU 
Bon' 


(il04)  Formic  Acto  {HO,CjnO,=s9+37).  Sp.gr,  q/ liquid 
i-isaya/ja*;  0/ vapour  z'jt^. — ThU  ilcuI  dci-ircit  it*  name  from 
theciratunKtaticeofils  liaving  bi-cu  fint  obtained  from  tiie  Formica 
lyfa,  or  red  uiit,  wliicli  whrn  irritated  ejects  a  concentrated  ncid 
ttquid,  which  produces  a  »ttugi»g  KenMation  wlion  applied  to  llic 
^ia  :  tlic  Miiuc  acid  ie  excreted  by  several  otKor  insGRls.  It  Is 
alio  found  in  a  free  »tate  in  the  leaves  of  the  9tiiiging-u(?ttle 
\irltca  urens).      Forinic  twiil,  liowerur,  ili-rive*  its  importance  froin 

f£  (arifity  of  cbcmiciil  reactions  Ly  which  it  is  produced.  It  is 
fretjueiit  [irodnct  of  tlie  oxidatioa  of  organic  bodies  ;  tliose  wliicti 
l<loag  to  tlic  ainj'liiccous  group  yield  it  by  vnrioiut  proccM€»  of 
Oxidation  ;  such  as  by  lieating  tliera  with  hydrate  of  jiotnAli,  or 
■ttk  cbroiuia  acid,  or  nitb  a  mixture  of  sulplinric  acid  and 
peroxide  of  iDatigoncsu.  \Vbcii  grape  eiigar  is  trituratud  with 
peroxide  of  lead,  water  ia  eliiiiiiint<^dj  and  a  mixture  of  carbiiiiate 
and  Ibrmiate  of  lead  is  produced.  Gelatin  and  tlic  albtiaiiiiotil 
bodies  also  yield  it,  mixed  with  a  variety  of  other  prodiicta,  whoii 
thry  arc  :<iilimittvd  to  the  oxidixinj;  influence  of  chromic  acid,  or 
|Bf  a  mixture  of  sulphuric  hckI  and  blitck  oxide  of  inaiifjanoso. 

■  Preparation. — ^Tlic  prepamliuH  of  formic  add  may  ho  elToctcd 
^h  tbe  lalnratory  iu  several  ways. 

H  I.  Itcrthclot  has  recently  CBtablidhtMl  tlie  iinportaot  fact  of 
Be  ajrnlheeia  of  fonnic  acid  by  actiug  upon  moist  hydrate  of 
^■tMb  hf  mcaoa  of  mrbunic  oxide:  tbe  gas  IjL-comrai  elowly 
Bmorbcd  wtkon  exposed  iu  coutoct  with  the  moiateaed  alkali  to  a 

■  Urmperature  of  1 1 2*  >— 

ko,»o+c,o,=  k:o.c,ko3. 

*  TTifi  qoantity  of  tbe  acid  ohtained  in  this  remarkable  reaction  is 

kEojuuall  to  furaish  an  available  source  of  tbe  acid. 
r     s.   Oxalic  acid,  whea  mixed  with  an  equal  btdk  of  aand,  and 
iiilillcd,  may  «l*o  he  employed  as  a  aource  of  formic  acid,  wliilst 
cutnuic  acid  is  expelled  : — 

OuUc  Mid.  Pamriri  Mid. 

a  HO.Cp,  =  Ho,cjia,  +  c,o.. 

I  tn  llie  ordinary  mode  of  conducting  this  operation  a  lar^ 
Rtatity  of  the  formic  acid  is  !t<elf  dcTompoitcd,  owing  to  the  high 
popenturc  reqnirwl  to  efTei^t  the  distillation ;  viaUsr  and  carbonic 
wie  beiug  the  result  of  ita  deoompo»ition  : — 

I  BerUidot  has,  liowcvcr,  succci-ded  iu  rendering  tbia  decom* 
■Hrion  perfectly  manageahk  ia  tbe  following  manner : — 
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%  lb.  of  syrupy  glycerin,  and  4  or  5  omiccs  of  water,  arc ; 
ID  ■  retort  into  which  2  lb.  of  commercial  oxnlic  acid  linvc  b««a 
iiitrodiicrd  :  a  r<H^nvcr  is  tben  adapted  to  tho  ratort,  and  the  tem- 
perature is  gradually  raised  to  z\  1"  or  2:0°.  13risk  cffcrTcsccnce 
sooa  cnsnm  owiug  to  the  escape  of  pure  carbonic  nciil :  in  about 
fifteen  hours  the  whole  of  the  oxnlic  aoid  ib  doeomposcd ;  a  finiftll 
quantity  of  formic  acid  will  be  found  condcused  in  ibc  recci*^ 
but  the  greater  portioti  remains  in  the  retort.  A  pint  of  vraterfl 
next  addod  to  thi-  contont*  of  the  Pftort,  and  the  solution  is  <^H 
tilled,  adding  fie^h  water  aa  fast  as  it  evaporates.  When  a  gaildfl 
aad  a  half  or  two  gallons  of  nater  bave  thus  been  diatUled,  dfl 
whole  of  the  fi)riiiie  aciil  will  Imvc  piuned  over.  The  glyceifl 
which  reniBius  in  the  retort  may  be  umpluycd  as  befsre  to  deoo^f 
pose  a  frceh  portion  of  oxalic  acid,  and  the  same  Bcrics  of  opc'fl 
tiuns  may  be  repeated  with  the  itninu  qiinntily  of  glyatnn  for  ^^ 
indefinite  imniber  of  times.  Cn'atallized  oxalic  acid  thus  furnid)^| 
raore  llian  a  third  of  its  weight  of  mouobydrated  foruiic  acifl 
This  i«  the  be^l  and  moist  prodiiclivc  prucvKs  at  present  known  B^| 
the  preparation  of  formic  acid.  The  principal  precaution  rcquir^| 
ill  not  to  hHow  the  temperature  to  rise  too  high  :  if  it  reach  i^CH 
or  590*  the  formic  acid  itself  ia  decompcwed,  and  an  erolutiou  ^| 
pure  carbonic  oxide  takes  place.  This  reaction  may  be  taken  a^| 
vantage  of  in  order  to  obtain  pure  oxide  of  carlion  by  meam  H 
oxalic  acid.  The  glycerin  acts  in  ooine  manner  uuknuvn  H 
favouring  the  decomposition  of  oxalic  acid  at  a  lower  tcmpcnttti^| 
than  would  occur  if  beat  alone  were  employed  to  cffeet  t^| 
metamorphosis:  uo  chemical  action,  so  far  a»  is  yet  uccrtaiolH 
taken  phiceM  between  the  glycerin  and  any  of  the  eompounds  ca^| 
oerued  in  the  reaction  (^An«.  de  Chime,  lU.  xlvi.484].  A  soloUH 
of  uanDito  acts  upon  oAalic  acid  at  2l2°j  iu  a  manner  similar  H 
one  of  glycerin.  H 

3.  Formic  acid  may  also   lie  obtained  by  the   oxidation  ■ 
metbylic  alcohol  iiuder  the  influence  of  finely  divided  platinum  :fl 

Wood  ipiril.  Formli^  Hid,  ^H 

Tlic  oiiiIation,bonrevcr,  is  very  liable  to  pi'occcd  too  far,  water  a^| 
carbonic  acid  being  formed  in  Inr^e  quantity  : —  H 

4.  The  method  which  has  generally  been  resorted  to  fbr  tH 
preparation  of  formic  actd,  is  one  discoTpred  by  Dobereiucr,  afl 

modidcd  by  Ltebijj.     Tlua  con«U)tA  io,  vsii-uig  in  n  very  capaciefl 
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'  detitoxide  of  manganese,  ami  4 

Bcid  arc  then  aildet)  hy  degrcen. 

8  or  10  tiiiiCM  it«  bulltj  From  tho 

lie  acitl.      VVIiud  this  has  ccftKd, 

anil  an  impure,  diUitc  formic  acid 

hy  cxrUonatv  uf  lead,   and   the 

lisation.     VYbea  this  ault  is  distilled 

J|ihDric  acid,  tim  pure  inuiiohjdratcd 

fdratcd  formic  acid  is  a  fuming  liquid  of 

^t »  estrenieljcorroftire,  aiul  occai^ioua  vesi> 

r»res  if  dropiwd  ujiou  the  skin.      Below  33"  it 

Imit  noales,  aad   boils  at   2zi°'5,  vieldiiig  nn 

iiir  which  burtis  with  a  blue  tiarae.      Fonuic  acid 

liM  hydrates  with  iraU-r,    HO.CjIIO^,  and  110, 

tra»  Diisi]<!cesefhl   in  his  attempts  to  (trooure  the 
lie  acid. 

-Formic  acid  !»  ronstderpd  to  be  monohiwic,  but 

](a»h  and  aoda  may  be  obtained.     All  the  formiates 

Fcmniate   of  toda  (XaO,CjllO,+ 3  Aq)  assumes  the 

ihic  jirisras,  wliicli  arc   sliglitiv  dcliqiiciKcat.      For- 

fta  cr^ktallixea  rnndily  in  briltiant  anhydrous  prisms. 

ieoii  tn^uires  about  40  parts  of  cold  water  for  solu- 

Is  freely  soluble  in  hot  water,  froiu  which  it  cttbUiU 

prismntie  anhydrous  iitfillce.     If  a  current  of  sulphur 

11  be  iiomcd  over  this  salt,  white  it  is  geutly  hculcil 

•ullihidc  of  lead  in  formed,  «ud  a  tnoikohydntte  of 

IcI,  and  may  be  eolleeted  iu  a  suitable  reecivcr.    A 

sic  /anniiUe  of  lead  may  also  be  ol>taiiied.     Formiate 

),Cjn<)^+4Aq)cry8talliw;n  in  large  blue  rhombuidal 

double  salts  with  the  formiates  of  baryta  and 

i«  rtuily  rccoDTcrled  into  oxalic  acitl.      If  a  mix- 

lof  aoda  and  hydrate  of  bnrytn  be  heated,  hydrogen 

an  oxalate  nf  one  of  the  bases  is  formed  ;  2  atoms 

-ing  the  elements  of   1   atom  of  oxalic  acid, 


vaitm,twhmmgar,  chaff.bran,  sairduiit,  tartaric  acid, 
fornunA  in  this  operatwa  nith  more  or  leaa  «Q«ct. 
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Bf  ft  MiYiuger  licat  tbe  oxalic  scid  is  decon][>o»H, 
acid  is  formed.     Clilorino  converts  formic  «:iU  caliidjj 
diliiric  and  carlKinio  ncids.      Nitric  lu^id  am)  titlirr  oxidii 
convert  it  iutu  carbonic  acid  and  iraler.      Fonnii^  odd 
reducing  agcut,  the  free  add  at  a  boiling  tcmpcr»turc 
salts  of  silver,  uf  Dicrciirj',  of  gold,  nnd    of  platiuuiTi, 
carbonic  acid  is  erolired.      ltsreduciiigact:ou  iifion  cUeJ 
of  plstiaum  majr  aomctimeft  serrc  u  au  iudicatiuQ  of  the 
of  formic  acid   in   voliilioi).      The   formiatea  m 
ttrong  sulplmrio  acid  it)  cxccsn,  jHire  fiarbonie  oti 
Ijeing  the  sole  producUi;  HO,C3HOj=CjO,+ lip^ 

(1105)  2.    Acinic   Acid    (HO,C,H,Oj,=9  +  50 
vaa  one  of  the  earliest  known  of  the  ur^ntc  ncidv, 
of   the   mo:>t  importxnt.      In   a  dtlulc  fnnn,  luixctl 
iiu[)uriti»  of  rpgetable  origin,  it  constitutes  ordtni 
vliicb  rare]]:  contains  luorv  than  5  per  cent,  of  the 
•cid. 

Prrparatioa. — The  existcooc  of  acetic  actil  in 
plants  liaa  not  been  ntisluctoriljr  proved,  but  it  is  fn 
ciiillj:  iu  B  variety  of  ]iroccsacft. 

I.  A  large  qnantity  U  fumialied  during  the 
tillation  of  wood  in  irnn  retorta  bjr  means  of  a  hi 
raised  to  low  redncsa.  Tlie  wood  i»  usuallj  placed  in 
ill  loose  iron  cums,  bv  nbich  nicaua  tbc  vhargc  cui\ 
intioduoed  wiltiotit  ]o»,  ahilc  tbc  retort  is  still 
diarcoal  can  be  willidrawu  whai  the  diMillaiioii  is  cxnai 
hardcv  kinds  of  «rood,  particulnrly  Oic  oitk,  liecch,  bin 
arc  those  which  >'ipld  it  nioi't  abundantly,  the  cinan 
TarjrJng  from  I J  to  3I  per  cent.;  the  crude  add  thiM 
callod  in  the  arte,  ptjroiigneitua  acid.  A  lar^  quant 
DiBtter  eome*  over  dnriiig  the  operation,  ooconipat^ 
roUtilc  and  inflammable  Imdics,  among  which  hiioi1*bc 
of  methyl,  and  ocrtone  )imlomitinlc.  ThcMi  bodies  ut 
iu  suilablo  rcraiveni,  whilst  in  aildition  to  eartti-tuic  1 
siderablr  qnantaty  of  eomhnstibte  ga»Gs,  ouniposed 
hydrogen  and  rurtwuic  oxide,  arc  directed  into  ilic  fu( 
Ikcyscnc  as  fuel,  and  aid  in  beating  ibe  rt-turts.  ] 
hnnn>,  or  a»  soon  as  the  ga>ca  cea»c  10  earapr.  tbe 
cyliiMlcn  coiitaiiiiug  tlio  wood  arc  witlidrawu,  and  I 
eJowd  with  an  tur-tight  enver,  so  ai  to  allow  the  cbu 
rxriiidcd  from  the  atir  The  emdc  acid  U^M 

fcrco  collected  ia  »hi' ^a  »a  4»3SLU;d  fmi^V 
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lUtcd    to  distilbtioD,  farnUhe?  wood  n^htha,  wliicti 

llie  naore  Yolatile  portions;  afterwnnU  the  acetic  ficid 

1;  the  latter,  however,  ii  alwaj**  uccompuiicd  by  tarry 

la  onlcr  to  get  rid  of  these,  the  liquid  ia  neutralised  by 

Utiau  tif  milk  of  lime,  or  of  curbonato  of  wdn ;  r  quantity 

to  the  eariace  of  the  liquid ;  ou  standing,  this  is  akim* 

aud  the  solution  of  crude  acetate  tims  obtaiacd  la  «irapo- 

\mat\  the  dry  residtic,  if  kkIs  l>e  iiBpd,  cAiitiouiily  roosted  at  • 

tnre  of  about  5Co'^  to  expel  the  tarrv  lunlttTs.    It  is  ofU^r- 

ilred   iu  water,  decanted  from  the  carhouAceous  |>ar- 

:uv  nllowrd  to  «iib>iide;  then  rtcrysuUizeil,  tind  «iib. 

to  dutillatiou  with  sulphuric  or  with    hjdrochloric  ucid, 

being  prcfcrahle  when  acetate  of  soda  is  employed, 

^yftrocliloric  arid  nnKwcra  be«t  wlicn   acetate  of  lime  i* 

Tbe  grcntcT  part  of  the  acetic  scid  cuasumed  in  the  art«  in 

try  ii  obtaiued    by  this  method.      The  hlaek  acetate  of 

i»«(l  by  utamtiDg  the  crude  pyroligiicoua  add  after  the 

td  solution  has  been  bailed  witb  a  small  quantity  of  sul- 

lead  iu  order  to  remore  colouring  matter,  is  also  Extcn- 

■ployed  io  proparing  r^rf/i^wor,  a  rough  nectatc  of  nUimina 

ilbe  cmlttxvprinter  fur  fixiug  titc  rod  dye  of  madder  upon 


talcing   advantngo  of  the  insolubility  of  Guli>hatc 
|ia  acrtic  acid,  obtain*  a  nearly  pure  add  at  once,  by 
nlphuric  and   to  flow  into  a  deep  vessel  contsiutag  a. 
solution  of  the  acetate  of  eoda,  in  the  proportion  of 
|g61b.  of  oil  of  vitriol  for  every  loolb.  of  acetate  of  wda. 
koric  acid  is  caused  to  flow  quietly  under  the  nail  without 
it,  in  onlcr  tlutt  the  beat  developed  by  the  rcactioa 
moderate  ;  the  mnterials  are  then  alowly  mixed,  and 
jnir  for  a  few  hours  the  dccomjiOBition  is  oouiplctc;  the 
of  tbc   TttBcls   gradually  etpuratc   into   two   layers,  the 
oontatniug  the  concentrated  acetic  acid,  and  the  lower 
of  lulphato  uf  »»da.     The  acetic  acid  ia  drawn  ofl' 
IQO,   and   ia   aficrwards    rendered  pure  by  disttllal^on. 
traces  of  empyreuinatio  matter  may  be  got  rid  of  by 
&QIII  a  ffmall  quantity  uf  bichromate  of  )iota&h. 
IB   nnriilric^  ^rhcre    alcohot    ts   cheap,  and    particularly  in 
4eid  i»  picpared  on  a  large  scale  by  the 
.  i-j  the  mauner  already  deacribcd  (107S},  the 
,1  Riadr  to  trickle  alowly  o?er  a  largo  surfAce  of 
>*itifp  eoulaincd  in  rata  of  aaitnhie  oonstnictJon. 

fimym-.^-Tite  rtatfgar  nii'cft  ts  most  estconed  for 
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nUinarj  porposes  b  lliat  prepared  fratn  vine;  it  i« 
■aasabctared  in  Fnuice,  froiD  tbc  lu-csixut  riLrictits  at 
wiDc  is  introdacvtl  into  Ui^c  ciiak«  capaljlc  of  ootitaini 
gaUoQS  each ;  thejr  are  amngcil  in  rows  in  a.  «hed, 
tun  of  which  is  kept  At  from  7,^  to  85°.  Tbc 
these  ca»k»  is  partially  open  to  alluv  the  access  of  »ir. 
quantity  of  good  nucgar  at  a  boiling  temperature  is 
ia  CAch  cask,  and  ensrj  eight  days  a  few  gallocu  of  fra 
added  until  the  nwks  arc  about  two-thirdft  full.  Id  I 
night  froto  this  time,  the  acidiBcation  is  com|)lete  :  %■ 
of  the  Tinepir  are  ibcii  drawn  off  from  each  caxk,  and 
■re  a|min  filled  op  to  the  same  i-stcot  with  a  fresh  t]Ut 
vine  to  be  ackliGed.  It  tsfoand  that  the  ncctilioatign 
ntich  less  rapidly  in  new  rasks  thaa  in  those  which  ba' 
for  this  parpoM  for  some  time.  In  the  old  caaka  a  qi 
^tatinoQ»  «onfen-a  becomes  developed,  atul  this  buImI 
baa  received  the  name  of  notker  of  vinegar,  favour*  th 
of  oxj-gcu  by  tbc  alcohol,  in  a  manner  which  is  rap 
Mucvhat  aualogouft  to  that  iu  which  (ilnliuum  black 
nmilar  circiunstaikoea  (Sjt^)- 

Tlic  following  method  of  preparing  vinef^ar,  coutri 
liaavc,  in  »iitl  practtK.-d  cxteiinTcly  : — Two  Ur^'e  vata  s 
vided  with  a  f«l»e  iMttom  supported  at  a  height  of 
aboTe  tlie  door  of  the  vessel.  Kach  Tat  is  filled  with  v 
and  raprt,  or  the  foot^tnlk*  and  f-kios  of  grapes  ;  tlie  I 
charged  with  wine,  one  of  tbcm  being  tumplutely^  fiUi 
oU>er  ouly  half  IJIled.  In  lliie  state  the  two  veaaola 
twcnty>four  ln>urs  at  a  tcmperattirr  of  ^5",  At  tUc 
this  time  (he  rat  which  had  been  left  ouly  half  full  i«  fil 
tlie  full  OIK,  and  thus  every  tventy*four  hours  a  port 
wine  is  transferrGd  olteniRtcly  from  one  vat  to  the  c^ 
acetification  goe»  on  most  rapidly  iu  the  rat  whiuh  e 
full,  and  iu  this  a  seuaihic  ete%-ation  of  teai|icratiLre 
oeiTed  after  tlic  first  three  or  four  dors,  but  it  kh< 
allowed  to  rise  beyond  Kc^.  The  process  Tr(]uitet  from 
to  three  weeks  for  ita  completion,  acoonliug  to  the  tom 
the  almoH))tieTe  at  the  time,  llic  rinegmr  is  finally  dm 
settliu);  casks,  and  when  clear  ia  fit  fur  mc. 

4„  Infusion  of  malt,  weak  tolutious  of  st^^,  and 
turcs  of  Btareh  with  yeast,  fumiah  *eTj  bockI  vi-  -j  — 
n  tho  prmciiml  variety  or%iiKear  employed  ■ 
in  linglaiid.     Acvording  In  Vre,  a  good  vineRar  tor, 
may  be   pre|iaK^  V;(  tMw^  ^A  ucli  gall 


ruLAZioN  ixt)  rxorKRTics  or  acetic  jIcio.         33!) 

'l-jlh.  of  Biigar  ftnd  l  gallon  of  water,  a  <iuarter  of  a 
Bpt.  1/  kept  fur  Iliree  i1«>"k  at  n  temperntun:  of  75'  or 
^k  raffldcutly  ocidificd  Uj  nllow  of  being  drawn  of)' 
^Bening  ca»k,  where  1  uiiqi-c  of  hruiHcd  ruiMiiM  nnd  1 
^^ide  tartnr  nrc  to  tic  aitdrd  to  rnch  t^allou  of  liquor, 
r Awcct  taKtr  ))u  quite  dinappearcd,  it  nliunld  bt^  drawn  off 
m  aud  ccirkeddowD  tightly  ;  it  isetated  that  suoh  vine^r 
in  5  pi'r  cciiL  of  pure  acetic  acid.  In  all  cases  wbi>n.> 
rortucd  by  tlic  oxidattoti  of  alcubu),  it  18  iicccMarj  to 
t  alMcirptionof  oxy^n  and  the  process  of  acotificatioii,  by 
toe  of  ycHfll,  or  of  Home  albumiiKiuti  ninttcr  such  an  ik 
eontMitird  in  wliition  in  tbe  juices  of  plants  or  iu  vcgr- 
Wona    made  at   ordmarj'   temperatures.      A  pure  dilute 

Ehol  in  not  susceptible  of  aciililicalion  l>^  e:ipo»urc  to 
fd  bj"  tlic  fore^iDg  nctbads  from  fermented  or 
-  (yii)lniiis  a  brge  qunaiity  of  forri^  matters, 
oi  vhich  it  may  he  I'rccil  by  Biin)dc  distillatiou : 
Bquid  whicti  oomes  over  constitutes  vLat  is  known  iu 
f  afi  dulillcd  rinegnr.  'llic  strength  of  any  vinegar  i»  be«t 
pi  by  iluttuiuiDiiig  tbc  quantity  of  Buhydrous  carbcmntc 
ttiich  a  given  ftciglit  of  !t  wil)  neutrallicc :  loo  grains  of 
Htl  soda  cori'tspondiiig  to  96'}  grains  of  the  aiiliydcciK 
lire  mnttt  be  taken  to  axiertBin  the  abacucc  of  sulphuric 
Dthrr  avid  ncce^tt  the  acetic,  when  opcratiug  iu  tliis 
dal  vme^r  is  allowed  by  law  to  contain  rJ-.-v^b  of 
•iilphuric  acid;  the  presence  of  which  pretent  the 
bcnomiug  mouldy. 

aoctic  luntl  is   best  procured  in  a  pure  fonn  by 

pUPtv,  or  1  equivalent,  of  fuMs)  acetate  of  soda,  with  9S 

[T  'I'litv,  of  oil  of  vitriol,  at  a  gculle  heat,  uud  recti- 

I  om  a  *mnll  quantity  of  biehromate  of  potash. 

of  lend  may  be  substituted  fur  the  Hoda  salt,  but 

[ibau  i  equivnlent  of  the  i<alt  niu^t  be  takcu  fur  each 

uil   uf  ritriol,  itiid  the  mixture  must  be  digotrd  for 

distilling.     Kitlier  binacetnto  of  potash  or  acetate 

ben  nbruitled  to  disUlIation  without  any  addition, also 

con et^u (rated   acid  vith  facility  ;   but  when  prepared 

it  in  liatile  to  be  contaminate!  with  acetuue. 

tier  of  Acelic  Ar'ut. — Normal   acetic  add  (110, 
063  «t  'i  J°)  is  liquid  nt  temperatures  nlxivc  6^  ¥., 
It  (t  eryHrolhzcs  in  miliatin^  tads  of  pJat«8.     It  tnay 
aV  jtrvportieaa  «itb  water,  and  its  density  increaicS 
X  3 
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oa  dilution,  until  ne&rljr  onc-thiri]  of  its  weight  of 
added,  wlien  it  ooutoins    (HO,C,H,0,+ a  Aq)  wiih 
■'079.     If  il  be  (\irtber  diluted,  the  detiait/  ditui 
to  the  ordinary  lav.      In  conM^jiicmoo  uf  this   ktioma 
(Irafcd  acetic  arid,  and  the  lame  ncid  diluted  with  an  1 
of  water,  po«MM  each  the  sp.  gr,  1*063.     Tlie  cc 
I1B8   a  sharp  aromatic    taste,   and    a  pcctiliar    punj 
bliatem  the  skin  if  applied  to  it  for  a  vulTiriuut  Icjigthofl 
boiU  at   243°)  ■'"d  may  be  di»tillcd  uuchaugcd.     "Hie 
this  acid  is  iuflnmmnblc,    produciog   by  its  uoualrnvnao  1 
ciarbonic  acid.     The  rapour  of  acetic  aeid  exhibits  an  a 
dilatatioD  when  exposed  to  a  gradually  rising  tcmi>crataR 


At  69*  tlic  dentiity  ia  3*95 
At  357*     .,  „       32 
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At  39a*  Ilie  dctwity_2 
At  446° 
At  460" 
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and  hcyond  this  it  undergoes  no  rnrther  altrration 
ia  itself  dceom posed.      At  446^*  and  upwards,   1  nco<[ 
follows  the  usual  law  of  yielding  4  volumes  of  CApotif 
(1108)  Atrtic  anhydridt  (CJljO^,  C,ll,OJ  :  ^| 
9i  69",  1073  :  ofvftj»ottr  347  ;  BoUitgpl.  i~*j^5.~'\ 
iraa  obtained  by  Gcrhurdt  by  Mvcral   methods  ;  bu 
conriat*  in  distilling  3  parts  of  osychlnride  of  plio 
6\  of  anhydrous  acetate  of  »oda,  returuiof;  the  tiquid 
over,  upon   the  residue,   and   r<-dietili.ing,   uutd   tlu? 
chloride  baa  disappeared ;  tiiudly  tbe  liquid  is  roctilie 
colourless,  very  mobile  liquid  of  high  refracting  1 
piuigcnt  smell,  rrwmbliiig  that  of  acetic  uojd,  .       . 
of  the  hawthoni  hloasom.     It  emits  a  rapoar  wttieli  ■  | 
irritating  to  the  eyes.     Acetic  anhydride  does  not  n.     ' 
with    water,   but    liints   through   it   in    oily   drops, 
slowly  diasivlvetl,  evolving  beat,  and  forming  the  ordinxij:| 
acid.     This  auhydride  ijrwlunlly  ubsorbfl  motnturi    ' 
and  hecooics  courertcd  iiilu  bydratcd  acwtio  acid, 
rapidly  upon  it,  nn  inAammnhlB  gas  being  given  offj 
pound  bein^  by  def^ce^  conrerted  into  a  crystalline 
drons  biuacotatc  of  pota*h  (KO,  a  C^lJjOj).     TTie 
is  also  formed  by  diMotving  dried  lUKtale  of  potAah 
(Iridc. 

(1109)  Aectatff. — Acvlio  add  i*  innnolMrie.     lCp| 
arc  )tir»('ly  used  in  tti«  arts.     AettattaJ  Pultuk  (K( 
vhicb   la  employed  mGdic\uB^\]  iu  %  &Aiu(Aii£,'4 
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>deljqii(scciil,    fa«ible  s&lt,  ftbundantly    soIuUe   in 
It  combidcn  with  «  ticcODc]  ctiuivolciit  of  acttic  noid  tkIibi 
in  tbi?  concctilraled  acid,  aiid  Corm*  a  oryiitallixnMe  hin- 
tluch  Mrhcu  i*u)>jcct£(t  to  distillation  is  do«ompoecd  into 
lijilraled    acetic  aeid  luid    normal  acetate  of  potash. 
Soda    (>IaO,C,HjO,  +  6  A*i  =  82+54)    crystallixe.   in 
ibic   prism«  :  it  fu»c«  readily.     Tlii*  fnit  is  prepared 
qaautiticA    cluriug  tlic  purifiottioa  of  wood-vinc-^ar,  the 
^""'lig  netitralijwl    MKnetimea  directlj  hy  means  of  car- 
•oda,  or  aoila  n«h  ;  bnt  iu  mauy  manufactorice,  all«r  tho 
has  hrc-Q  neutralized  by  chalk  aiid  thus  conrerted  into 
le,  tke  liquid  is  ruiscd  witli  sulphate  of  M>da  in  tlic 
'  two  cH]ut  calrnU  of  the  sulphate  to  one  of  tlic  ocdate. 
lactate  of  MMla  ut  thus  obtained  bv  double  decomptMition, 
bcarv  cr/atalliiic  double  sulphate  of  lime  and  »oda  U 
tliicli  can    be   more  ca»ily  frcod   from   the  mother  liquor 
Ipavty  Diaas  which  the  simple  sulphate  of  lime  irould  pro- 
cure (//  Ammonia  a  a  verf  eotuble  salt,  wUtch  is  frc- 
medictnallf    at  n  diapborelic.      Acetatr  of  Bartftv 
iyylnw  fSo**  with  3  Atj,  iu  oblique  rliombic  priBms ;  at 
.Lures    its  orystalfl  aaaumc   the  form    of  tiatteued 
.1    K-Ukin    only  I  Aq:  it  is  more  aoltiblo  in  cold  than  in 
an<l    ta    slightly  soluble  in   alcohol  ;  it  is  occiuiionally 
kp?ri-i|iiCaut  foraulpburic  acid  ;  nhcn  distilled  it  fumishvv 
AfriiUe  of  Liotg  (CaO,CjII,0^=79)  crystallisea  in  silky, 
neodJes,  which  are  %'ery  soluble  in  water:  if  heated  to 
la  strongly  phosphorcsociit  by  gentle  friction. 
1 0/  jtiumina. — TIichc  oompouDda  are  cxteuBivcly  manu- 
'  tlw  aea  of  the  dyer  and  calico-printer.     The  eonimon 
prepared  by  prceipitiiting    100  parts  of  ulutn  in 
>nH  of  1 10  of  cryutalltsed  acetate  of  lead :  the  eul- 
of  the  alum  rcfnains  undecomposed  in  the  solution. 
iaiill>liatc  of  alumina  is  uxcci  instead  of  alum.     Crude 
t*  alK>  extewivcly  substituted  for  acetate  of  lead  in 
Siil^ibatc  of  Hmo  i«  precipitated  and  acetate  of 
*<:iiiii  in  sulatioD.     When  this  liquor  is  used  ta  a  mor- 
■-•il  with  gum,  v,nA  applied  by  means  of  blocks  to 
..  ctates  of  alumina  have  been  carefully  studied  by 
'  hw  obtaiuei'l  several  new  and  important  results  (Q.  J. 
n.  a  p6).      He  has  proved  the  existence  of  two  iiwohihlc 
ftf  •lumina    (Al/)^,  1  C,llp,  +  5  Aq).    and   (Al,0„ 
Aq),  bwidea  a  wliihle  binacetale  (AI,0.,,  2  C.HjO, 
etuieet  lOLtJiod  of  prepariag  the  comtucrcial  ocel&tc 
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of  alumina  eoonsts  ia  deeompoaiug  a  solotion  of 
ulniuiuB  vilb  ddo  of  accuic  ot  lead  ;  but  althoagb  3 
Mil  phuiic  acid  are  thus  removed,  «nd  3  cquivnlriits  of 
ltberat«d,  no  solid  tenicetiito  of  altimiitft  can  be  obtaUii 
liquid.     ludeed  Crura  is  of  opinion  (bat,  crcn  wlien 
the  salt  nhii^Ii  is  thus  formed  is  a  binaoetatti  of  aliimiciD^ 
an   etimv&lent  of  free  ncetic  acid,  since  tbe  liquid   I: 
ful  odour  of  acetic  acid;  AI,0^3  SO.  +  3  (PbO,C,l 
=  3  (PbO.SO,)  +  AljOj,  2  C,H,0,  +  HO,C.tI,0,. 

If  a  conccntrnt«d  solution,  containing  from  4  to  5 
alumtun,  pre^iarcd    iu  the   iiiauuer  just  <iiRM;tril,  in 
pruportioiiB  09  to  contain  a  teracctale  of  alumina,  be 
traocK  of  lead  b/ suljiiiuretled  hydrogen,  ami  from 
|j|iuric  acid  bj  aoctatc  of  baryta,  a  liquid  in  ubLained 
kept  at  between  60*  and  70**  P.  for  a  few  day?,  grndtinlly 
nhitc  coating  iijnn  the side^of  the  v(>«»ol  ;  thivdefioxit,  « 
to  bdcome  drj-  ejwiitaiiL-ously,  forms  white   ban!  pUto 
porcelain  io   appearance.      This  is  a  binacetate  of  alii 
2  C,ll^Oj,  +  5  Aq),  which   is   insoluble   in    water,    but 
nitric  add.     If  the  original  aolution  of  the  tcracftate 
be  boiled,  a  heavy  white  powder  i&  rapidly  deposited,  t.rvi< 
tion  retains  scarcclr  a  trace  of  ulutnine  :  Cruin  futind  tJi 
tflte  to  he  A  diHprcut  hydrate  of  the  bioncetato  of  ulum 
aC^IijO,  +  2  Aq).     AVIien  dilute  solutions  of  tlie 
alumina  are  employed,  no  precipitate  is  occa&ionM 
Aiderebic  exccKi  of  free  acetic  acid  be  added,      \^''hca 
of  the  teracutatc  i*  evaporated  rapidly  by  sprrailiog 
thin  films  over  aslieet  of  gloss,  the  heat  unt  t)ei>i-  -'' 
aboTO  100°  F.,  and  the  oily  drops  as  they  run  r 
^tanlty  sprciwl  out  with  u  thin  pUtiuutn  knife,  a  dry  t 
he  obtained  in  transparent  scales  (Al^O,,  2  CjH.O     - 
may  tx>  rcdissolred  easily  and  completely  in  wut' 
Many  otiicr  acctatfti  arc  also  used  aa  mocilL 


*  From  Ihiii  compotrnd,  llie  rviuirkabte  «oliilil«  bytlr«"< 
viounly  illitiWd  t<i  (jfi^l.  nwy  be  prcpar^-il  in  tb«  fMl< 

(IJute    Boluttini    of    tliia    Rolilble    hlBAMt^ti'    i'Y    i^Iur^i 

of  itn  wt'iglit  c>rotiiTiiiua.  b«  nliFpiI  in  a   ' 

water,  nutinUinrtl  at  Ihe  boitiD);  )>iint.  f/  - 

(luiilly  lotes  iut  nMriuKt-al  lule.  aiui  u. 

Jnhis  liquid  bono*  iIiIuUtiI  -^iMi  rifi 

nad  bd  tioilnl  brisk  If  in  s  ■' 

lUnti  !>  Tinr'TofsM  ii>i-li  !'i 

it  '"■  '   ■  I  UU.J"  iu  nl.^ul  ail  I 

aj  '  ,       U'  Uim^u  pajttf.     '. 
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for    BX&mple.     tlioae  of  mani/aiie*e,  sine  (ZnO.C^HjO, 
ImhI  trwn.       Acetic  acid  diHiolvca  iron  readily  with  evola- 
BD ;   tlie  crtido  ncctnb;  of  iron,  prepared  by  dissolving 
\'m  raw  wood-vinegar,  is  emploj'cd  for  preaer\'ii»g  wood 
fie**  proccsa  (960).  Theprotacetate  0/  iroH  crysXnWmn  in 
dies,  «hirh     rapidly  absorb   osvgen.     The  ptracetale  of 
I  deep  red  colour. 
0/  Lead. — Acetic  acid  forms  «creral  compouuds  with 
-vie,  the 


Nnitnl  acetate 
Sihtaqai  accia  te 
Tribuio  acuta  tc 
RoMotatc    . 


PbO,  C,H,0,+3Aq, 
3PbO,iC,HA+  Aq. 
3  PbO,  C,li,0^+  Aq, 
6  PbO,    C,UjOj-|-    Aq. 


acetate  and  the  trilmstc  acetate  are  important  salts. 
inU  acetate  o/" /^-oii  (PbO,C,H,0,  +  3  Aq=  162-6+27) 
ired  by  diflRotving  litliiurgc  iu  vsixw  of  acetic  acid  :  br 
lIu.-  solution^  tlie  salt  may  bo  obtained  crj^stalliKcd  in 
nc  prisms,  vrhi*.*h  are  sometimes  opaque,  but  gcnf^rnllj' 
it*  more  u^tial  form,  however,  i»  Iliut  of  a  mass  of  cod- 
white  crystal",  much  resembling  loaf  sugar;  it  also 
sb  metallic  tai>te,  and  from  this  circumstance  il  dcrire} 
name  of  mupar  of  iead :  \thcn  espiMcd  to  tlic  air  it  is 
It  is  soluble  in  lc*s  than  twice  its  weight  of  water, 
Hy  soluble  III  alcohol.  Wlii-ti  hcutcd  il  lirst  becomes 
faud  Uieo  fuses  to  a  clear  liquid.     If  the  btat  be  raiHcd 


iaiBtKed  with  8000  f^iai  of  sucli  a  solution  (a  qiuntitjr  Khielt 

i  at  aluniinii).  tbcwlivtviii  ('i>nT«rtfiJ  intua  iKiliil.  Lraiispareul 

in    A    ^"K  '^°  roluBM)  of  thi>  jell;  amy  be  rviluncil  to  oae. 

2'    rtutl  bulk.  I  III*  iM>lid  eoD^iilum  tvlainini;  o«nrly  thr<  wholo  Af 
.  Httticli  ain'iuaU  to  nImui  i  cigiiivuk-iit  »!'  l)i«  acid  to  15  of 
am  of  lht«  tril>w<ie  nitric  acid  jirixlui-M  as  [lonerriil  iin  eatei 
Fsolulion  a*  ;)  ^uiriK'titd  of  xuliihurit  iit-id,  and  I  atom  of 
li>l]  !,«  3  (H^tiivalcnln  (if  sulpliiiitu  .vriJ.  but  of  tiyilrMhlorio 
[cat   t  ttan  300i^iiiva]Fulenreric(juirv(l  lo  produtw  luiviTcct 
,1  1.1  ilint  occBatuncd  by  1  ctjuivak'nt  ofoulpliuric  acid.  One 
in  loco  of  water  caaxuliilt'*  ijooo  ermns  of  tlic  Boiu- 
..Slid  lliiieliav(!anii|UaUy  gjowrrlulvil'i^ct.    An  exoeu 
iff  (tiiljiliurie  or  lijiirtn'blorif  »ci■^.  (lisnolvri  th«  ■.■oaj[U' 
jjiiiiiii'n.  ititu  iti  ordinary  modilU>alioii.     ^nluliou  of  the 
■jii  M  readily  m  Trw  Htlptiurio  arid, 
i-iiditkiit,  hai  iosi  iiaponeroTiiCtiiigHBaiordBnt. 
,{^Ia>(1  Liiuai-claliiof  atiimiiia  ii  )if\A  fur  an  hour  or  l.ko 
iff  Tvnl'T  Hilli  noiislsiil  sjiitaiion,  it  liO(.<(iini>*  kfh'IimIIt 
"•r^__    cl|(>ii    !>>■  tl '(,'«•  tioti  lie  conTprlcd  iuio  (i¥«  scotic  aoia, 
t  bvJriiX'  of  oliiiiiiii*     TAi- MiJrib/.?  Jij'dracv  of  alumiua,  when 
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Xurtber,  icetoue,  0.11,0^  U  fonued,  carbonic  acid  i 
mass  Wcomcs  eolii).      In  this  tUtc  it  cooiuta  itf . 
Uad  (3  PbO,  2  CJljO,  + Aq) ;  lliia  salt   U  readily 
ajcobol  and  in  water ;  it  kaa  a  distiuclly  alkaline  i 
tal)iu»  in  pearly  scales :  the  same  salt  111A7  aUo  be 
adding  the  iieiitral  acetate  in  the  pnoportiou  of  Itj  pv^l 
^0  39 '.  >  or  1  ntotn  of  a  ooiiveutnited  boiUug  sol  utioa  of ' 
acetate  of  lead. 

Triacelalc  of  had  (3  Pl)O,CjH,0,  +  H0),co» 
Goulard't  Ei-lract,  is  preparetl  by  digeatiug  7  jaaXM 
dercd  litharge  irith  6  parte  of  acetate  of  lead,  di»«olred  1 
of  vatvr:   it  lia»  a  ettrongly  »)kaliiic   reaction.      The 
the  oxide  of  lead   is   effected   inucU    more  rapidly 
hasin  be  oscd    than  if  ooe  of  glass  or  porodaiu 
The  salt  crystalliiKs  in    opaque    needles.      F.iycu    oh| 
salt  iu  u'cll-forincd  crystals,  by  addiug  a   »oIuiiuu 
to  a  hot  BolutioD  of  i  part  of  the  neutral  acetate 
vater.    IVibaaicacetnU-urieiul  is  itiaoluble  iu  alcohol. 
in  its  aqueous  solution  and  dried,  burns  like  tinder  1 
Solutions  both  of  this  and  of  the  preceding  salt  are  1 
by  c»rbonie  iicid  ;   iiciitml  iicctate  of  lead  ts  left  iu  tlie ' 
hj-drated  oxycarboiiutc  of  lead  is  precipitated  io  silky, 
luble  crystals.     This  fact  forms  the  basis  of  the  met 
paring  nhitc  lead  (76R]. 

Acetalei  of  Copper. — Pour  of  these  compouudfl 
taiued,  rix.  :— 


Neutral  acetate,  orrerditer 
Subm-^quiacctatc      .     . 
I>iacctatc,  or  verdigris  .     . 
Tribasic  acetate 


3CuO,aC,HgO,  +  ] 
3  CuO,    CJI,0,+ 
3  CuO,    C,H,0,+j 

Neutral  aceiah  of  copper  {CtiO,C,ll  jO,  +  Aq=90'7' 
coaitnercc  under  the  usnie  of  vrrditer.     It  In  pirvpar 
a  Bolutioit  of  1  e<iuivaleiit  of  sulphate  of  COp|>cr  vitli 
of  acetate  of  lead,  also  in  solution,  and  cvaporatiog  1 
decanted  from  the  sulphate  of  Iciul ;  it  yields  obliij 
prisms  of  a  tine  green  tutuur.      By  «xpti%are  to  tlte  ail 
of  the  acid  escapes,  and  the  crystals  liecome  con 
effloHi«c(^nco  composed  of  dibasic  acetate  of  cop(Kr.    If  I 
crystallised  from  an  acid  Hitulioti  IjcIow  +0",  a  Mnc 
witb  5  equivalents  of  water. 

The  diantait  of  mpprrf  or  crrdiyrit  (i  CuU.C^l 
is  prejKtrcd  for  commercial  ^ur^osea  h^f  \,u^^^  "V  '•^^ 
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lleniftU  kjrers  of  the  fermeotuif  bosks  uf  misiiu :  after 

of  some  «n-kii  the  {ilates  of  uopper  become  covered  ttith. 

oflbc  sRlt;  lliU  u»  dvtnclicd^  miulc  into  n  thick  paste  with 

,  mnd  pressed  into  inuulda.     The  masa  thus  obtained  U  of 

I  grcm  colour,  it  is  tough  and  is  reduced  to  powder  vitli 

^y.      Ill  tliU  mode  of  preparing  the  salt,  the  alcohol  coii> 

iiQ  iJjc  grape  skitit  becomes  slowly  oxidized  aud  converted 

^tic  acid ;  tlic  inetjij  alw  absorbs  oxj'gtiii  gnuluttll>'  from 

Ij    and    the  oxide   thus   fortu«l   combines   nilh  tb«   acetic 

fe,  vheu  treated  with  water,  is  decompoaed  iuto  an 
asiv  aixtnU)  of  copper,  a»d  a  soluble  tub*t.nquiacttale 
|^CjU,Oj  +  6  Aq)  :  ll»e  Utter  wdt  may  be  obtained  in 
^H  eraporating  tlieoolution. 

r&jAa#tc  acfiale  (3  CuO,C,lIjO,-t- 1{  Aq)  i»  the  most  ttablc 
Aootaies  of  cop^Mr;  it  ftMtnnes  the  form  cither  of  bluish 
«dle*,  or  of  a  greco  crystalline  powder:  wheii  heated  to 
bocome*  anhydrous, 

e  nealral  acetate  orcopp«r  miitot  nitb   the  arMcnitc  of  this 

fenning  Scfiiceinfurt  ffrten,  CuO,CjHjO,  +  3  (CuO.AhOJ. 

':i)uc:(l  by  miugling  Iwiiiiig  eohitioDS  of  equal  weights 

B,*  ^d  iuid  acetate  of  cop|>er,  and  adding  to  the  misturc 
^t  of  coM  nater :  if  it  be  alloiFcd  to  stand  for  aome 
Dtifol  crystalline  greeu  i)i(;nienl  is  produced. 
^erliite  a/  mercury  (llgjOjCjlIjOj)  is  the  least  soluble 
aoetates  ;  it  i«  dissolved  readily  by  boiling  wattir,  but  it  is 
decoroposed  by  ebullition  of  the  solution,  and  converted 
urc  of  metallic  mercury  aud  a  sparingly  soluble  basic 
e  subacctate  eryflaltizes  in  silvery  scales,  nhleli  are 
ened  by  exposure  to  light. 
ofwilver  (AgO,C^IIjO,,=  i6j)  is  occasionally  employed 
it ;  it  is  fipariiigly  soluble  iu  cold  vntcr,  bnt  la  readily 
Bd  by  hot  water,  which  ou  cooling  deposits  it  in  thin, 
\,  aabydroiis,  nlky  needles.  It  ia  readily  obtained  by  mix- 
WMvntntcd  solution  of  nitrate  of  silver  with  a  solution  of 
>.ib,  or  nci^ate  of  soda. 

tm  arc  di^tiaguitihedby  the  pungent  odour  of  acetic 
they  emit  when   heated  with   sulphuric  ncid.     When 
lime  they  yield  aoetooe  (loS;),  which  has  a  peculiar 
emtic  odour;  wlicu  distilled  with   hydratv  of  potash 
i^kt  carhurrtted  hydrogen  ;  and  upon  this  reaction  the 
of  ubuining  marsli  ga$  is  founded  (401). 
)A  wXoXMt**  of  the  Mcetate*  give  nitb  uitntc  ofsoboxidc  ut 
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mercury,  a  prccipiUte  of  tlic  suljaoctBtc.  Auotbcr  character  it 
the  formation  with  oxide  of  lead  of  a  soluble  ba&ic  satlj  -vitli  an 
alkaline  rcactioD. 

Some  of  ttic  acctatM,  as  those  of  harjrta  atid  atrontia,  form 
double  aalta  villi  the  mtrates  of  tlioc  bases  wkea  equivalent  quao- 
titif*  of  thu  two  salts  are  dissolved  id  water  aitd  allowed  to  cnpa- 
ralc  spontaneouBljr;  the  ttrontia  salt  contains  SrO,C,ll,0,-t-Si(^ 
NO,  +3  Aq. 

(i  no)   Chhrinaled derivattees  of  aeclie add. — Acetic  a«i]  «bH 
acted  on  by  chlorine  forms  two  compounds,  in  which  a  portion 
ita  hj-drogeu  is  dispUu-xil  by  chloriuc,  viz. : — ■ 

OliWneetic  acid IIO,r,?J*]o3, 

P  TricliloruLTtic  acid MO,C«CI,0^ 

Chhracetic  Acid  (liO.CJljClO, :  Sp.  ffr.  <{f  liquid  at  iSf, 
1-3947)  in  a  coloarless  liqiiid  wliich  I1.-15  the  odour  of  acetic  adil. 
Ill  order  to  ubtaiu  it,  gaaeuua  cbloriue  is  made  to  act  aponboiliug 
hydratcd  acetic  acid,  whilst  the  mixture  ia  exposed  to  the  aun'eny*. 
The  gas  is  trnntmittcd  until  it  ceases  to  hi;  absorbed  :  the  exces  1 
chlorine  Js  then  removtrd  by  means  of  a  current  of  cartionic 
gas,  whilst  the  liijuid  i^  atill  maiutained  at  the  bodlnj;  point.  Tlie 
product  IS  fiubuiittcd  to  fractiountcd  distillntiou,  and  tlio  portieu 
iii'liich  distils  at  367^  is  the  pure  acid  :  us  it  cools  it  nolidiftcs  to  a 
mass  of  delii^uoHceut,  r1ioiut>oidal,or  acicular  crystals  futiible  at  about 
1 15°.  This  acid  forms  dcfiuitc  «alt«,  iu  the  solutions  of  wbidi, 
vltcn  dilute,  a  solution  of  nitrate  of  silver  occnsiona  no  precipitate. 

Trichloraeetic  Acid  [HO.CjCIgOj) ;  Sp.  gr.  </  crt/tlal*  rdi?: 
of  vapour  5-3  ;  Boiling  pt.  393°. — Tin*  acid  is  usually  prepared  bf 
exposing  glacial  acetic  acid  in  large   bottlea,  Bllcd  with  gawoiu 
chlorine,   to   the  action   of  the   6iiu :  about  ooe  drachm  of  acetic 
acid  should  bo  used  for  each  gallon  of  chlorine.     A  complicat(«l 
reaction  ensues,  in  which,  iu  adiiitioii  to  the  trichloracetic  acid, 
oxychttfridc  of  carbon,  and  carbonic  and  oxulic  acida  ore  formed^ 
mixed  with  an  elhcretil  compound  which  contains  chloniic.     'HB 
trichloracetic  acid  is  deposited  upon  Ibei-ides  of  the  Te!«cl  in  wbiH 
flocculi,  which  arc  very  deliquescent.     It  is  munolmsic,  and  foriM 
eotublc  salts,  noauy  of  which  may  be  obtained  in  crystaU ;  llie  tiS 
cbloracctates,   when   licntcd,  are  decomposed   into  oxvcLloride  M 
carbou  atid  carbonic  okide,  leaving  a  residue  of  a  metallic  cldoridM 
For  example : — 


OlJvNur. 


C*rt-. 
MM*. 


KO.CjCl^Oi  ^  ^LO+CjOp^+CjO . 


P       Trlch 
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Trlchlomcetic  acid  u  also  prodaccd  by  the  oxidation  of  fliloral 
bv  fumiug  nitric  acid  ;  2  CJtCI;,0,  +  0».  becoming  2  (HO,C,Ci,0,), 
■ad  tbia  is  one  of  iJic  bent  idocIcd  of  prepuriiig  it,  nnoe  tlie  exc«aa 
of  nitric  aciti  is  c&slly  removed  by  diBtilUtion.  After  the  nitric 
add  has  been  tx]iellcd,  the  residue  i»  dissolved  in  vattr,  and  errs- 
talliiKtl  by  iipaiitani-aus  cvaporutiou  over  Hulpliuric  acid,  tn  vacuo. 
Trichloracetic  acid  is  formed  sImj  by  tbc  simultaneous  action  of 
chlorine  and  water  on  prouwhloride  of  carbon;  C/'I,  +  2H,0, 
+  CI,=3  HCl  +  (HO.GpjOj) ;  it  muy  likewise  Iw  procured  by 
tlie  decomposition  of  percbloriuated  vinic  ethers  by  water  (lOJO). 

The  monohydrnte  of  this  acid  crystalliites  in  colourless  rbom- 
bobedra,  which  arc  fusible  at  115°,  and  arc  very  deliqueweiit  j  the 
acid  has  a  slight  odour,  aud  an  acrid  sour  taste.  It  blenches  the 
too^B,  and  if  np|ilied  to  the  itkin  raises  blinlen;.  It  may  be  dis- 
tilled without  dccompoHtioii,  yielding  a  Miffociitiiig  vu|io«r. 

Trichloracetic  arid,  when  treated  with  an  amalgani  of  potrnt- 
lium,  yields  chloride  of  i)0ta^iuni,  and  acetate  of  i>utaKb  ia  re- 
prodooed:— 

TrktilBnnH.  pMHl;-  Anrl,  poiuh. 

HO.C.cip,+3  K,4-a  H,0,=  K0icjV>,+3  KCl+a  (KO.HO). 

Bromacetic  Acid  (IIO,  C,II,BrOj ;  Boiling  pt.  4ort°-4)  may  be 
obtaiDcd  by  heating  in  a  sealed  tube  for  bomc  hours  to  360''  a 
mixtarc  of  4  volumes  of  crystalMzable  acetic  acid  and  1  Toliioie  of 
bromine,  and  di^tittiog  the  product;  hydrobromic  acid  encajK*  in 
■bandancc,  and  ou  raising  the  tcinjicralure  the  unaltered  acetic 
•ciri  paawjt  over.  When  the  boiling  point  reaches  406°,  pure 
biomaoettc  acid  is  obtained,  and  crystallizes  iu  rhorabohrdro,  which 
m  Tcry  dcliquesi-fml,  ntid  rHinttiiuiiiated  with  dibromacetic  acid. 
(Feritin  and  Duppa,  Q.  J.  Chevi.  Soe.,  xi.  23.) 

(nil)  Suiphacttic  or  Arxlaxulphuric  Acid  (a  IlO.CjHaSjO, 
=C^U^Oj,S._,0j}. — A«tic  acid  coiiibiucs  with  sulphunc  anhydride 
lod  forms  a  dibasic  acid,  nhiL'h  may  be  obtained  crystallised  in 
deliquescent  Qccdlcs:  it  forms  cry  stall  iiiabtc  suits.  The  solution 
of  this  acid  is  not  dccoin|>o!«-d  by  ebullition  :  it  gives  1 10  precipitate 
vitb  uilta  of  lead  or  of  lime,  but  with  lur^-ta  it  forms  a  crystalline 
ooa|iouDd  of  sparinj;  fobibility.  Tbc  accto-sulphatc  of  ulver 
tr^talltzca  readily  in  long  flnttcne<l  prisms. 

(1114)  JTaaeetic  Acid  (C^H,SjOj=I[S,  C,Hp,S).— When 
Bouobydraled  acetic  acid  is  acted  upon  by  the  tcraulphidc  of 
pliiNpboru*  (PSj),  or  the  pc>itn»ul|diide  (PSj),  a  colourless  liquid 
ii  oUained  which  has  a  miujjlcd  odour  of  acetic  acid  and  sulpbu- 
Ktted  liydrogeD ;  it  boiit  at  about  300'*^  and  u  soAub\e  m  '««.'un: 


FBOriOMIC    OU   MET^CETOXtC  ACID. 


in  all  proportioDB.  It  hat  ftn  scid  roaction  and  s  Hoar  tufc: 
when  heated  upon  granulated  zidc,  tbc  metal  i«  dissolved  with 
evolutiou  of  lij'drogeu;  when  added  to  a  titroug  soliitioD  of  a 
aoluble  sail  of  lead,  a  spariugly  soluble  mouobasic  lead  mlU  U  pre- 
cipitated, vUicb  readily  undergoes  decomposition,  even  trhcn  dry ; 
wliiint  Hulpliidc  of  lead  ia  separated.  7%iaceiic  anhgdruU 
(C.IigOfS.C^HjOjS]  18  oblaiucd  by  distilling  pentagulphide  of 
pboephoruB  with  acetic  aiihjdride.  It  ia  a  ooloorli-sa  oiIt  liquid, 
whicit  boil*  ut  sjo*^,  and  cmit^  an  udour  similar  to  tliat  of  its 
hydrate.  It  is  heat'icr  than  natcr,  which  gradually  decomposes  it 
into  a  mixture  of  liydratrxl  acetic  and  thiacctic  acids.  (K.ekal^, 
Prvcecd.  Roy.  Sac,  *ol.  vii.  p.  j;.) 


Aaelfr  iifHd. 


ni«Mt>«Mid. 


This  compound  is  only  cue  of  a  scries  which  may  be  obtain 
by  similar  means  from  other  acids  homologous  with  tlic  acetic:  in 
this  »«y  ifiiufvrniic  Jicid  (HS.CgllOjS)  has  Ih'cu  obtaimsl.  Thlaoetic 
acid  may  he  regarded  as  ordinary  hydrated  acetic  acid  in  wbidi 
the  basic  water  has  been  displaced  by  aulph tiietti'd  hydrogen  ;  st 
the  Homo  time  one  of  the  equivalents  of  oxygen  ia  the  acid  it«i:lf 
has  been  displaced  by  an  efjiiivident  of  ttidphur: — 


If  acetic  acid  be  rcprcN:iit€d  aa 


Tbiacotie  acid  would  bo 


H    5"< 

11    ]"*•■ 


This  confirms  the  vicvr  of  Gerhardt  tliat  the  radicle  of 
volatile  fatty  acids  is  to  be  rcgdrdcd  rather  »fl  (C(.Hj^,Oj)  thau  8s 
(Cj.H,_j)  :  tbe  radicle  of  acetic  acid  being  (C,II,0^  instead  of 
(Cjllj),  for  hitherto  otic  atom  only  out  of  the  three  of  oxygen 
present  has  been  displaced  by  ehloriue,  or  by  sulphur  j  aoctiC 
oxychloride,  for  ciample,  being  C,Ii,0,Cl  {1C94). 


m 


{'  1  >3)  3-  Propionic,*  Prf,pyUc,  Metacettc,  or  Metacelonic  Acid 
(IIO,CjHjO,=9+65). — This  acid  is  formed  in  a  vuriely  of -ways; 
for  example,  iC  is  oue  of  the  products  of  the  oxidation  of  oiek 
acid ;  an<)  it  is  also  obtained  by  the  aclioa  of  potash  uiion  hydro- 
cyanic  ether.  In  the  latter  cose,  ammonia  ia  liberated  ami  pro* 
piou&te  of  potaab  is  fonued : — 


*  Front  frpinot  Qrtt,  frt'atr  fat,  becaute  the  lint  »r  simpleit  ia  the  aenti  vf 
JJie  true  AtCy  a«id«. 
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^uU>or«UijL 


rivftotu**  ot  iroMb. 


P  C.Hj.C\N  +  H,0,+  KO,HO  =  KO,C,II,0,  +  H,N; 

a  concentrated  nJoohoItfi  nolution  of  potaah  ia  to  be  heated  in  a 
tubulated  retort,  hikI  cyniiiile  of  etiiyl  added  drop  by  drop;  the 
distillate  is  to  l>c  rctunicd  into  tliu  retort  until  the  odour  of 
cyanide  of  ethyl  ha.*  diMapi^^ardd  :  the  residue  of  propionate  of 
potash,  wbeu  distilled  with  syrupy  ])ho8))horic  acid,  yields  pure 
j^  f  ropiooic  acid. 

H  PropioDio  acid  may  idfto  be  obtained  aa  Wanlclyn  hoa  aliown 
'  hy  acting  upon  f«odium.elhyI  hy  meam  of  carbonic  acid,  when 
propionate  of  eoda  is  the  result  (ios6).  Anuthcr  interesting  re- 
aetiou  which  furnisheti  propiiiutc  acid  is  that  which  cstahlishea  the 
oonnexioa  belwecti  laclie  and  propionic  acids  ;*  when  lactic 
oxychloridc  is  dccomptucd  by  water  it  furnished  chloropropiuiiic 
acidj  and  if  treated  with  finely  granulated  ainc  the  clitoropropionic 
Kid  is  reduced  to  propionic  acid  (Ulrich) : — 

C^Ojicr,  +  HjO,  =  ci^jCio,  +  Ua  ■,  and 

Aktopnvlosk  aoid,  rrnpioiiic  aaid. 

c^cio,  +11,    =(ViA   +HC1. 

U  tlie  liquid  bo  decanted  fironi  tlie  zinc  a»  »oon  as  the  odour  of 
tde  chlorinntcd.  compound  Iiiih  disu|ipi.'arcd,  and  be  distilled,  pro- 
pionic  acid,  with  traces  of  hydroL-liloric  acid,  comes  over  freely. 
K  more  cooTcnient  (neana  of  obtaining  propionic  acid  consists  in 
diittUiug  3'j  parts  of  lactic  acid  with  4  of  l>imodide  of  phnHphoni^, 
Iodine  ami  water  an;  liberated,  and  pmpionic  acid  is  formed,  whilst 
phosplioroua  acid  reiiiaias  in  the  rctorU 

Streckcr  liaif  likewise  observed  the  formation  of  this  ncld  by 
tlie  fermentation  of  a  mixture  of  lactate  of  lime  and  mannilc, 
•hich  had  been  set  aside  with  the  view  of  procuring  bntvric  acid. 
Crade  tartrate  of  lime  iu  warm  weather  frequently  undcrgocji  n 
ipccies  of  fennentation,  and  furnishes  propionic  acid.  The  acid 
|ii  alao  produced  during  the  fermentation  of  glycerin  (1067). 
^ftitceUme  [[C^Hfi]^ ;  934]  wlten  oxidised  with  a  niiature  of 
tlMfcroaiat«  of  imtash  and  Hulphnric  acid,  aUn  yields  the  acid,  which 
<l«i»d  it)  tiame  of  metacetoiuc  acid  from  this  circumstance. 
Propionic  acid,  when  prepared  from  these  sources,  is  liable  to  !>« 
eoalamhiatcd  with  acetic  and  other  acids  homologouii  with  it. 
The  icctic  acid  may  be  removed  by  satarutiug  the  distilled  liquid 


r>Ntc>, 


■  Lwtie  acid.  C(K,0(.  coat«xn«  j  atorm  more  of  oxygen  tbaa  Vfae  \Ta- 
tio,  C,  B^Q,.    Koibo  at/tg  it  prypropiomo  add. 
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with  CArboiiato  of  soda,  and  evaporating  to  tlie  CTjstalliztng  poial 
the  acetate  of  ooda  rrvKtallizes  out,  whittit  the  propionate  retnaii 
io  tlic  nioltier  liquor,  from  wliicd  propionic  acid  moy  l)c  procorcd 
Ity  distillation  with  aulpUuric  acid. 

MydratGil  pro|iioiiic  acid  (IIO.C^H^OJ  crystRllizM  id  platn 
nhich  melt  on  tlie  np)ilioBtioii  of  n  gentle  liciU  ;  at  a  tctn^>cratnrc 
of  284°  it  boils  and  may  be  distilled  :  it  has  a  |)owerfully  acid  tiute. 
and  n  puiigetit  odour  wliicli  is  iritprmediatebetweni  that  of  biitTric 
mid  uf  acrylic  actds.  Pmpioiiic  acid  is  liu'gfl;  Eulublc  in  water,  but, 
when  tliia  liquid  la  saturated  with  it,  the  ewces  of  the  ftcid  6iMttoJ 
like  au  oil  upon  the  flurface.  ^| 

Most  of  the  pmpioiiutcs  nrc  soluble  aud  crTstalliiablc.     The 
propionates  of  potash  aud   soda  are  delti|UC8ceut.      Pttjpionale  ^ 
Ime  is  cfflorp«ceiit,  but  very  soluble.     Propionate  of  Sarpfa  is 
iinhydrous  and  very  soluble;  it  crystallizes  tu  pri^ims,  which  wbea 
thrown  into  water  are  dissolved  with   n   gyratory  motion.      Pra- 
pioaale    of    coppfr    {CiiO,C^IIjOj  +  Aq)    crystallizes    in     oblique 
priains,  wliich  arc  readily  aoliiblc  in  alcohol,  but  very  alightly  « 
iu  water.      Propionate  of  xih'er  la  ntihydruu»,  nud  lc«9  Mjlublc  tliaa 
the  acetate;  it  crystalUxcs  in  tufts  of  short  noedle«i,  anr]  blnckciia 
by  eipoHiire  to  liglit ;  but  the  jtcetate  and  the  propionate  of  nlvt 
vauQot  be  svpurHtutI  by  crystal  I  iEutiou,  for  they  unite  and  form 
double  salt,  wtiich  is  deposited   from  a  hot  solution  in   brillia 
dendritic  needles. 

'         A    uitro-propionic  add,  HO,Cj^    *[0p  rony  be  obtnined  tfll 

licavy  ydlow,  sparingly  soluble  oil,  by  treating  butyroae,  Cj^TIijC 
with  nitric  acid.     Its  salts  detonate  feebly  when  heated. 

(1114)4.  BrrvRic    Aero    (HO,CgHjO,  =  <; +  71^) ;   Sp.    gr. 
liquid  at  32*,  0'9S86  ;  qf  vapoar  3*07. — This  acid  ia  a  liquid  whicll 
at  59°,  baa  the  ft|).  gr  0-963  ;  it  remains  fluid  at  — 4"  F.,  and  vol 
tiliics  at   ordinitry  temperatures   with   a   htnjug   mnell   of  ranc 
butter;  it  boils  at  ^\.\°'6  Y.  (Kopp),  and  may  be  distilled  u| 
changed.      Itutjric  acid  has  a  sharp  acrid  taste,  and  a  corioril 
action  u[K>n   the  skin;  it  is  readily  Hobible  in  watttr,  alcohol,  ai 
etfaer ;  the  addition  of  a  solutiou  of  hydrochloric  acid  or  of  chlorid 
t)f  eulcium  to  its  aqueous  aoliitiou  oaiiacs  the  butyric  acid  to 
rate  and   rise   to  the  aorfoce.      It   was  originally  procured 
butter  by  sa[>ouifyitig  that  portion  of  it  which  remained  liquid  nt 
60",  adding  hydrochloric  or  tartaric  acid  and  di*tilling  ;  the  dti 
tillate,  consisting  uf  a  mixture  of  eiiprotc,  caprylic  and  capric 
butyric  acidj  is  treated  with  baryta,  aud  the  baryta  salts  scparat 
crystaJfjzatioti  ia  the  mode  &'vtcc\M  wuicr  the  bead  oapi 
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(i  1 16).  The  odd  is  hovevcr  more  easHy  obtained  in  *  RtAtc 
»f  purity  by  distilling  3  jwirts  of  llie  butyrate  of  liiiie  produced  by 
tlie  fcrmcnUition  of  BOgar,  with  n  parts  of  water  and  1  of  con. 
oentrated  hydrochlorio  acid :  about  3  parts  of  liquid  sitould  be 
difltUletl  over.  IX  Lbe  diiitillile  1m;  digested  ujkiu  an  ciccss  of 
chloride  of  cjilciiim,  the  solution  whicli  is  formed  scparntcs  iuto 
two  Inyen,  tlie  upper  one  of  nliicb  conlaiiis  the  butyric  acid  :  it 
must  be  decanted  iutu  a  retort  and  distilled :  the  firat  portions 
which  pass  over  arc  aqueous,  but  when  the  temperature  rises  to 
327*^  (Gelii  and  Peloiixe),  the  acitl  paxse^  over  in  tlie  concetitmtetl 

ft  Buijfnc  nnht/dride  (C^HnOj.C^UjO,)  j  &>.  gr.  t>f  Jifjuid  at 
fc%  0-978;  oj  vapour  ^-^^i  Roijitiff  pi.  ^y^".' — Tliis  body  may  be 
^tnined  by  di^tdling  a  mixture  of  five  parts  of  cbloridc  of  bcusoyl, 
uid  eight  of  dry  butyrate  of  soda  :  it  forms  a  colourless,  rery  mobile 
liquid,  wild  ail  odour  wbieli  re^Hinilde.i  that  of  the  pine-apple. 
When  esposcd  to  tlic  air  it  absorbs  moisture  and  acquires  the 
repulsive  odour  of  Uic  hydraled  acid. 

Bulyratta. — Butyi'ic  acid  is  monobattie.  Its  salt*  when  dry 
•re  witbout  odour ;  but  when  moist  they  have  a  smell  of  rancid 
butter.  Most  of  them  arc  very  freely  soluble ;  when  reduced  to 
povdn-,  and  thrown  upon  water,  they  arc  dissolved  with  u  rnpid 
gvraKHry  motion.  Butyrate  of  baryta  eryatallizcs,  by  spontaneous 
tTkpontioD,  iu  long  prioni^,  with  4  Aq ;  when  formed  by  the 
cooling  of  n  hot  solution  it  rctiLitis  only  z  Aq.*  Butyrate  of  xinc 
nTtlallizes  iu  auhvdrous,  very  aoluble,  pearly  tahle<t,  nhich  when 
Imtrd  to  %n°  fuse  and  then  lo»c  part  of  their  acid,  after  which  a 
portioD  of  the  salt  uudcrgocs  sublimatiou  in  the  anhydrous  form. 
Butyrate  of  copper  (CuOjCgH-Oj  +  2  Aq)  ia  bluish  greeu  and 
•fviogly  ioluble.  M'itb  ttad,  butyric  neid  forms  two  anliy- 
dfDu  ealt«,  out  of  which  is  normal,  while  (he  other  contains  throe 
b^lvaleals  of  ba»e.  Tlie  butyrntcs  of  suboxide  of  mercury  and  of 
lilwr  arc  npariugly  »)lublc;  they  crystnlline  in  brilliant  plates. 
Bat  the  most  charBCtcristic  salt  of  butyric  aeid  is  the  t/ulyrah  of 
line,  which  forms  fusible  colourless  ueedlcs,  which  nrc  rendered 
uih}'drou6  by  a  temperature  of  384°  :  this  »alt  is  much  less  soluble 
iu  builing  water  than  it  is  at  onlinary  tetnpernturca,  and  when  its 
;  niUMKUi  Mlutiuti  111  boUcd,  a  large  proportion  of  the  salt  is  pre- 


'  Ob  9BK  oocasiod  T  »l)(ninr*i]  it  eryatflflisci!  in  nnhy^ous  Hjunr*  tablps, 
mntiag  tlwaspesnnceof  iLtf  aquiirv  biuoor  tlie  ovtobedrau.    Tbey  wer«, 
bmrnr.  m  rvaiity  nmded  crystali  formr^d  by  the  jauctton  of  two  nMrijr 
Hdasgiikr  rbonbec  ubles.     IId  other  oaaei  the  salt  formi  fihrout  er^ttou 
■bch  m  also  miil^^dnMi*. 
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ciftitatcf],  and  ia  rcdissolvcd  aa  the  liquid  cooU.  Butyric  acid  ii 
remarkahle  for  the  facility  with  which  it  effects  the  ctlierificalion  of 
alcohol.  If  a  mixture  of  2  part«  of  concentrated  butyric  ncid,  3 
of  alcohol,  and  i  part  of  oil  of  rittiol  be  a^^itated  together,  butyric 
etber  is  formed  and  riBCs  to  the  sarfuoe  on  standing.  It  ninr  be 
purified  by  washing  uud  rccti6catioQ  from  chloride  of  culcium. 
Tliia  ether  in  a  dilute  form  has  the  aroma  of  the  pine-apjilc;  it 
appears  to  be  present  in  old  mm,  and  is  uAcd  for  hetght<>iiiiig  tlie 
6avour  of  this  spirit.  The  mclun  auit  strawberry  are  suppoeed  to 
owe  a  portion  of  their  flavour  to  the  presence  of  thU  conipoaad. 
Many  of  the  biityru.tc8  wlicu  submitted  to  dry  di«tillatioD  yield 
butyrone  (C,,II,^Oj),  a  colourless  li(|uid  iiisoluble  in  water,  of 
sp.  gr.  O'S^  i   boiling  at  291°;   aud  emittiug  a  vapour   of  ap.  gr. 

3"99- 

Chlorine  acts  readily  upon  bntyric  acid  in  llic  sunlight,  tod 
furms  two  eub^'titulion  acids  which  are  analogous  to  butyric  add, 
and  which  yield  corresponding  monobasic  salt« ;  tlieee  acids  an 
the  dichlorohutyric  (HO.C^HjCljO,),  and  tctrarlilorohutyric  Heidi 
(HO.C^HjCl^Oj).  Nitricacid  ooiiverts  the  butyric  iotoai/roAa/i 
acid  (IIO,(;^HjNO^O,). 

Butyric  acid  exists  ready  fomtetl  in  oertaio  frnits,  and  It 
one  of  the  products  of  oxidation  of  n29tiscd  matters,  such  as  fi 
or  ca»ein,  wlietk  treated  with  oxide  of  manganese  and   sulph 
acid;  it  is  also  obtained  amongst  the  results  of  the  action  of  nil 
upon  oleic  acid.     Alt  substances  which  furnish  lactic  acid  may 
made  to  yield  tlie  butyric ;  and  it  is  frccjiiciitly  devclop<\L  during 
fcfincutalion  of  decay  of  many  niacilaginous  and  amylaceoat 
such  as  the  potato  aud  the  mullow.      Butyric  acid  may  tie  obtai 
at  pleo-inrv    in    lar^je  quantities,  by  tlic   folloniufj   rueihoil  of 
mcntiny  sugar  discovered  by  Pelouac  and  Gi^lis  [jitm.  de 
HI.  \.  414).     A  sniiition  of  41b.  of  sugar  in  a  (jitantity  of  wal 
sufficient   to    form   n   litiuid    of   sp.   gr.    1*070,  is   mixed  with! 
quantity  of  poor  cbcesc  which  in  its  dry  state  wotild  coot 
casein  to  the  extent  of  onc.^ighth  of  the  wciglit  of  the  sugar 
and  alb,  of  chiilk ;  the  whole  i«  then  expo«c«l  for  some  weeks 
temperature  ranging  Ijetwccn  80"  and  90*  P.     The  liquid  spowli 
becomes  ropy,  lactic  acid  in  formed  abu»d.intly,  and  combines  ni 
the  lime,  the  mixture  hecomiug  *emi>tolid  owiug  to   (bv  formati 
of  cryntals  of  lactate  of  limc;   this  salt  in  tam  aadergoCB 
position,  and  when  this  second  reaction  commence!!,  a  mixture 
carbonic  acid  aud  hydrogen  escapes  from   the  fermenting  ma 
whiUt  butyratc  of  lime  ta  formed  in  abundance.     This  reaction! 
fxphiaed  by  the  followiug  cqaa^oa-.— 


VAIXRl^  01   VAUIBtAMC   -iOIO. 
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.  :,Oj  =HO,C^HjO,  +  iC,0,+  3  U,. 
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brlievm  tbis  convenion  of  luetic  into  batyric  acid  to 

hy    tbe  igciicy  of  a  Kpccia]    ferment    coiwisling  of 

■nimalculs    ia   itie  form   of   aniall   cvlimlriviil   IkkIics, 

etiniis    are    connected  togetlicr    in  cbaius  of  four  or 


li^)  jj.  Valeric,  or  Vai.f.bi*s-ic  Acid  (HO,C,„!I,OjCt 
i  Sp.  gr.  <^ii*iuift  0*937 ;  of  vopaitr  3*66  ;  Boiling  pt.  347"- 
uoni[<iuuil  upjiL-ant  to  lie  iilaiitical  with  the  pbocenic  acid 
td  hy  Cherrcul  froqi  wnie  of  the  fisll  oils.  It  occuri  i>l»o 
led  witli  a  peculiar  o«cittiHl  oil)  iu  tlic  root  of  the  valcriau  ; 
ewise  present  in  tlie  Iwrries  of  the  gnctder-roKe  ( Viburnum 
If  Talorian  root  be  di^tilk-d  <ritti  water  acidulnted  with 
•ulpliuric  •cid,  nJcric  ucui  |msscs  over  into  tlic  rfcciver  ; 
tity  rn«y  be  iiitrrt'asnl  by  iligesting  tbe  root  tritli  a  mixture 
liuric  acid  and  bichronmle  ofpotu^b,  since  the  valerian 
^Lii^.i.s  a  compound  (valcrol,  C,„ll|„0,),  which  by  oxidation 
«s  iv)iivi>rtcd  into  valeric  acid.  A'aleric  aeid  is  also  a.  fre* 
I  of  tlic  onidatioii  uf  oleic  acid  luiil  of  other  fatty  acid»; 
ti»i«i*«  often  present  in  decaying  cheese,  but  it  is  moat 
^ohtoined  by  the  a^tinn  of  oxidiitiug  agents  on  amylio  alcohol. 
^F»{«inrs  nf  funsel  oil  be  Mint  thronj^h  a  tnhv,  tilled  with  a 
hh^f  lime  and  hydrate  of  soda  and  heated  to  400*^,  vtiln-Btc 
B[  is  prodiured,  nni)  hydrogen,  mixed  with  carburet  ted 
Ed,  is  crulfcd.  When  cold,  the  mau  mu»t  be  pluuKcd  m 
Hte  water  To  prcrcut  it  from  taking  fire  hy  access  of  air ; 
^B  iolntioii  touigit  be  dtatiltcd  with  dilute  sulphnric  acid : 
Kiciii  tht-n  yaiae»  uver  into  the  receiver.  A  still  utsiur 
H  of  prGpariiig  it  consists  in  distilling  fouscL  oil  with  a  mix- 
p  dilute  siiljihuric  acid  and  hichroraatc  of  potash;  valeric 
^kd  witb  ra)er«tc  of  amy]  (C,i,H„0,C,oUy03)  paaees  over, 
^p  1....,-  pQay  bo  decomposed  by  )K)tash  into  valerate  of 
K.  -'d  oil.     The  valerate  of  pota.4h  when  distillcfl  witb 

^K  and  famishes  jmre  valeric  ucid. 

^Kric  OL-iJ  i%  a  limpid  colourless  oi),  which  remain*  liquid  at 
^Bus  a  powerful  o<!our  nllicH  to  that  of  valerian  root,  and  a 
^UnSa.  It  may  be  distilled  nithuut  change.  It  is  apar- 
^■[dihi  in  water,  b\it  is  soluble  in  alcohol  and  in  ether  in  nil 
^■bw;  it  is  alxo  fi-ei;ly  nulnblc  in  tittoui^  acetic  aeiil.  . 
^Eieid  mcmbles  t1ie  acetic  in  its  (tioperty  of  forming  a 
B»4imte  iUOjCjglfgOf-i-sAq},  wliicb  ia  ohtAiued  wbct^  th« 
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acid  is  libasted  by  a  stnmser  teid  Ikkd  an  aq^aeotu  eoln 
MlU. 

Vmieru:  cnhgirid^  (C„1I,0„C,„II,0,  ;   .^,>.  gr.  </  ^H 
^  wtfmv  6*23°;  JSoi/uy  pi.  419")  is   a  coIourleM,  mohili 
vitli  an  agreeable  odour  of  apples  ;  tbe  alkalies  in  the 
water  rvftA\j  nmrcrt  it  into  k  Kjr<Irate.     Thi^  compoatidi 
obtatned  by  aUowini;  1  part  of  oxvcblohde  of  pbuftplic 
drap  by  drop  npoti  6   parta  of  dry  valerate  of  pota»1i ; 
dte  praduct  *ith  a  «rak   folutiou  of  carbonate  of  eoiU, 
diaaolnof  out  the  anbydride  with  etber:  tbe  etlicreal 
agitated    iiitb   fused  cliloride    of  calciiiR)    in    onlirr   10 1 
water;  and  on  npcUing  tKc  ctlwr  by  beat,  tbe  anh^driJ 
ta  a  slate  of  parity. 

"Ac  Talentes  aben  dry  are  deatitute  of  odoor,  tbe 
awcalidt  laalc,  aod  arc  cn»ily  recognised  by  tbe  pcculiurj 
valMte  acid  wHidi  they  emit  wbeo  heated  with   dilute 
arid,     ntcar  salts,  aitb  the  exception  of  the  valeraletl 
and  of  mboude  of  nucrcury,   arc  mjIuIiIc  in  water,  aud ' 
tben  art  abo  soluble  iu  altx^iol.      Tltose  of  tlie  alkalies  1 
qaMOmt,  and  oTBtalliae  with  difficulty  ;  tber  flue 

I  of  a  iDodertte  heat.     Vak-ntc  of  baryta  (Ba( 
^-f  1  A^]  crystalUm  in    phatn*,    which  arc  brittle.      Vi 
iiDC  CTTst^liieB  in  acbydroua  plaLes ;  this  salt,  aa  well 
.  of  tbe  Takraies,  has  been  used  medinnally. 

CUofine  acts  upon  Talurip  acid  by  divplaciog  a  por 
hydrofea ;  by  this  means  twn  new  subilitutioit  eompoood 
fetMcd.     Both  of  tlicee  bodies  retain  the  munotnaic  1 
nkrie  aeid.     Ilicy  were  termed    by  DutnaAj  cAhrvti 
C„H,C1,0J  and  rWorwo/rt-oeie  (lio,C,„H^Clpj}  acidi; 
tbiem  forni  »uble,  well-delined  salta. 

Wlien  talcric  acid  is  boiled  for  eereral  days  with 
Ditrtc  acid  it  beeones  deeuupoaed,  aod  a  ?reat  part  ta  1 
into  mUrmvieric   octd    [HO,C^lI,(NOj)  0,],    which    ia 
without   dvconposition  ;    it   orystalUsea  io   bvautifol    rli 
tablcn,  ami  form*  definite  a&lta. 

(1116)  6.  Vai>ruieAd»tl,il0,^^M,^O^:  Sp.gr. qffvp 
-~Tbi>  acid  »  litjuid  at  ordionfy  temperatures  :  it  ha*  a] 
terittic  oduur  of  acid  sweat,  and  has  a  pungent  and  ^»e-fij 
liie  uiucc&trated  acid  bleaches  tlKne  partA  uf  the  ' 
lowrbes.     It  boila  at  about  39:^,  and  mar  ttc  distiliKi. 
WnU-r  diwoKo*  it  to  a  amall  cxiciit.      Cnjirotc  acid  ia|| 
•mall  quantity  by  the  uponification  of  butter,  or  of  1 
ii  it  if  aaungA  ibc  wVaV\\«  ^inAvtsAa  o<  \\\s  niM. 
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It  may  Iw  obtained  from  bnlfcr  hy  pressing  out  tKe 
Uch  remiuii»  liquid  at  60°,  thvu  saixmifviiig  tliisoil,  nud 
fee  MMp  witli  aulpburtc  acid ;  capric,  capr^ltc,  caprolc, 
We  Mrids  mm  thus  obtniiicci  in  the  liquid  which  pa&ses 
di«tit1aic  ia  to  be  iieutrali?^  (ritli  baryta,  which  forms 
iroaCc,  wliilal  the  caprvkte  .-uitl  capnite  sru  nearly  in- 
>e  capmate  aud  batyrate  arc  separated  by  crjetailisEA- 
ite  atstiming  llie  form  of  delicate,  brillinnt,  niibr> 
if  tliB  BoIutioQ  l>c  evnporated  above  86°,  nlitUt  if 
Itaoeoiu  cvajHiratioUj  it  forma  bexagoual  platca  which 
the  ■ttnosphpff.  Anhydrous  caproatc  of  baryta,  if 
pcrchloride  of  phosphorus,  yields  caproic  aidtydride 
|H,|Oj\,  in  the  form  of  a  colourless  neutral  oil,  which 
r,  by  irhicb  it  is  rapidly  convprt«d  iuto  the  hydratcd 
of  silver  is  .i|tariu(;ly  aoluble,  but  most  of  tlic 
)f  llic  lu'id  are  readily  dissolved  by  water. 

(EmnihyHc  Acid  (H0,C,,H„0,1.— ThiB  uid  i« 
M  one  of  the  ]iroiIuct»  of  the  o^iidutiou  of  oldc  acid  by 
nitric  acid.     Tt   is  also  produced  dunng  the  destructive 

tof  ca.4tt>r  oil  1  but  it  in  moit  readily  obtained  by  heat- 
k  of  cutor  oil  in  a  retort  with  two  jiartx  of  ccacen* 
s  ttcid  diluted  nilli  twice  ita  volume  of  water.      A  brink 
Earn ;  tlie  nitxtiirc  tntttit  be  mainbtined  at  a  l>oiliiig 
fbr  a  lev  hoiin),  and  the  products  which  tlt>til  over 
cil  with  water,  when  an  oily  slratuoa  of  oeuaniLylJc 
■to  the wirface ;   it  must  be  again  diMillod  with  water, 
obtained  as  a  naonohydrate  by  distilling  the  liquid 
pbosplioric  arid. 

•fie   anhydride  (C,jlI,jOj,CjJIjjOj)   may   be  obtained 

^qnid  of  sp.  gr.  o'l^l,  by  distilling  oenanthrlate  of  potash 

lo  of  phoiphorus.     l/t/droled  ocuuuthylic  add  may 

,lo*  cold  of  0°  without   becoming   solid;  it  hoiU  aad 

Jrd  at  198*^,  but  it  undergoes  partial  dpcompOAition 

itiou.     One  of  itfl  most  charactcriatic  ^Is  i$  the 

of   copper,    which    crystallizes    in    beautiful    green 

are  aoluble  in  alcohol,  bnt  nearly  insoluble  in 


|8.  Capryltc  Arid  {HO.C„H,.Oj=9  +  l35:  ^.  gr.   of 

ras  oue  of  the  volatile  acids  obtained  by  Chcvreul 

iftcstioa  of  htittcr;  it  is  fouud  likewise  in  cocoa* 

■4   tunongxt  tlie  products  of  the  osidation  of  oleic 

ic  acid. 

amigdHitr  (Culi„0,,q^Hi^O,)  is  a  limpid  tiU  ot 
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tlisaRTCwiblc  odour,  which  boroB  with  a  Inminoos  flame  :  itberoraei 
solid  in  tlic  coifl  pmiluccil  by  a  mixture  of  ice  and  ealt.  fftfdnUd 
citprvlic-  acid  Incomes  wiliil  at  about  54",  it  inelu  at  j8*  or  j9*, 
and  boils  aad  may  be  distilled  at  4.57":  tt  is  but  8i>ariiiglj  soluble 
in  water  even  at  a  temperature  of  212".  It  is  best  prc|iRn.-d  bj 
ilccompo«itig  the  cu|>ryliite  of  barvtii  with  aiiliilmric  acid  :  capry- 
Ute  of  baryta  is  insoluble  in  alcohol  and  in  clhcr,  but  is  di»- 
soUed  by  twice  its  weight  of  boiling  water ;  it  crystalliae*  from 
its  iKjucuuM  volution  io  anhydrous  culourlesK  plates,  wbicli  are  de- 
posited iu  rounded  nodular  masaca.  Caprylic  acid  is  usually 
accompanied  by  capric  aeid,  but  since  the  caprylatc  of  bar) tab 
more  Kolubic  thnu  the  cupratc  of  this  bu^c,  tlie  aeida  may  be 
separated  by  couvcrtiDg  thcni  into  baryta  oalts  and  tliea  cr 
Using  them. 

(1 1 19)    9.  Pelarffouic   Acid    (nO,CisII,,0j). — This  acid 
originally  extracted  from  the  leaves  of  the  geranium,  by  diBtiil 
them  witli  water,  purifying  the  oil  which  floats  on  the  surface  bf , 
iiculralizLng  it  with  hydrate  of  baryta,  and  heating  the  mixture  | 
drive  off  a  volatile  oily  body  which   cornea  over   with   tlie 
The  pclnrgonatc  of  barvin  is  afterwards  decomposed  by  an  acti., 
Pclargonto  acid  may  al^io  be  prepared  by  heating  oil  of  rue  vil 
an  eqiml   measure  of  nitric  acid  which    has  Ixwn  dllnted  wiih 
own  bulk  of  water ;  and  it  is  also  pi-oduccd  hy  the  oxidntioa  I 
oleic  aeid  by  the  same  iTngeiit,     I'rlargonic  ankyitridt  (C,^]i,J 
Cj^IIi^Oj,)  \*  a  colourl<-i«  oil  which  sulidifirs  at  yp,  and  has  a  1 
agreeable  odour  of  raiiHd  butter :  it  is  obtained  by  acting  n[ 
jielargonate  of  baryta  with  nxychloridc  nf  phosphorus.      Hijdrat 
pttar/fonic  acid  i«  a  colourless  oil  which   is   nearly  insoluble 
water,  but  soluble  in  alooliol  and  ether :   it  has  a  faint  iinplea 
smell ;  at  500°  it  boils,  and  may  be  distilled  unclianf^eil :  accol 
ing  to  IX-ltls  it  is  identical  with  the  wnantbic  acid  of  Liubig  r| 
Petouae,  but  this  in  doubtful. 

(1 130)   to.  Capric.   or  liutic  acid  (HO,C^H„OJ  is  a  roll 
fatty  add  which  possesses  many  interesting  rclationa  to  ott 
bodies.      It  was  discovered  by  Chevreul  amongst  the  products 
the  saponification  of  butter;  but  it  is  also  furnished  by  the 
tton  of  nlcie  acid  by  nitric  arid,  and  Oerhardt  hru  procured 
readily  by  acting  upon  oil  of  rue  with  funiiug  iiitnc  acid ;  one 
the  constituents  of  oil  of  me*   (C^Hj„0,),   having,  according 
(icrbaidt,  the  compositioa  of  the  aldehyd  of  capric  acid  :  durii 


•  AtTording  to  Grrrillc  Wiiliams,  oil  of  rue  consists  ehirfly  of 
otd^gd  iCallaO.l.miiPd  with  a  smn]1<)UKntttyorhiirii'  «lt)chyd  ((\,H„() 
k^lxMdM  a  hydiocarb'Mi  iwmenc  with  oil  of  lurpetitine  a&d  nitb  ttoniool. 
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Uu  oxidation  or  oil  of  rue  by  nitric  acid,  a  portion  of  peJargooic 
aeiil  lA  udaallf  foriDod  at  the  nunc  time.  Cnpric  acid  is  also  con- 
tuued  iu  small  qiuiiitity  in  tli«  fatly  ncirlH  uf  lite  OM^on-mit  oil 
Capric  acid  cryittaUisa)  iu  colourless  needlcB,  wfaicli  are  ftisitli!  at^ 
^^  ;  it  ho*  a  slight  odour  of  the  goat.  Thia  nci>d  ia  eparingly 
*olul)lc  iu  bulling  water,  but  it  sepanites  com^iUUcly,  in  glisU-niit^ 
pliiteK,  *»  the  liquid  coals;  its  ta^te  is  sour  and  bumiug.  It  is 
•olublo  in  oloohol  in  all  proportions :  vhcn  distilled  it  ia  liable 
to  undergo  jtariial  decomposition.  Capric  ucid  in  generally  puri- 
fied by  causing  it  tocomiiiue  with  baryta;  the  salt  thus  obtaiuod 
crjnsCalltzcs  in  brUliant  plates:  it  is  soluble  to  a  considerable 
extent  in  boiliiig  water,  but  requires  200  parts  of  cold  water  for 
•olatiou. 

la.  Laurie  acid  [lIO.Cj.IIjjOj,; /M*inj?  poinl   no"  (llcintz)] 
was  flrit  extmoteil  from  die  soft  greeu  fat  of  the  bay  berriea  {Latf  . 
na  nobiiii),  btit  it  haii  bihcc  hecu  found  in  cocoa-nut  oil  (Gcorgcy), 
as  well  as  in  tho  pichurim  nut,  and  in  cacao  butter. 

14.  Hfyritlir  arid  (I10,Cf^H^Oj)  it«  com jiara lively  unim- 
portant; it  is  furnished  by  nutmeg  butter,  and  fuses  at  139' 
{tiinntz). 

(1131)    i6.    pAt-artic    Acii)    (}iO,%'ii^fi^=^  +  t^y).—TWi9 

is  obtained   uioit  readily   from   palm  oil,    tiic   solid   portion 

joT  which  consists  chiefly  of  the  glycerin   compound  of  palmitic 

^•eid,  and  vhicb,  when  loug  kept,  often  coutaius  the  free  acUl  in 

Is^  i{uantity,  ainouutiiig   i»  auitie  iuataiiccs  to  oiie>tbird  of  its 

nigfat.      L'uder  Uiese  circuiustauces  the  oil  contains  a  con^ider- 

M*  quantity  of  nnoombiuvd  glycerin.     Palmitic  acid  luay  also  be 

ptocurcd  by  tlic  siipoiiifiotiou  uf  sjiermaccti :  aecofdiug  to  llciutE, 

it  is  likcwiiie  present  iu  huiuan  fat,  in  the  m[\A  coustitueitt  of  olive 

<■],  and  generally  in  snbstaitci^s  which    have  been  di:M;ribeJ  as 

jitUiog  margarin.      It  is  likewise  one  of  the  products  of  the  dc- 

tamposition  uf  oleic  acid  nbca  this  body  is  futed  with  tnice  its 

I  Ki^t  of  hydrate  of  polasli : — 

Pslnitie  acid,  after  repeated  crystallization  from  alcohol,  appears 
M  n  tastctcas  white  Eat,  which  may  be  ubtuiiied  in  tufU  of  delicate 
Bodies,  fusible  at  143^*6.  It  may,  with  care,  be  distilled  without 
"r-'Irrgoipg  dccumpoaitiou, 

i'lie  utuLrul  palmitates  of  the  alkalies  are  reiidily  soluble  in 
but  water,  and  form  solutions  which  gelatinize  ou  couliug.  Tbey 
■re  sfiarioglr  soluble  iu   cold   alcohol,  but  freely  so  in  boiling 
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ilcobol :  this  solution  deposits  the  salts  in  crj^atals  oa  cooling. 
The  aqncons  solutious  of  tbc  normil   [lolinitato,   wbcn  UrpJj 
dilutml  with  iratcr,  are  decomposed  ill  a  maimer  similiir  to  tlifwe 
of  tUe  Htcaratcs,  into  an  iiitwiuble  add  salt,  wlukt  a  purtitm 
base  reautina  in  solution. 

(ii2i)    17.  Mahoaric  Acin  (HO,CjjH„0^. — In  order  to" 
parc  tills  lulistanw;,  MarseiUca,  or  uiive-oil  soap,  is  to  bi-  dissolved 
in  boiling  water,  and  mixed  wiili  a  solution  of  chloride  of  calcium ; 
a  precipitate  of    mingled   olcatc   nnd   margarate  of   lime  is  thns 
obtaiacd,  which  after  being  dried  is  piilir^ixed   and   digested  ^1 
cold  ether,  hi  long  aa  atij-tliitig  is  dissolved  ;  the  oleate  of  lime^H 
thus  brought  into  solution,  nbilst  tin:  mnr^arate  !•  lefl  bchilw^ 
The  luarguTute  is  then  deoomposetl  by  hailing  it  with  hydrochloric 
acid,  and  the  oil;  acid  which  sepumtce  in  thoroughly  waabed,  and 
recrj-nlitllixttd  frotii  alcohol;  as  thus  obuineil  it  melts  at  140"  F. 
Heiulz,  however,  states  that  tl»c  acid  so  obtained  may  l»e  separated 
into  stearic  aud  palmitic  acid,  by  tepcaiedly  cryetaiUziug  it  I'rum    . 
a1coli(}l ;  the  melting  poiut  may  thus  be  rniscd  tilt  it  reaches  159°, 
ihc  I'usitig  point  of  stearic  acid.     A  better  plan  eouaista  io  adding 
to  a  holliug  solution  of  the  acid  in  alcohol  a  boiling  solutioa  of 
acetate  of  kad,  or  of  acetate  of  baryta,   eontaining   »  qutuitity  of 
the  baryta,  or  lead  salt,  aiuountiag  to  two-^cvenths  of  the  weight 
of  the  fatty  acid.     As  the  liquid  coola,   a  precipitate  is  obtained,   | 
which  ia  to  be  collected  upon  a  filter.      This  portion  contains  Om 
whole  of  U)c  stearic  acid,  whiUt  most  of  the  palmitic  add  rem: 
ill  solution ;  the  liltered  liquid  is  now  to  be  precipitated  by 
excess  of  the  biu>-ta  or  lead  salt.     This  latter  precipitate  contuoa 
the  palmitic  acid  ;  it   mnv   be  dceompoeed  by  hydrochloric  acid, 
and  ret-ry stall ixod  frotu  nieohol  till  its  meltiug  point  remaii;8  fixed 
at  I43°'6.     If  ncccsaary,  it  may  be  again  aubaiittcd  to  a  pnrtial 
procipitntion  with  acetate  of  leiul,  or  of  bai^ta. 

Although  Uie  melting  point  of  titearic  acid  is  159*^,  aud  that 
of  paliuitri;  acid  is  i43°-6,  Ileints  finds  that  a  miiilure  of  the  two  ■ 
ncids  melts  at  a  lower  tcmpernture  tlian  cither  of  them  separately  ; 
and  if  9  or  10  paita  of  palmitic  acid  befti«cd  uitli  i  part  of  stearic 
acid,  a  roosa  la  obtained  which  solidifii-a  at  140";  which  corttta 
apouda  to  the  fuitiug  point  of  the  »o*call(Ml  maigaric  acid.  ^ 

Becker,  honcver,  eonudcrs  that  Itc  has  obtniitcd  margarie  acid 
artificially  bv  decomposing  cvanide  of  cetyl   by  means  of  hydrate 
of  potiv>hi"c„n,^,Cj,N  +  Kb,IIO+  UgOj^KO.C^lIsjOj+U^ 
The  fuaing  poiut  of  tliis  acid  was  as  iow  as  13;°.  ^M 

(t  123)  i8.StkauicAciu(HO,C„H„03  =  9  +  273).— Thisimpt^ 
taut  fatty  acid  is  liberated  during  the  suponificatiuu  of  all  tticft^y 
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H  vlucb  contain  steirin.     Until  recently  it  was  rrgnrilcd  as  a  dibasic 

Hacid,  aiul  iU  formula  was  represented  a>  (2  HO,Cg^lI„OJ.    It  may, 

B  Iwwcrer,  with  care,  be  diiitilled  without  dccoinpo»iitioii,  and  fui-tbcr 

^  cxpcnineutj)  by  De'mtK  uitd  othura  huvc  shown  tbut  it  t>cloiig!i  to 

the  ftamo  mticb  of  arids  a»  the  palmitic,  whicli  it  greatly  reaemblee. 

The   bttuie   add,   whirh    Kiirdwicli   extracted  from  the  oil  of  the 

Bttstia  lat^folia,  aud  fouud  to  possess  the  formula  (IIOjC^oHmO,), 

^       is  pure  stearic  acid. 

Stearic  acid  may  be  obtaini-d  by  unponifyiiig  mutton  siict,  and 

decoRiposiiig  the  hot  solution  of  the  tuinp  witli  hydrochloric,  or 

still  better,  with  tartaric  acid.     The  oily  acids  are  next  to  beeub- 

initted  to  pre»j«urc   bctwwn   hot    pintcs,   hy  which   ntouns  a  large 

portioi]  of  lliK  oleic  acid  is  separated:  the  solid  residue  is  then  to 

be  recrjstallizcd  froio  alcohol,  tliree  or  four  times,  and  aderwarda 

from  ellier,  until  the  Awing  point  becomes  conxtnnt  nt  159^-     The 

ethereal  solutiou,  if  allowed  to  coul  very  inlowly,  dcpoeita  tlie  acid 

in  beautiful  colourless,  transparent,  rhombic  plates.     When  fused 

IL  it  presents  the  appoarancc  of  a  colourlcH  oil,  destitute  of  taifte  or 

V  odoar;  and,  on  solidifying,  it  concretes  into  a  while  crystalline 

I    iDaas,  which  is  iuaoluble  in  water,  but  freely  soluble  in  hot  alcohol : 

thia  Mjliition  rcddeos  litmus. 

Stearatfg. — Stearic  acid  forms  both  normal  and  ncid  salts. 
Tbc  steeratcs  of  the  alkalies  are  soluble  in  a  small  quautity  of 
water,  and  in  alcohol  ;  a  mixture  of  alcohol  and  ether,  of  sp.  gr. 
0750,  abo  diHAoIvc*  tticm,  and  depottit:*  them  in  crystals  on  eool- 
■ug.  When  ao  aqueous  solutiou  of  normal  sti^rate  of  jiutaah  or 
of  «oe!B  is  largely  diluted  with  water,  the  liquid  becomes  turbid, 
and  a  copioit;>  separation  of  nilliy  crj'stallinc  platea  of  an  acid 
atcarate  of  the  bastt  is  occasioned.  Cfievrcul,  who  has  carefully 
Hcsamiacd  this  decomposition,  Rnds  that  it  is  not  an  isolated  case, 
^Ixit  tbat  generally,  when  a  iwlt  i»  formed  by  the  union  of  a  ba»o 
•olable  iu  water  with  an  acid  which  ta  insoluble,  the  normal  ualt 
»  obtaitHrd  is  decomposed  by  water,  with  the  precipitation  of  an 
ioaolable  acid  salt,  while  a  portion  of  the  lioice  remains  iii  aolution. 
Stcarale  of  Boda  Ja  the  basis  of  ordinary  hard  soap.  Tlie 
solabtc  strarates  nre  separated  from  their  solution  in  water  by  tlic 
addition  of  a  liirgc  e^ccJtHof  Kodaorof  potash.  Chloride  of  sodium 
also  eassea  their  immediate  coa^lstiou ;  and  some  other  Mtlts 
hare  a  similar  eflTcet:  advantage  is  taken  of  this  fact  to  separate 
aoap  from  glycvnu  aud  other  iuipuritiea  iu  the  operation  of  soap- 
making. 

The  other  stearates  are  in«)lub1e;  those  of  baryta  and  lime 
are  crysuUine,  and  insoluble  in  alcohol.     Slcarate  of  magneaia  is 
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fiuiilile,  an<)  may  be  dissolt-cd  by  Iwtliiigftlcohol.     Stcarate  of] 
is  easily  furnic-d  by  niltliiig  a  solution  of  accutc  of  leud  to  oue  of 
f'tcaratc  of  9Q(la :  it  ia  a  heavy  amur|ilioua   preci[>iutc,   fuaibic  lit 
about  360°,  Aparingly  soluble  in  alcobol  and  iu  ether,  but  readily 
Holuble  in  oil  of  tur|ientine;  stearate   of  lead  is  one  of  tlie  con-    . 
fltitucnt«  of  tbe  ordinary  lead  planter.  ^M 

Stcnric  acid,  wlifti  subniittvd  for  some  weeks  to  a  current  {^^ 
cblorini!,  at  a  tcmpeniture  of  312°,  los<?8  a  portioi)  of  ita  bydrogeu, 
and  becomes  couvcrted  into  a  yellowisli,  trausparent,  chlorinated 
roiii|K>iitid,  of  a  ro*inous  aspect,  id  w|iich  llnrdnicli  found  that  10 
utomB  of  bydni^ii  bad  lieeti  displa«<-d  by  la  of  chluriuc,  furmiag 
cltioro»learic  acid  (llO.Cj^HjsClj^Oj). 

Wliuu  stearic  acid  is  boiled  for  sonic  days  nitb  nitric  actd,  it 
is  gradually  converted  into  Hucciiiic  and  aulK'ricacida  (1130,  i>33)- 
It  baa  been  elated  thnt  il  may  be  converted  iuio  margaric  acid 
by  gintty  licnting  it  for  a  short  time  witb  nitrir  acid,  but  Ileiuut 
I1118  shown  ilmt  this  is  an  error, 

Arachidic  or  bntic  acid  (HO.C^HjjOj)  doc*  not  appear  to  have 
been  obtainni  from  butter  in  a  state  of  perfect  purity;  bnta  fo*»- 
tsllizablo  fatty  aciu  having  the  composition  amigned  lo  it  has  been 
CKtracted  fraiu  the  oil  obtaiiic(i  from  the  seeds  of  the  Arae^ 
hyi^ogipa,  the  ground-nut  oi]  of  Western  Africa. 

Melimic  and  ccrolic  acid*  have  been  alreudy  described  (lo^). 


.^H^)0,. 
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(*)  Adds  fifthe  Oleic  Series,  HO,(C, 

(1134)  The  acids  nhich  belong  to  this  group  have  been  1 
perfectly  studied  than  those  of  the  foregoing  one.  Oleic  aci<l  is 
the  luoNt  im  pur  till  it  member  of  this  series.  Owin^  to  ibe  facility 
with  which  these  acids  absorb  oxygen,  and  the  difficulty  of  i)uri- 
fyiug  them  from  the  re^nits  of  thix  oxidation  on  atx'Ouut  of  their 
iBdi*po!iittou  to  crystallize,  the  investigation  of  these  compounds  is 
attended  with  considerable  dilficuity.  The  higher  tenns  of  this 
BericB  are  decompoiMid,  when  they  are  heated  with  a  view  to  cfTeot 
their  distillalion. 

Till-  acids  of  this  group  arc  characterized  by  their  tcudeni 
when  heated  gently  with  hydrate  of  potash,  to  break  up  into 
acetic  acid  and  a  second  acid  of  the  stearic  eeries,  whilst  hydrogcD 
is  liberated.  Oleic  acid  in  this  manner  yields  acetic  and  palmili 
acids : — 


oTpalMb. 


Pilsutltn 


Oli^und. 

HaC^H«0,+  »(K0.H0)  =  kO,C,H,O,+KO,C„H„0,+H,. 
Acrylic  acid  wbcu  uoiUarly  treated  yields  acetic  and  formic  acids ; 
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of  polii*. 


fenattte 

ofpataih. 


HO,CJl,0,  +3  (KO.HO)  =  KO,C,II,0,+KO^,IiO,+ir,. 

rbc  acuU  of  tliU  {rrouji  potsi'tu  ihc  reraarhable  property  of 
bciu^  eOfti-Ci-ted  by  peroxide  of  nitrogen  into  inetaincrio  iicWs, 
vUicli  rc>iiiire  a  much  biytier  tciiijifnitiin;  for  their  fusion  tlmn  the 
oily  8ci(U  from  wbich  they  were  obtuincd.  ThcsD  solid  su:\ih  may 
Ik  (iislillcd  unclwugod.  When  these  leas  fuMble  metameric  acids 
are  beated  uith  hydrate  of  )ii>tii.ilL,  thoy  al»t>  undergo  dccoinpotitiou 
into  acetic  acid,  outt  aDOlbct  acid  of  the  slearit;  sci-ics ;  hydrogen 
})dag  cvolvul,  exactly  as  in  the  case  of  their  more  fusible  meta> 
ueridca. 

The  following  tnble  coiitaius  the  names  of  the  acids  of  both 
isooicric  aeries  which  arc  at  present  known.  The  formula  of  some 
of  the  higher  terms  will  {irolisiUy  Ijc  modified  bcrwiftcr,  and  the 
ntitnber  of  cquiralcnta  of  carbou  will  pos^bly  in  all  thoae  cases  be 
fuuttil  to  bu  divisible  by  four  :  — 


» 


Acids  of  the  Okie  Series  (HO,Cj.Hj,_,0j),  or  (Cj,H3,^0J. 


liquid  Acids. 

MetauMiric  «oIiJ  A<nd«. 

C,H.O. 

c„a„o. 
c.n.,0. 

^:\         «--'- 

Blaidic 

C„H.O, 

poiut. 

Orlglu. 

51' 

6.- 

»3° 

DiMlUalioQ  of 
gljrMtin. 
Oil  of  Beo. 
Sinim  wlwJp. 
SiM-ityiag 

t  Tb«    Dngling 

'  UusUnl  tett\ 

mill  rM|i*WTml. 

113" 

AngeliM 

Kut. 

Acliuii  ur 
oltacMciJ. 

^ 


(11^5)  It  will  not  be  tiecLwary  to  dwell  loug  upon  any  acid 
of  tbii  group  csccpt  the  oleic. 

Acrylic  acid  {110,C„I1,0,)  is  obtained  by  the  oxidation  of 
acroleiu  (1071).  Diit  is  best  efl'cctcd  by  digesting  acrolein  on 
oxide  of  silver  in  excess ;  thu  puii};cut  srocll  of  acroleiu  di»«[iia'ant, 
«od  acrylatu  of  eilvcr  is  obtained  in  solutiou,  whiUt  metallic  silver 
is  dcponled,  and  water  is  eliminated : — 

A'W*!'''!.  JtPtj\ittn  nf  niter. 

ilcS.O^H  J + 5  A,i,0,  =  3  ( A^,C.H,0,) + a  Ag, + H.O,. 
If  the  acrylatv  of  silver  be  placed  in  a  bulb  lube,  kept  cool  by 
imaieHion  in  ice,  it  may  he  deeompuscd  by  tmu»)iii(tiiig  over  it  a 
KTj  slow  currcul  of  sulphuretted  hydrogen  :  sulphide  of  silver  is 
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fortRtti,  whilst  hydrated  acrylic  acid  is  lilxmtcd ;  the  latter 
be  dUtillcd  by  a  gentle  brat.  Acrylin  acid  ha»  an  agrrcabic  acid 
odour  and  it  biirnihg  tnxte.  It  rcijuire*  a  tein[)Orature  below  ^2° 
to  I'rcciieit.  Its  boilinj;  paiiit  is  above  313'',  and  it  may  be  dia- 
tillcd  uiicliangcx).  All  iU  salts  arc  Holubic:  tlic  salt  of  idlvcr  is 
one  of  the  most  ctanicU-riitSc  coinpoutida  of  tliia  acid ;  it  crystal- 
lixo«  in  anhydroos  ulken  nerdles,  which  inurhr(«inDbl«  thcacetal^ 
of  siher  in  appearance  ;  it  is  sparingly  soluble  in  cold  wat«^| 
boiling  wntcr  Occompoiws it, and  (lartially  rediioe<  the  ttilver.  Acn- 
Intc  of  silver  may  readily  be  furmed  frnm  tlie  erudc  pnxlucu  of  llw 
diHtjlUtion  of  oils;  the  distitUte  is  rcccilicd,  and  those  portions 


which  comt?  over  between  ico**  nnd 


140*  are  collectwl  eie|Mir«U;Iy  j 


« 


they  are  rectified  anew  from  chloride  of  caleiuni,  nod  arc  theu 
digested  on  an  excess  of  oxide  of  silver,  returning  the  portioat 
which  distil,  until  the  pungent  odour  of  acrolein  has  disap|H.-arcd  ; 
water  is  next  added,  and  the  liquid  h  distilled  to  carry  otF  the 
Ttrintile  oils;  after  nliich  thi-  boiling  liquid  is  filtered,  and  ^t  aside 
iu  0  dark  place  to  crystallin;.  Acnjlute  tif  soda  cryotallizvs  with 
j  Aq  iu  effloreaeeiit  prisms  which  are  vcrj  soluble.  Acrylate 
baryta  does  not  crystallise. 

Angdlc  odd  (HO,C,d1LOj)    is  met  with    in   the   root   of 
various  hinds  of  Anffffira  ;  it  is   niso  produced  by  ibe   action   of 
liydratG  of  potash,  aided  by  a  gentle  beat,  upon  the  oxidized  priu 
cipic  in  the  essence  of  canioniile  :— 

c7hA  +  K0,H0=  KO;c,„H^,  +  H,. 

Angelic  acid  forms  large,  striated,  colourless  prism*,  which  fuse 
1 13° ;  it  boils  at  374°,  and  may  be  dislillcd  without  undergottig 
deconipo»ition.  It  is  sparingly  soluble  in  cold  water,  but  freely  so 
in  boiling  water.  When  heated  with  hydrate  of  potnsli,  it  is 
decomposed  with  ettcape  of  hydrogen  into  acetate  and  propionate 
of  potash,  ill  accordanee  with  the  general  mode  of  decomposition 
of  the  oleic  Ecrira.  From  its  bigb  fusing  point,  and  from  the 
possibility  of  distilling  it  without  decomposition,  it  is,  howcrcr, 
obvious  that  it  does  not  belong  to  the  oleic  series,  but  probably  10 
the  claidir  group, 

Marinffic  acid  {HOjCjijlIpOj)  la  the  liquid  acid  extracted  from 
the  oil  of  ben  (Moringa  aptera) ;  it  become*  solid  at  31".  Oil  of 
bun,  from  ita  iitdisponitioit  to  become  rancid,  has  becJi  usod  as  the 
basis  of  Macassar  oil. 

PfiysfitoJdc  acid  (HO.CjjH^O,)  was  obtained  from  the  oil  of 
the  ordinary  sperm  whale  {Phf/Kter  macrocrphaius).     Accordiiig  to 


Soagman  tbe  oil  of  tbe  ground  nut  contouna  an  acid  of  tlie  same 
curapotution  as  the  pbysotolcic,  but  fusing  about  <j^°. 

Doet/iic  arid  was  extmoted  by  Scharlhig  from  the  oil  of  the 
Baltpna  rottrala  (ju  DBuiah,  Dayling],  b  apccies  of  Bpcrm  vbale. 
Tlic  cotnpoBitWa  of  this  oU  U  remarkable,  siuoe  tt  does  not  funi»b 
^Irocrin  wliew  kaponified,  but  a  conipouitd,  IIO,Cj,lI„jO,  which 
correspoDdi  in  composition  to  Uuric  alcohol.  The  oil  when  dis> 
tilled  givea  do  acroltio,  showing  tbe  absence  ofijlycerin. 

Et^uacacid  {HO,C„H„Oj)  isextriiclvtl  from  the  oil  of  the  white 
ixA  blad;  mustard  seed,  and  Irom  cuboi  oIL  It  is  liquid  at  tentpe' 
ntUTM  sbore  93*. 

(1136)  Oi,r.KT  A<-ii>  (HO,C,„H^O^=y  +  273). — The  inolation 
of  tills  aciit  in  a  state  of  purity  is  a  matter  of  souici  ilitliciilty, 
owing  to  its  teodeucy  to  combine  with  oxygen.  Oleic  add  is  ob< 
tuned  ID  u  crude  fumi  as  a  sc-condar}'  pruduct  in  the  manufBcture 
of  stearin  tiand]E>s.  In  order  to  obtain  the  pure  acHd,  Varrentrapp 
recoiQtnaids  tltat  almond  oil  be  euponiCal  with  potash  or  with 
•oda,  and  that  the  »ostp  be  decomposed  with  hydrochloric  acid. 
The  mixed  fatty  acids  are  theu  to  be  digested  with  half  their 
wrigbc  of  finely  jiovrdcred  oxide  of  lead.  Oa  digesting  the  niised 
adts  of  lead  with  twice  tlieir  Tolume  of  ether  for  24  hours,  the 
oleate  of  l«ad  vk  diMolvcd  and  separated  from  the  other  Halts. 
The  cthcnsl  wlutiou  w  then  tu  be  mixed  with  dilute  hydmcldoric 
acid,  whieh  decomposea  tbe  oloate;  the  oily  acid  is  di»»olvcd  by 
the  ether  and  riMs  to  tlie  ftorface.  The  ether  is  to  be  expelled  by 
beat,  and  the  acid  is  again  tu  lie  eotiverted  into  i)oai>  by  the  addi- 
tion of  au  alkali;  after  whtoh  it  is  separated  I'rotu  its  aqiieoua 
solutiui)  by  the  addition  of  <;Iiloridc  of  sodium,  pressed,  redissolvcd 
in  water  which  lius  been  boiled  for  some  timo  to  expel  the  air,M)[l 
fioalljr  decompocied  by  tartaric  acid  iu  vessels  tilled  with  carbonic 
waA  gas.  The  neid  thus  obtained  always  has  a  brown  colour^ 
owtug  to  the  action  of  the  atm(iBj>heric  oxygen  upon  it.  Gottlieb 
{lurilied  it  by  adding  to  the  acid  thus  obtained  a  larj^e  excess  of 
ammonia,  and  then  precipitating  it  by  meausofchloridcof  barium: 
oleate  of  baryta  thus  procured  h  dried  and  boiled  with  alcohol. 
DuriDg  titis  operation  the  salt  mell^  au:l  fornin  a  viscous  liquid, 
but  a  portion  of  it  is  dissolved  and  i^  depusited  in  erystulline  pluUis 
aa  thr  liquid  oools ;  thc«e  arc  again  cryetalliiiud  from  alcohol,  aud 
oa  dr««nposiiig  them  with  tartaric  acid  pureoleic  acid  is  obtained. 
The  alcohol  in  the  preceding  operation  retaio-i  the  impurities  which 
rmiler  the  onlinarjr  oJeate  of  baryta  so  fuaible :  pure  oleate  of 
haiyta  is  not  fusible  at  212''. 

rare  oleic  acid,  at  temperatiftefl  aborc  57',  forma  a  colourless. 


^ami 
■the 
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liiupid  oil,  mritliout  ta«tc  or  smell ;  it  doc«  not  redden  litmut  evi 
nhcii  (lisaolvnl  in  alcohol  :  at  40"  it  concretes  into  a  liari)  cry 
line  mass,  coinpo^od  of  fine  needles.  ^^Iieu  solid  it  utidergoea  uo 
change  iu  tl)C  air,  but  when  liquid  it  absorbs  oxjgcQ  rapidly, 
acquiring  a  hrovn  colour,  a  rancid  0(!our,  and  an  acid  reaction 
upoii  Litmus,  its  i>uiut  of  isuli(Iitic:iliuu  griuiually  beooniiug  lowered 
until  it  falls  below  0°  V.  Oleic  acid  cannot  be  distilled  witbout 
undergoing  decomposition :  a  large  quantity  of  liquid  and  of 
gaMUus  liydruiwbous  are  given  off  iii  tlie  distillation,  besides 
st-i-cral  acids  of  the  scries  Cj^llj^O^  but  tbc  most  charactcnHtic 
product  in  Kcbncic  acid  (113,5),  the  qunntitr  of  which,  however, 
appears  todimiiiiah  iu  proportion  as  the  oleic  acid  has  become  raore 
oxidized.      Oleic  is  tuetamcric  wifh  riciriolcic  acid. 

Oleic  acid  form»  tivo  classes  of  milts,  nonnal  and  ocirl.  The 
normftl  suits  uf  the  alkalies  arc  the  only  Holuble  oms.  They  form 
soaps,  and  by  the  cviiporation  of  their  aqueous  solution  they  may 
Ik  obtained  in  the  condition  of  an  STnorphons  mats.  Olcatc  of 
potflbh  forms  a  duft  Nuup,  which  is  the  cMcf  ingredient  in  Naples 
soap.  Olcate  of  soda  is  a  hard  soap,  and  enters  largely  into  the 
conijioeilioH  of  Mancillcs  soap.  The  acid  oloatM  of  the  olkaliu 
arc  liquid  and  insoluble.  The  metallic  oleatea,  eiicb  as  tboM  of 
copper  and  lead,  arc  nolnblc  in  cold  anbydrous  alcohol,  and  iu 
ctbcr  ;  tbcT  are  thus  separable  from  the  stearatcs  and  palmitat 
which  are  insoluble  in  theiie  liquids. 

(i  1 27)  Action  cf  Pcrandc  uj  Nitrogen  and  cf  Nitric  Acid  i 
Oleic  Acid. — Oleic  acid  by  cxjiosure  to  peroxide  of  nit 
becomes  converted  into  n  solid  fatty  acid,  isomeiic  nilb  oleic  acid, 
wliicli  has  been  called  ttaidic  acid.  In  effecting  thit  change  an 
excess  of  the  peroxide  must  be  avoided,  and  the  mats  miivt  be 
kept  cool.  The  cause  of  this  rciaarkable  change  is  unknown.  A 
small  quantity  of  ammonia  is  formed  during  the  reaction,  as  well 
as  a  portion  of  a  ncutriil  oily  body.  Tlie  quantity  of  jieroxtdc  of 
nitrogen  required  is  very  small,  not  cxcc«ding  T-,V^th  of  the  weight 
of  the  oleic  acid  (1051 ). 

Klitidie  acid  fuacv  at  nbuuC  113°;  it  In  very  soluble  in  alcohol, 
from  which  it  is  deposited  io  beautiful  pearly  scales ;  it  is  less 
soluble  in  ether.  Elaidic  acid  may  l>e  dixtilled  in  groat  part 
without  aUeration  ;  but  wlieu  fused  with  hydrate  of  potosli  ji 
yields  palmitic  and  acetic  acid,  like  oleic  acid. 


and  m 
oitatas,  1 
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When  oleic  acid  is  ^ubj^cted  i»  a  capacious  retort  to  the  acti 
of  a  large  excess  of  nitric  acid  of  tp.  gr.  i  '42  diluted  with  an  cqust 
bulk  of  water,  it  gradually  disa|ii)cars,  producing  a  copious  evo* 
lution  of  nitrous  fumes,  attended  with  a  noleut  reaction.    The 
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results  of  tbe  decomposition  ore  verycomplicated,  hut  the  products 
obtained  hy  this  method  of  oxidizing  oleic  acid  present  cuuwdcr- 
*blc  iutcrcst,  since  tticy  contnin,  acrordJitg  to  Recite nbacher,  all  tbe 
terms  of  the  homologous  series  of  tUe  volatilfi  acitla  (Cj.Hj,OJ 
from  the  ncetic  to  the  capric  acid  iucIiiMivc,  tlicsc  itcids  being  found 
in  tbe  distillate  ;  whilst  five  or  six  Rxed  aciiltt  »i-c  ]ctt  in  the  retort, 
nnd  thcB£  form  contiguous  temiii  of  a  group  of  homologous  dihaaic 
acids  of  the  formula  2  HO,(C^Hj^Ofl.  The  tiuantity  of  the 
volatile  acids  is  greater  when  the  nitric  acid  used  is  very  coocea- 
tratcd;  if  it  be  more  dilute,  that  of  the  fixed  aciiis  i«  incrensed. 

Ifixctl  acida  wliich  remain  iu  the  retort,  are  tlie  following  :— 
Anchoic  (Lepargylic)  acid     .     .     a  II0,C,gH„O^ 
Suberic  acid 2  IiO,C,f,fl,jOj 
Piimdic  aeid a  HO,C|^H„jO, 
Adipie  acid a  MO,C 
Lipic  acid 2  IIO.C 
Succiuic  acid 2  110,0 

It  U  iDterceting  to  remark  that  another  aeid  of  thi«  group — viz., 
■jtbc  «eh&cic  acid  (2  HO.Cji^Hi^Og)  is  a  cliarafiteristic  product  of  the 
^tli»tiltatioti  of  oleic  acid.     Some  of  tbe  acid^  of  this  »cria<t  will  now 

he  dwcribeiL 


(c)  Dibasic  Acuta  of  the  Oxalic  Seria  (2  llO,C^.IIj^jOJ. 

(1128)  AJI  tlie  acida  belonging  to  this  scrips  possess  a  coast- 
ilprable  volalility,  and  may  be  partiiiliy  sublimed  without  under- 
gniug  decomposition :  they  ore  eoluble  to  n  lurgc  extent  in  boiling 
WMter  an  well  aa  in  alcohol :  they  are  likewise  loluble  in  ether,  and 
may  be  obtained  in  cry^Iuts  without  difficulty  :  »ome  of  tlicm,  like 
oxalic  acid,  crystallise  with  4  Aq.  Oxultc  acid  forms  the  lowest 
term  iu  tbi*  group,  ami  sehacic  the  highest  which  is  at  present 
koown.  The  following  tabic  contains  the  names  of  the  ociJd 
»hich  bnTC  been  nsccrLaincd  to  belong  to  this  serica  : — 


OuHe    . 

SaceiBb. 
Upk.  . 
Anpie  . 
ItoaBs  . 
flWWt«   . 


PwMdK 


FtwitLg  (Knsl. 


1  BO.C,       0, 

I  Ho.c,  n,o,| 

aHO.C,  a,0, 
,.HO,c,.ll,o,; 

1  HO.(„H,.rt. 
I  HQ,C,.ll.,0,' 
.  IIU.CII./". 
»K0,f„H,.O. 


I  RnblloiM    bo- 
I    foro  funiiiK. 

bliuut  ]uo* 
166' 


App'fATVQOr, 


4-*i(1<xI  prinnw  iA&  4  Aq. 

RUonvboKodrul  ciytlaiK. 

Fuuftiidij'i  uriiHH, 

Ulivnibic  ^iHmiii,  VC17  saluble. 

Itulitttcil  lufle. 

Hard  gihuuUr  crj^lal*. 

Wbtta  ctjitiJliD*  jrawdoT. 

Tbin  pMrijp  pUtM. 
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DiaAsic  Acuw  or  tbe  oxauc  sbvie*. 


The  scitU  of  ttiu  group  stniid  in  tite  same  relation  to  tE 
diatomic  nlcohoU  that  those  or  the  ucvtic  group  do  to  tlie  mo&&< 
tomic  alcohols,  glycol  being  ccinTcrte<l  bj-  gradual  oxidation  into 
oxalic  acid,  im  ordimiry  alcohol  in  into  acetic  acid.  The  lactic  «!*! 
(eriai  appnani  to  constitute  an  interuiudiate  Rroup  of  acids,  the  for- 
mation of  which  occum  during  the  proccw  of  oxidation  of  the  glycols 
or  diatomic  alcohols.  Thus,  for  oxninpli*,  gljcol,  l>y  thealworptionof 
4  atoms  of  oxygen  and  tlic  dinii nation  of  2  of  water,  fumisbca 
glyceric  acid,  aud  this  Etrid,  by  the  further  Abcmrption  of  4  of  oxygen 
and  the  cliniination  of  2  of  witter,  fiiniixhcs  oxalic  acitl.  By  1 
similar  action  of  oxygen  and  separation  of  water  ve  have  tJi£ 
following  compounds: — 


TrUrl-flyraL 
ToUTl-fljrcciL 


OnlicioM. 
HilMritaiU. 

3  HO.C.ll^  i 

Sacvinii;  Kid. 


C^„0,  1IO,C,H,0,  2  HO.C\H,0^ 

The  gtycolic  scries  of  acids  upoii   this  view  roust  be  rcgai 
&A  monobasic,  though  diatomic  (10S9].* 

Oxalic  acid  has  been  already  dcscrilsed,  Part  II.  p.  261. 

(1129)   Matonir   Add   (2  HO,CjHjO^  =  i8  +  86).— This     acii 
according  to  Bcesaignos  [Liebitfa  Aanal.  cvii.  251)  may  be  ob> 


4 


*  An  int«reirt!ii^  acid,  tl<«  glymalif,  dineorercd  l>y  Polma  (PA*I.  Jfag., 
Nov.,  i8^fi),  is  probnblr  the  type  of  »  group  coumtLinK  ihc  glycoiie 
vith  llu*  oxbIic:  Aerii^H.  It  is  iiroruri^il  hr  t)t«  n^dunl  dctompMttiaa  of 
Bitrouiclht^r  by  meanK  ofwaUT.  Tlie  nci^  liquid  obtAiDcd  tliua  t>  mpo- 
nt*d  ill  quauliliva  not  i>K<iM^iliii;;  &n  omuw  ata  time  ovitr  Uu  nMer-Wb.  till 
of  tUo  rnii«>iili*noc  of  ■yrup,  nlii^n  n  inixl.urp  of  f(If colic,  oxallo,  and  BtjroKklio 
■piii  villi  ibo  fil()(-liv>l  of  glycol  (|{It"xh1)  rciDoiuH.  Il  is  neutralised  wiUicar- 
bontttPoDiair  nuilllic  liiiiiiit  in  in'ixt^  trilli  an  pquiJ  bulk  of  aloolKti  The 
lime  Haiti  are  p red p Hated,  and  ulyoxal  [C,1L0,)  in  Ktaiuuii  in  nlution.     Tho 

Sri'ripitnlo  ii  nivtiiM  and  tronit'd  ^itli  bulling  wain-,  «Kiob  ou  eoolinic 
eycuiif  small,  nni'ii  pn«iii*  of  plvoxulnlc  of  linie(CnO,C,HOj+a  Aq),  wbtlw 
■  auuMt?  ink  uf  nUculalt-aud  (jljoxalalu  of  licim  rcmaini  in  the  Dioiber  lti|uor. 
Glyoxaiic  idd  (C,tLU,)  i&ay  be  obMiacd  frotu  the  Kljoxabte  of  line  by  the 
eautioiu  >ddilion  cf  oialio  acid,  and  by  eTaponilion  majr  be  promrod  intlio 
rorm  ofaddiqiHMcAutityriipy  liquid,  nbirbmay  be  voiatdiiMatmoal  valiout, 
residue  by  licul,  witlitliefrniiBaionol'nrliitvruinc^B.  Il  iamrtanerir  ■  !tli  fcniiic 
anhjdnde.aaditia  probably  diatomic.  AdiBntcUTisticrea^jtionorglyoxalicacfd 
i«  tQefonnatioa  iritL  licno  oftwo  uUt«,otiuof  nliictiia  soluble  and  oijalallian 
in  Lard  priama,  whibl  tlitt  trcnind.  wliii-li  i«  procnrtd  by  tli»  addition  of  limp 
wator  (o  tb4'  solution  of  Qie  firat,  is  nearly  inaoluble.  but  tW  lati^r  salt 
fpecJilj-  uiiJiTjcm-a  •ponUD«OTu  dccoupoiition.  and  a  mixture  of  w  aicr  ux)  nf 
tfzo/ate  asJ^'lycolatr  of  Uuu  In  ibe  iv&iAl.    'VSHtwan  <\^ua%c*Akaa  ^lan  ttiQ 
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kiocd  by  the  oxidation  of  miJic  acid.  To  n  cotit,  dilntc  noliition 
[of  malic  acid,  small  quantities  of  solid  bichromate  of  potash  arc  to 
[lie  ^^radually  added  until  a  qnantit^  of  the  salt  about  etjual  in 
weight  to  the  malic  acid  has  been  uncr).  The  liquid  is  diluted, 
aiid  the  reduced  oiide  of  chromium  neiiaratifd  by  the  addition  of 
ao  exce»9  of  luilk  of  lime.  The  grceninh  filtrate  is  inixecl  with 
acetate  of  lead,  and  the  mixed  precipitate  of  mnlonatc  and  eliroinatc 
of  lead  u  mixed  with  nitric  acid  in  quantity  infScient  to  dccotnpase 
the  organic  salt.  Tlie  filtrate  is  mixed  with  about  three>fourths 
of  the  qunntitr  of  amnionic  nccesJUiry  to  neutralize  it,  and  the 
nukinate  of  leail  which  is  thrown  dotrn  is  wash»l,  Biispended 
iu  water,  aiid  decouipoaeil  by  a  current  of  sulphuretted  hydrogen 
gas.  On  evaporating  the  liltrate,  ery-itlaU  of  malonic  aciil  are 
formed  in  a  greenish  ayrnpy  liquid  whi(;li  contains  malit?  neid  and 
a  little  oxide  of  chromium.  The  crystale  are  drained  niul  rccrys- 
tallized.  The  acid  forms  large  rhomhohcdral  crystals  which  split 
readily  into  laminie.  It  is  freely  suluble  in  water  and  in  alcohol, 
haa  •  Mur  taatc,  at  184**  it  nielui,  acid  at  302°  it  is  partly  sub- 
limed unaltered,  and  partly  CQOvcrtcd  iuto  a  mixture  of  carbonic 
and  acetic  neiiU : — 


HklLtDitT  tpid. 


Afntu:  feebL      Cm  li.  *ciij. 


C.H.O,  =  C»H,0,+C,0^. 

Malonalei. — The  a&lts  of  malonic  acid  with  the  alkalice  are 
•oloblr,  their  mlutions  give  white  prceipitatcs  with  the  solution!  nf 
mIu  of  lime,  haryta,  lead,  mercury,  and  silver,  but  none  witli  .«aU:t 
of  iron.  The  salts  of  suboxide  of  mercury  give  a  white  precipitate, 
wtiich  blackens  if  the  hqiiid  he  boiled.  The  malouates  of  potash  and 
amoioata  are  deliqneacent,  but  crystallisable ;  the  baryta  uilt  forms 
•paringly  aolublc  silky  tufts  ;  the  lime  salt  famishes  smtill  tram- 

1    i*fent  Dcodlca  ;  the  silver  salt  falb  as  a  crystulUnt;  powder. 

^B      The  malouic  resembles  oxalic  acid  more  tbau  it  does  the 

^nnacit 

I      U  lt» 


twc. 


[1130)  Succinic  Add  (a  HO,C,n,0^=i8  +  ioo).— Thin  acid, 
u  it»  luunc  implies,  was  origiuaLly  oblained  from  auber  (fifcct^urn), 


!  rspidly  if  the  lime  valor  W  in  elii^ht  ejcesa  and  the  liquid  is  boiled ; 
'  ikt  dMOuposittmi  is  ahowu  b;  the  equstiun  :— 

(I1|>l>bll  iifftlil  Oialkls <if Unin.      GI^lnlvflfllnM. 

JlC«O.C,ni:VjUO)  +  C»0,HO.  =  a  cioAO,  +  CsO.C.HJo;  +  a  H,0,. 

Hk  Dohiblr  jiljoxalalr*  f-iTc  a  irbit«  orj'aliitliiie  procipltntc  with  accltto  of 
ImI,  aoIaMc  in  arptitr  acid,  but  no  prccipltnte  with  eiiWr  nitrate  of  stlTcr. 
ntnte of  barrta,  oeehluf\iu  of  copper.  It  is  probibli;  thnL  slynxnlic  acid  it 
iW  tri-4>  ur  ■  ehua  of  similar  tUMtancM,  tlie  $«ueral  t'ortattla  oE  «\utiK  u. 


3G8 
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in  which  it  cxiftts  rcaily  fnrmcd.  Wlicn  amtMr  is  auhniittcd 
dcAtructire  ilistillatioii,  a  quantity  of  succinio  acid  passes  over 
iimung«t  other  suh«t&nccs.  It  is,  liuwevcr,  efl«ily  obtitiiied  orti* 
ticinlly,  l)j^  acting  upon  stearic  or  pnlmilic  add  with  nitric  acid. 
Succinic  urid  hUo  occiint  in  the  leaves  of  the  wormuood  and  in 
tlic  Twins  of  nrnny  of  the  pine  tribe.  It  may  likcwiito  be  obtMoed, 
by  fermciitBtion,  fiom  asparn^n,  and  from  malic  acid  (Dcsaaigncs), 
mahitc  of  lituc  yielding  nearly  onv-third  of  its  weight  of  it.  In 
order  to  procnro  it  from  malic  acid,  3lh.  of  crude  malat*  of  hme 
are  to  be  diffused  through  a  gallon  of  warm  water,  and  fonr  ootirra 
of  decayed  chee»c  are  to  lie  added  to  the  mixture,  which  i«  to  be 
kept  at  a  temperature  of  loo°  for  ahout  a  week.  Carbonic  acirf 
is  disengaged,  whilst  a  mixture  of  crvftalli^ed  carbonate  aud  xiioct* 
natc  of  time  ie  deposited,  uud  acetate  of  lime  reoiaius  in  solution 
(114x3]. 

Hitl«U  oTUine,         Bunjaalp  of  lime.        iMtaW  oriime. 

The  d(?positcd  succinate  of  lime  is  to  be  collected  upon  «  Itneo 
filter  aud  nashed  uilh  coht  water,  tttter  which  it  may  \x:  dccom- 
posod  liy  Iiydnicli loric  aciil,  and  the  succinic  acid  purified  bjT 
eryatalliintion.  The  decomposition,  however,  i«  not  always  so 
aimple  as  is  reprcsL-tiled  in  the  forcgning;  equation.  The  rorm^ 
lioa  of  lactate  of  lime  tta^j  often  beeu  ub^crvcd  to  aocoiopany  the 
tmnsforcnation  of  nialic  into  fuocinic  acid,  and  it  frcqaently 
bappenii,  particularly  if  the  temperature  Ix*  at  all  high,  that  a 
quantity  of  hydrogen  is  disengaged  during  the  fcrmcntutioii:  when 
this  occurs  it  indicntcs  the  formation  of  butyric  acid,  whi<^  ia  aisO 
»ecc3mi»anicd  hy  a  Kmall  r|iiaiitity  of  an  ctu^ntial  oil  with  nn  agree- 
able odour  of  apples.  The  rehttiou  of  muUc  to  luetic  acid  ia 
simple  ;— 


Xdlcviil. 


iMtir  HFiil. 


2HO,C,H.O,   =  HO,C,UP.+C,0.; 

and  the  presence  of  lactic  add  readily  accounts  for  the  format 
of  butyric  aeid  (1158).  An  interesting  relation  nl»o  exists  betwi 
butyric  and  succinic  acidi*;  butyric  acid  when  treated  with  dHI 
acid  being  convertible  by  oxidation  into  the  euccinic: — 

BotrrlsMld.  Sucriclc  aoid. 

Succinic   add  crystallizes    in   lai-gc,  regular  ritombic   labia,] 
which  recpiire  6vc  parts  of  cold   and   two  of  boiling  nater  To 
auluiion.     Alcohol    dissolves  it   freely,    but  it   is   only    sparingly] 
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•Inblc  in  ctlicr.  Succiuic  acid  melts  Bt  &  teoiperatiire  of  froiu 
7**  to  35***!  but  if  »uil<Vnlv  lieiited  to  455*'  it  melts  boils,  and 
lUimes  oompletely.  During  the  sulilimution  tlic!  acrid  la<iv!i  a 
rtioD  of  its  water,  and  if  distitled  nJtU  anlijtliXfUd  [>lio3|)liori(: 
a  tlie  aniij-dride  (C^II^O^)  may  Ik  obtained  without  difficult;', 
iiceiiiic  aiihydridL'  is  soluble  in  alcohol  and  in  water;  its  aqiiponti 
lution  rapidly  bc^coruea  converted  itito  the  oniiuary  bydrati-d 
id. 

Succinic  add  ia  a  vorv  stable  compound.     Tt  inny  lie  hoib^d 

T  many  hours  with  strung  nitric  acidwiihuut  utidL-r;j;ui[ig  decora- 

|)OMtion,  and  its  ac]iicou8  solution  ia  not  affected  by  chlorine,  or  by 

m  mixture  of  chlorate  of  potash  mid  bydrnehloric  acid,     Sneoinie 

add  fornnA  two  classes  of  snlts,  iiunnul  and  iieid,  but  with  potaxh 

it  yidds  three  salts; — a  normal  deliquescent  salt  (3  KO.C^HjOj 

++Afi);  a«  acid  salt  (KO,HO,C^I[,Oj4-4  Aq  ;   IKipping).  which 

crystallizes    in    transparent    elUorenceiit    six-sided    prisms,    aolii- 

le  in  ntcobol ;    and    a    roniarkablc  superacid    salt    (KO,  j  110, 

2  C^HjO, +  1  A(|),  oorrcBpondhig  to   the  qiudroxalatc  of  potash; 

this    salt    may    bo    dc[irived    of    3    equivalctits    of    water    by 

rsising  it«  temperature  to  312°   (l-'ehling).      Succinate  qf  stMia 

{i  NaO,C„H,Og+  13  Aq)    crystallizes  in   transparent  rkotuhoidal 

lirianis.     Suceuiate  0/  ammonia  (2  HiNO,  CgH,0„)  is  sometiruea 

tniiloycil  to  aepanile  iron  in  perfectly  ueiitral  solutions  from  nalts 

of  nicliel,   cobalt,   and   mangniieso.       SucciHalfr  0/  magntsia  and 

patash   (MgO.KO.C^H ,(},,  +  5  Aq)    may   be   obtained    in    double 

(iz>uded  jiyramids,  by  allowing  the  two  salts  miicd  in  equivalent 

proportions  to  cry%talliKC  together.      Siicchiic  acid   foriiiA  M^veral 

nearly  insol'ihtc  compounds  with  oxide  of  ieadi   the  normal  aalt 

|(i  PbO,C^II,OJ   is    nliitc    and    crystalline ;   another    compound, 

(3  PbOjCjlIjOj),  w  fu!.ib'e  in  warm  water;  and   if  either  of  the 

fowling  precipitates  he  digested  with  ammonia,  a  compound  may 

be  obtaineil  will)  a  atill  larger*proportioQ  of  base. 

The  succinates  are  cliHraclcrizcd  by  the  bulky  brown   precipi- 
tate of  pcrsuecinate  of  iron   whit^  they  yidd  in  neutral  eolutJous 
I  of  salts  of  the  sesquioxide  of  iron. 

I  Succinic  acid  oiuihiuot  readily  with  sulphuric  anhydride, 
Land  forms  a  dcliqucoeut  crystallizable  compound  acid,  tcrmctl 
I  nmno-tnSphurie  add  (3  nO,C^H,0,,SjOg4  2  Aq),  which  requires  3 
I  apiiTaleuta  of  base  fur  its  saturation, 

I  (''3O  When  succinic  anhydride  is  distilled  with  an  equiva. 
I  lent  qoantitj  of  perchloride  of  phosp)ioru«i,  oxychloride  of  |)ho»- 
Ipliorwi  panacs  over  at  first;  and  at  a  more  cleratul  tempcra- 
Iture  tticci/tic  oxychloride  (CJIjO,C!,)  iaobtaincd.     This  compound 

L     3  B  0  ^^^ 


KA 
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widi  Uie  leetoiue;  but  the  laclac  U  an 
[  iBluuUnc  ■od. 

(113SI   Licnc     Acid    [no,C(n.O,  =  9  +  8i)^— Thai 
MB  uiost    b¥oanbIe  to  the    prcMluction   of  tlite 
jabc^jr  teeo  nBotkned  (969).     It  is  beat  obiaiacd 
8  puis  of  CUM  cagw  in  ftboat  50  parts  of   wnterj| 
iCilM    1    pnC  of  casein,  or  of  poor  cbccse,    and  j ' 
ft.  mast  be  aUed  :  if  tbis  mtitate  be  ut  aaiile  fur  tt 
fts>   9ad   ■■iiUiiiiil   ai   a  temperature   of  80°,  it 
filled  vitb   a  maM  of  crystaU  uf  lact^atc  of  tin 
Nit  be  purified  bf  re-ciystaliitation,  and 
tbiid  of  ibdr  weielit,  or  tbcir  exact  clmnicMl  1 
add;  the   rcHdoe  mast  then  be  digentei)  ii 
h  ienca  the  solpbate  of  lime  ami  dissotros  tbe 
Itctx  acid  neaaios  an  evaporatbig  ibe  solution. 
K«lear  ooMdas  tkat  a  specific  fcrtncnt  is  eon 
.  of  tbe  taetie  femieiitation.     During  tbo 
of  the  ■KXtare  of  ci^ar  aod  casein  witb  clialk,  a  Inrfr  1 
«f  *^Ky  aatWanae  ■>  abumtJ  apOD  the  surface  of  the  1 
IbM  inlutiBBa  BMf  be  obtained  free  from  admixture  bri 
vaAcd  ftatA  in  I  j  or  10  times  its  weight  of  Ixnling 
•dHms  I  put  of  npr  ia  so  of  the  litterod  liquid,  sdd 
■■al  tb«B  a  Tcry  aauB  i]ttttititj-  of  the  ^re>v  i^u>tt  st 
aeaed,  taken  Eroii  a  portkia  of  liquid  in  tbe  acttre  siaj^e  ' 
TIk  acad  fcrmenlatioa  mpitlly  rets  in, 
•ad  the  gnj  aediaieot  is  gradually  dcpuait 
mtaniiHt  qaaadtT  :  a  lolntion  of  any  nitrogenous  snl 
ia  tbia  case  be  sabMitalcd  for  tbe  lofuaioQ  of  beer 
AnaaaA  tfaaa  ohtaiood,  wbea  examioed  hy  tbe  mionMaope, 
eOMMlt  of  litUe  globolca,  or  my  than  articalations,  cit 
or  ia  tbitadSt  ooonilatii^  tntgtdar  flocculcat   partic 
mater  tbaa  iboae  of  beer  yenA,  and  esliibiting  n  ni|tid 
noCiMt.     Wbeo  vaabed  *idi  a  larg;e  quantity  of  pare 
t^n  itifumT  tbnMfb  a  aolatkm  of  pure  HU{?ur,  ufidific 
mmmmvmmmHaXdf,  and  proceeds  (rradnnlly  until  atrr 
ostna  of  &tv  aeid.     The  fbrmaboa  of  lactic  acid  i«  a]i 
faoM   by  tbe  drarkipciieac  of  small  qanntitiea  of 
altobrlt  maanite,  and  a  viseotis  sabstatuw, — tbe  proj 
bodks  TVTtiig  jpn^tly  i°  diOineiit  expchtuents.     \Vbea ! 
H  kapt  acatiBl  b;  oie  addiboa  uf  dulk,  litUo  ot  tto  mi 
gan  are  nna(d> 

liACtic  acid  n  alao  focnocd  in  a  *aricty  of  other  pr 


SVBEKtC   ACID. 

\ty   dtgorting  tucdnie  scid  in  n  sc&lc<]  tube    for   some 
u  a  imapcraiare  »r  3jA°  rUIi  brcxuinc  and  a  onnnidcrnbte 
of  witUT.      It  U  fively  aolnblo  in  water,  ami  cr^iMaltiiMn 
Eilcr    difficulty  tb&u   dihromosucrinie  acid.       When   an 

1  lolution  of  this  acid  is  boiled  with  oxide  of  silver,  brouiide 
n>  formed,  and  matnte  of  tiilvcr  is  obtained  : — 

2  HO.(\H,  BrO,  +  3  AgO  =  aAgO.Cgll.Os  +  AgBr. 

ncocversioo  of  tartaric  and  malic  into  succinic  acid  may 
bcfiected  by  beating  th<;m  witK  hydriodic  acid  in  a  sealed 
flome  hour*.  Iodine  is  liberated  aud  succiuic  add  cryg. 
oa  vt-aporatiug  tlic  solution  : — 

MWtc  kcid.  .     BoecWi  acid. 

3n^>.c;H/J.+3HI  =  .H0:C,H7>.+   H.0,+  I,, 

tbrec  next  terms  of  the  scrica — viis.,  the  lipic,  adipic,  and 
tscids,  are  unimportant:  tJiey  tre  fonned  along  ir it h  suIxtic 
tbc  oiidation  of  oleic  by  uitric  acid ;  tlicHe  acids  may 
lijted  witliout  riiHiculty. 

ij  Sitt^ric    Acid  \i  UO,C,^II|jOJ. — Tbls  compound  was 

obaerted  among  the  product*  of  the  oxidHlion  of  cork 

arid,  and  beuce  it  dcrivw  itn  name  (fruni  mber,  cork). 

re%er,  ricldG  it  in  but  very  small  quantity,  and  even  that 

is  probably  owing  to  the  presence  of  a  Bmall  proportion 

|itnattr-r.     The  iicid  is  a  rnlhw  frequent  product  of  the  osi- 

die  fata,  and  particnlarly  of  the  acids  of  tlic  stearic  Boriea. 

ly  obtained  by  boiling  stearic  acid  with  nitric  ncid  for 

;  npoti  concentrating  the  iiqnid  it  deposits  crjstals  of 

Hd,  mixed  with  a  large  quaiuity  of  snreinic  acid.     Tho 

is  easily  removed  by  washing  with  cold  water,  nnd  tlie 

aolubic  suberic  acid  is  purira-d  by  crjstallijtutiou  from 

rstrr.      It  forms  a  white  crj-stallinc  po»dcr,  dralitute  of 

liut  having  a  slightly  acid  tnntc,  aud  feebly  reddening  litmus 

It  reqtrirea  about  loo  times  ila  weight  of  cold  water  for 

I.  but   viily  twice  Its  weight  of  boiling  water.      It  is  aUo 

m   alcobol  and  in  ether.     When  heated  it  fases  at  almtit 

cfrcrps  up  the  side  of  the  rcasel  in  which  it  is  heated, 

a  sort  of  spurious  enldimatton  at  a  higb  temperature. 

of  the  alkalieA  and  of  the  earths  are  aoluMc  and 

ible;   ^^  yi*^)^  ^'*^  ^'^  of  lend,  silver,  and  zinc,  wViile 

aolublv  prwipitatcf- 

BBS 
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(i  134)  Anehoie  or  Lepargytie  Acid  (HO,C|,H„0J  wm  fomA , 
hy  Bucktou  nniutig  tlic  i)rui1uc:tA  of  Uic  oxidation  of  CbincM:  naxj 
and  hy  Wint  amoug  those  of  cocoa-nut  oil  bv  a  similar  process. ' 
It  crystfilUziis  ill  nbitc  narty  mawhes,  fuses  at  abotit  2^*)'°,  and  is  i 
freely  soIuIjIc  in  boiling  water.  Its  vaiMDura  hari;  a  pcmilJarly , 
irritating  elTect  iijion  the  organs  of  reB[iira(ioii.  ^H 

(1135)  Xciadf  -4cirf  (1  110,  C.joll„0^.—'PIiis  ncid   ia  cflM^ 
obtained  by  the  distiUation  of  oleic  acid,  and  most  of  tht;  fixed  oils  1 
aUo  yield   it  by  dUtillation,  owing   to  tlie   decomposition  of  tKc  ' 
oleiu  nliicb  they  contain  :  the  acid  i«  accompanied  io  this  opera- 
tion by  various  Iiydnicurhons.  and  by  other  rolatilc  acida.     It  may 
likewise    be    readily   obtained   iu    large   qtiaiitity    from  the  fixd 
rc-iiduc  of  the  distillation   of  onnlor  oil   with  hydrate   of  potasli; 
riciuoleic  acid  yielding  octylic  (cuprylic)  alcohol,  sebacic  acid,  tud 
free  hydrogen : — 

ItMnnlfiD  Kid.  OdTtlotaeobol.         S«lMit*orpota)k. 

HO.C„H^.+j(KO.HO)  =ci^.0,H0+iK0.C„H„04+a  U 

Tlic  seWti^  of  potash  is*  diseiolTed  in  boiliug  water  aiul  dvcamf 
by  the  addittoti  of  bydrochlonc  acid ;  febscic  acid  crystallizes  in 
needles  as  the  liquid  coots.     This  acid  is  easily  rect^iiscd  by  its 
ready  solubility  in   boiling   watt-r,   from    which    it  crystallizes  in  I 
pearly  scales,  as  it  is  nearly  iutioluble  at  onlinary  tempemtiircs. 
Tt  fuftes  at  260°,  and  may  be  sublimed  without  decomponitioDi  f 
becomiiig  condcoKcd  in   n^edlex  which  m^cmhlc  tlHseo  of  beiiu»c' 
ncid.     ItR  vapourH  have  a  greasy  odour,  and  produce  a  very  irri'i 
tating  effect  upon  the   lungs.     Sebacic  acid  is  very  soluble  io' 
alcohol  and  in  ether.      By  oxidation  with  nitric  acid  it  yields  a 
mixture  of  lipic  and  succiDie  acids,  mistaken  by  Schliepcr  lot; 
pyrotartaric  acid. 

Sebacic  acid  forms  both  normal  and  ncid  salts.     The  aeba*. 
the  alkalic*  and  of  the  eartha  are  soluhlCj  but  the  other  acbatctt 
are  nearly  iuitoluble. 


pr  for; 


(rf)     Adds  0/ the  CJycohc  Ser'm.  (Cjj,II^OJ. 

(1136)  Intermediate  lictwecn  the  acetic  and  the  osalic  ecrii 
of  acids  ii  one  which  may  be  described  as  the  glycolic  series. 


IctMr. 


oirouiio. 


Oiillo. 


Cj,Hs,0.     ;     C„Hj,0,     ;     C^H^^.Og. 


It  includes  the  following  terms : — 


L4CTA-TKS.  ^^^^^^^^^F  3'7 

.  =  :lic  proi>eftie«  of  the  onUtuiry 

lit;  mhca  present  in  small  quaa- 

tli<!   coll),   but  ilocs  so  if  gently 

lui  Willi  mljihuric  acid,  irive  off 

ft  soliil  brown  matter  rej«iublitig 

iL,  ^.ii;  lactic  is  cuDvcrtcd  iuto  oxalic 

irr  oot  rorjr  defiuitc.     The  best  mode 

it  lie  irvo  or  tii  combination),  cutisistd 

M»]wcled  to  ctitituiu  it,  to  the  consis. 

natcr>bath,  treating  the  residue  with 

nil  cjituiititv  of  »  suUtciou  of  oxiiJic  iicid  : 

iritted  in  oomhiaatioii  with  the  oxalic  sdd, 

Ihu  ctcxrss  of  oxalic  acid  remain  dissolred. 

fullv  iic'utrslixcd    by  baryta  water,   irhicli 

'oxalate  of  banta,  whilst  the  lactate  of  this 

The  lactate  of  barvta  may  be  dccom- 

K>tntioD  of  Kulphntc  of  Unic  ;   sulphate  uf  tnrj'tn 

[and  tb«  lactate  of  limr  maybe  crystalliiied  from 

a,  aiid  the  form  of  the  crystals  ascertained 

lydmuA  lactate  of  lime  is   dixtiilcd  with  twice  its 
liloride  of  pho^phoms,  it  yields  a  colourless  body, 

tied  chhrlactyl  (C„n,OyCI,jl,  the  oxvchloridc  of 
lis  aub^tatioe,  wbvn  dueoiDposed  by  water  and 
Droprupioiiic  acid,  from  which  propionic  acid  is 
a  also  succeeded  in  cooTCrtiiig  lactic  acid  into 
laliinitiDg  the  laijtic  with  liydriodic  acid,  keeping 
lool,  theu  senliiig  it  ia  a  tube,  and  heating  it  to 
itiiiM;.      Iodine   is   hburutcd   and  proniouic  acid  ia 

^^^K  PMplMlttfU. 

|^^+  a  HI  =  IIOC JI^,  +  Ij  4  H,Oj. 

is  cflected  still  more  oatrily   by  diatilliog  y^  parts 
fitli  4  of  biiiiodiilc  of  phosphorus,  ivhett  propioaic^ 
Juured  with  a  Uttit*  free  iudiuc. 
comparatively  little  is   kuown.     It  is  a  pro- 
uoditiuu  of  tvuciuc  (1417]. 
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LjlCnC    ACID — ITS    raCPjkUjLTIOK. 


rcum-    1 
1 


int,  I 
,ol,   I 

1 


not  iilcntic&l,  with  the  acctonie ;  but  the  lactic  is  au  impo. 
and  iutere«tiiig  acid. 

{1J38)  LuLCTic  Acid  {}iO,C^1lfi^'=9  +  8t).—The  circu 
siflnocs  moHt  favoarable  to  the  production  of  this  acid  have 
nlrcady  bccii  mentioned  (<)6^).  It  is  best  obtained  by  dinsotr- 
ing  8  partK  of  cane  eu^r  in  about  50  purta  of  water ;  to  tliii 
sohitioii  I  part  of  casein,  or  of  poor  cheese,  and  3  parts  of 
clialk  muHt  be  added  :  if  this  mixture  be  set  acide  for  two  or  thret 
weeks,  and  maintnincd  at  a  tctnpcruttirc  of  80°,  it  grailnalljr 
becomes  filled  with  n  luasa  of  crystals  uf  lactate  of  lime.  These 
crystals  niust  he  puritied  by  rc-erysulliz&tioii,  nttd  treated  witli 
about  one  third  of  tbeir  weight,  or  their  exact  chemical  equivalent, 
of  »idpliiiric  auid;  the  residue  must  then  he  digesUsI  in  alcohol, 
which  leaves  the  sulpliato  of  lime  and  dissolves  the  lactic  acid^ 
pure  lactic  acid  remains  on  e^-aporating  the  solution. 

Piwtcur  ooii«lder«  that  a  sifpcific  ferment  !«  concerned  in 
production  of  the  lactic  fermentation.  During  the  fermentation 
of  the  mixture  of  kugar  and  casein  with  chalk,  a  layer  of  particles 
of  t^ey  6ub»t<ince  is  obscrrcrl  upou  the  surface  of  the  sediment. 
This  suhfttaiice  mny  he  ohtaiued  free  from  admixture  hy  digMtiiig 
washed  yeast  in  15  or  !io  times  its  weight  of  boiling  water,  dia* 
solving  I  part  of  sugar  in  20  of  the  filtered  liquid,  adding  chalk, 
and  tlicii  a  very  itniall  ijuatitily  of  the  grey  dtrpo^it  »lx>ve  meu- 
tioiicd,  taken  from  a  portiou  of  Uquid  iu  the  active  sta^  of  1 
fermcnution.  The  acid  fermentation  rapidly  ecta  in,  the  ch. 
diKRp]>i^nrH,  and  thv  grey  sediment  is  gradiinlLy  deposited  in  con- 
siderable quantity  :  a  solution  of  any  nitrogetmus  substance  may 
in  this  case  lie  substituted  for  the  infusion  uf  beer  yeast.  The 
ferment  thus  obtained,  whcti  examined  by  the  microscope,  is  seen  to 
oonsist  of  little  globnlcs,or  very  short  articulations,  cither  isolated 
or  in  threads,  coimtituting  irregular  docculcnt  particles,  much 
smaller  than  those  of  beer  ycR'^t,  and  cxhihitiiig  a  rapid  gyratory 
motion.  When  washed  with  a  large  quantity  of  {wre  water  and 
then  diffused  through  a  solution  of  pure  sugar,  acidificatioii  com* 
mciiccs  immediately,  and  proceeds  gradually  until  arrested  by  the 
eicesa  of  free  acid.  The  formation  of  lactic  acid  is  always  aeeona- 
paiiied  by  the  development  of  small  quantities  of  butyric  acid, 
nlcohol,  mannitc,  and  a  viscous  substance, — the  proportions  of  these 
IkmIich  vui^'ing  greatly  in  diflerciit  experiments.  When  tlie  titjiiid 
is  kept  neutral  by  the  addition  of  chalk,  little  or  uo  mannite  and 
gum  are  formed. 

Lactic  acid  is  also  formed  iua  variety  of  other  processes  :  that 
WurUE  has  recently  obtained  it  by  the  gradual  otidatioti  of  pro- 


meo^ 
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liatotved  io  water  posseases  the  p«>|»crtics  of  the  ordinary 

»rttl  coa<;iilaU.'s  altiiimcn;  nlicn  present  io  small  qu«Q- 
dooa  not  omile  milk   in  tlic  coIiI,  but  docs  bo  if  getilljr 
Tiie  lactates,  when  heated  with  Bnl|)huric  acid,  give  off 
luic  oxitlv,  and  deposit  a  solid  brown  matter  resemhlitig 
Ry  uilrio  acid  the  Uctic  U  converted  into  oxalic 

for  lactic  acid  are  not  \ery  defluite.     The  best  mode 

fing  it  (whether  it   1m;   free  or  in  combination),  consists 

tting  the  h<)uld  «uHp«etcd  to  contain  it,  to  tho  con^is- 

»  Bymp  orer  a  ualer>bath,   treating  the  residue  with 

ind  nHdiRg  a  small  quantity  of  a  solution  of  oxalic  acid : 

toe  thus  seiuiraled   in  combination  with   the  oxalic  acid, 

ic  ftcid  and  the  excess  of  oxalic  at-id  rcmixiii  dissolved. 

is  carefully  neutrallxcd    hr  baryta  water,  which 

Iprccipitateof  omlale  of  haryta,  irlnUt  the  Inctntc  of  this 

»   disaolred.     The  Inctate  of  l>ar\ta  may  be  decom- 

'  adding  a  &otmion  of  sulphnte  of  lime  ;   sulphate  of  barita 

e]Mra.te<),  aik)  the  lactate  of  limc  tnny  be  crystnllizcd  from 

lie  solulian,  and   the  form  of  the  crystnla  nacertaiued 

jpe. 

ftuhydroitt  lactate  of  lime  is  distilled  with  tuice  its 

'  of  pcrchloridc  of  phosphorus,  it  yields  a  culourlcsa  body, 

Vurta  termed  chlorlaclyi  (C^HjOjCl,),  the  oxychloride  of 

sd  ;   ajit)  this  Huhttance,  when   decomposed  by  vratcr  and 

yteldtt  chloroprupiouic  acid,  from  which  propionic  acid  is 

incd  (iiij). 

amauii   ha«  also  succeeded  in  converting  lactic  acid  into 

by  Mtorating  the  lactic  with  hydriodic  acid,  keeping 

cool,  theu  senliu^  it  iu  n  tube,  and  hcaliug  it  to 

e   tioie.      lodmc   is   liberated  and   propionic  acid  is 


1-.  PmplnBin  uiiL 

^^^  '  ^^^^ 

HO,t  ^ti.O.+ilH  =  UO,C,HjO,+ 1,4- 11,0^ 

inrtiou  is  effected  still  more  eA!>ily  by  dUtilliu^  j'j  parts 
svnl   with  4  of  hiniodide  of  plioaplioras,  when  propionic 
orcr,  coloured  with  a  little  free  iodine. 
.■    Acid  comparativdy  little  is   known.     It  is  a  pro- 
(>c}ui|>o.iittou  of  leucine  (1437}. 
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IMiwes  mt  once  into  bydrntcd  toclic  ttcid,  by  assuming  2  atoiut  of 
water.  Lactidt*  rvudily  absorbs  Mtnmonia,  and  is  canverled  into 
lactamidc;  CgH,0,  +  lijX  =  (ll,N)C(HiO| ;  this  body  i»  iwmcric 
nith  unrkoeiiic,  nnil  with  nlaiiiiic. 

Lai-talts. — Till)  lat-tic  was  reganled  by  Gcrhardt  as  a  dili&sia 
aciil,  Aiid   ho  ncoordiugly  doubted  its  formula,  rcprcecnting  it 


C|jH|jO,j;  but  the  roicarehcs  of  WiirtKimd  of  Kolhe  Mcin  to  iiid: 
pn(«  that  tho  ohk>r  and  Himi)k>r  formula  giveti  a)>ovo  is  to  be  pre> 
forred.     The  lactates  are  soluble  in  water,  but  inetoluhlc  in  ether, 
and  nearly  so  iii  cold  tilcohol :  those  of  the  uikiiliv»  do  not  crrs- 
lallizc.     Xcutral  and  acid  lactates  may  \hs  formed  irith  lime  and 
with  baryta.      BUaciate  of  baryta  (BaO.HO,  2  C^H^OJ  may  be 
crystallized  :   the  neutral  lactate  i«  very  eoltible  in  water,  and  dom 
not  cryamlliRe.      Acid  lactnle   of  Ume   tCaO.HO,  2  C^n(.Oj  + Aq) 
OTystallises  in  radiated  needles.     NonaaHactate  of  {'tme  <:ryi\j\\\K* 
in  tufts  of  prisms,  with  5  Aq.     The  lactate  0/  sine,  [ZnO,  0,11^0, 
^3  ^S)  '^  <^"c^'^  ^he  inn^t  eliarncteritttic  salts  of  this  acid  ;  itcrj'»-    | 
tallixn  in  erupts,  conaieting  of  four-sidcd  prisms,  ubicU  arc  sin* 
ringly  «>ohib1c,     Lactnte  of  copper  (CuO.CjIIjOi  +  2  Aq)  is  only 
inennipk-tt'ly  preei[tiliitt-d  by  hydrate  of  [X>t»»li,  an  excess  of  which 
){iveK  with  it  a  de[>|>  blue  solution  ;  but  the  whole  of  the  oxide  of  I 
copper  is  separated  on  the  addition  of  an  esccsa  of  hydrate  of  lime.   | 
A  mbtaclalt:  of  copper   (j  CuO,CuHjO.J    may    also  be   obtained. 
Several  other  bosie  laetat^a  may  be  formed,  which,  like  subbieCate 
of  cojipcr,  euntatii  2  equivalents  of  base. 

The  variety  of  Incite  acid  which  is  obtained  from  the  juice  of  ' 
fleah,  yield.i  salts  which   crystallize  with  a  proportion   of  water  I 
diffcriii^  from  that  contained  iu  ibe  salts  furnished  by  the  ordi< 
iiary  acid.      The  aarkolaciic  acid  from  muscnlar  tissue  may  be  di*- 
ttngiiiMied  as  the  rariety  a ;  its  salts  cry.italli9!c  with  ftruaJIcr  pro- 
portions uf  water  of  crj'stalliziiliofi  than  those  of  the  ordinary  form 
of  the  acid,  which  may  be  dieting  11  ishcd  aa  the  variety  )j ;  thus  it 
givcK  a  Mtit  of  xioe,  which  cotitiuiis  only  3  Aq,  and  erystallixcs  in  | 
slender  needli'S;  it  bcgtiia  to  undergo  d<^cum[iOftitiou  below  300°,  ' 
whilst  the  salt  of  the  ordinary  acid  may  be  heated  to  400°  without 
experiencing  any  dccomijo^ition.      The  neutral  salt  of  lime,  of  the 
variety  a,  also  crystallizes  with  4  Aq,  and    is    less    soluble   than 
the  variety  f3,  which  cryvtaltixus  with  5  Aq.     Similar  diifercoees 
arc  observed  in   the  co])pcr  salts ;  but  the  copper  suit  a  ia  rauch 
the  more  rotuhle  of  the  two. 

Streckcr  liiids  that  the  sarkolaetic  acid,  irliea  BciMirsteil  from 
its  sine  salt  by  sulphuretted  hydrogen,  atid  heated  to  between  2dO^ 
uid  384^,  is  gradually  eouvcrted  into  tcctic  nnhydridt^  and  tlu» 


LACTATES. 

redtiiHolvcd  in  wnler  possesses  tlie  properties  of  the  ordiuory 
iety  /3. 

Lactic  acid  coagulates  Rlljumcn;  irlien  prCKcnt  in  small  qu&Q- 
tity  it  docs  not  curdle  milk  in  the  cold,  but  does  k>  if  geutly 
heated.  The  lactttra,  when  heated  with  suIpLuric  acid,  give  off 
pure  carbonic  oxide,  and  dviio»it  a  *olitl  brown  matter  resembling 
uloiic  acid.  By  nitric  acid  the  lactio  is  cuiiverted  into  oxalic 
add. 

The  tests  for  lactic  ucid  nrc  not  very  definite.  The  heat  mode 
of  identifying  it  (iflicthcr  it  l>c  fire  or  in  cuinbt nation),  cuuHititd 
in  evaporating  the  liquid  sinipcclcd  to  coutaiu  it,  tu  the  coum&> 
tcncc  of  a  syrup  over  a  watcr-hatL,  treating  the  residue  with 
alcohol,  and  adding  a  small  qiiiiutity  of  ii  suliitinn  of  oxalic  acid  : 
the  ba«cs  are  thus  separaled  in  combiiiatiou  with  the  oxalic  ucid, 
but  the  lactic  acid  and  the  excess  of  oxalic  acid  remain  dianolrcd. 
The  acid  liiniid  i»  cnrcfnlly  iicntnilizwl  W  Imryta  water,  which 
causes  a  precipitate  of  oxnkte  of  barjta,  whilst  the  lactate  of  this 
bue  remains  diamlrcd.  The  Inctate  of  baryta  may  be  decom* 
poMcd  by  a<l>ling  a  itolution  of  sulphate  of  liinc ;  sulphate  of  htiry  t» 
ia  thus  separated,  and  the  lactate  of  lime  may  he  crystallized  from 
Hie  ftloobolic  aoluliou,  and  the  foriu  of  the  vryittals  a«certaincd 
by  the  microscope. 

WLea  anhydroua  Inctate  of  lime  is  distilled  with  twice  its 
weight  of  pcrchloride  of  pliosphflriis,  it  yields  a  eolaurlcsit  body, 
which  WurU  termed  chlorlaciyt  (CjH,,OjCl,),  the  oxycbloridc  of 
lactic  acid;  and  this  suljE^tanccj  when  dccompased  by  water  and 
di&lilled,  yields  ctdorupropionic  acid,  from  which  propionic  acid  is 
euily  obtained  (i  1 1^]. 

Laulcmann  has  also  succeeded  in  converting  lactic  ucid  into 
propionic,  by  saturating  the  lactic  with  liydriodic  acid,  kecpiug 
the  mixliire  cool,  then  senling  it  in  a  tnbe,  mid  heating  it  to 
^^'4*'  for  some  time.  lodiuc  is  liberated  and  propionic  ucid  iat 
fiirmed : — 

HO,C.H^s+aHI  =  iK^Cjli^j  +  Is+HjOy  * 

This  reduction  m  effected  »till  more  eauily  by  distilling  $■$  parts 
of  lactic  acid  with  4  of  biniodidc  of  phospliorut,  when  propionic 
icid  pasaes  over,  colonred  with  a  little  free  iodine. 

Of  iL'Ucic  acid  comparatively  little  is  known.  It  is  a  pro- 
doot  of  the  dccoioposittou  of  leucine  (1437}. 


^   IV.    CeRTAIM    PoLYUAblC   VnotTABLK  AciDS. 

(l  139)  Sevcra]  polvbAaic  adds,  some  of  whicli,  «upb  M  tlie  mall 
tRrtnric,  ami  cilric,  are  very  extensively  [lifTuBed  llitxiugh  tlie  rcj 
table  kingdom,  may  couvcuicutly  be  copsidercd  in  jujWjxjsiuc 
trich  llic  fatty  acids;  as  a  very  close  coinic^xion  hut  recently 
shown  to  exut  between  niHlic  and  tartnric  acid  and  the  succiuic, 
a  Diem)KU-  of  tlie  usidic  acid  group. 

The  acids  which  will  uow  be  described  are  the  following; — 


I.  Malic  acid 

2  HO,C,  H,  0, 

3.  Tartaric  acid      . 

=  HO,c,n,o,„ 

3.  Citiie  acid         , 

3H0.C^H,0„  +  3Aq 

4.  Mcconic  acid 

3llO,C„U  0„  +  6Aq 

J.  Oallotaiiiiic  acid 

2  no,c„H^o„ 

6.  Onllic  acid 

3HO,C„H,0j  +aAq 

7.  Quinic  acid 

2  IIO.C^II^O,., 

h  and  9.  Surbic  and  Faruurbic  acid» 

UO,Cuii,0, 

I .  Malic  Acid,  and  Us  Deriva/ivea. 

(1140)  Malic  Acio  (a  UO,C„Hp,ssia+ nfl).  —  This  acid 
is  extensively  diftiised  through  the  vegetable  kingdom  j  it  occur* 
nbiinduiitly  in  moot  »c>()ulou»  friiitw,  jinrticulnrly  iu  uuri|ie  ajijilca, 
gooBi'berries,  and  currants,  in  which  it  i»  atjcooipanied  by  dirie 
add.  The  footstalks  of  the  gardeti  rhubarb  also  contain  it  in 
conMtlcrable  quantity,  mixed  with  oxalic  aud  pha)>i>horic  aci 
ami  they  fumisb  &  coiiv«tuent  soiiroi!  of  malic  acid ;  hut  it 
tiHtially  extracted  from  the  uiirijte  berries  of  the  motuitaiii  a 
The  (Incd  leaves  of  the  tobacco  plant  arc  aUo  rich  iu  bimalatc 
litue. 

In  order  to  obtain  the  acid,  the  expressed  juice  either  of  the 
mountain  a»h  berries  or  of  the  Icafetalks  of  the  rhubarb,  is  nearly 
neutralised  with  milk  of  linic,  nud  a  certain  quantity  of  chloride 
of  calcium  is  added  in  oi-der  lo  decomiiose  tlic  nialate  of  potash 
which  always  accoiupaniet  tlie  fax  acid.  A  precipitate  is  th 
fonncd  which  contain*  the  citric,  phoaplioric,  and  tartaric  acids 
combiualion  with  lime.  The  liquid  must  Ik;  left  with  a  feebly  add 
reaction,  iu  order  to  avoid  the  subaequeut  precipitation  of  the 
eulouring  matter.  The  clear  solution  is  then  to  be  filtered,  nnil 
the  filtrate  boiled  for  several  hours :  neutral  malate  of  lime  ix  tbua 
gradually  sepaj-atud  in  the  form  uf  an  insoluble  poirder.     A(b:r 
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thia  p»cipitate  has  been  washed  with  cold  water,  it  is  to  be  added 
in  stoali  porliuus  at  o  time,  so  loug  lu  it  coutiuucs  ta  be  dissolved, 
tn  hot  dilute  iiitric  acirl  (cfHilaiiiing  one  part  of  acid  to  ten  of 
tntcr).  The  liquid  ihii*  ohtained  is  to  be  filtered,  and  set  naide 
to  crystalliic  :  well-defined  cryslui»  of  liimalate  of  lime  are  then 
deposited.  The  binialatc  obtaiitcd  in  thia  way  may  be  purified  by 
treating  it  with  animal  cluireonl  and  reeryBtnllizing  it  from  wfiter. 
Its  solution  may  afterwards  be  eoiivvrted  into  malatc  of  lead  by  the 
addition  of  acetate  of  lew),  aad  the  malate  of  lead  when  decom- 
poAod  willi  sulpharic  acid,  yicld«  frccniolie  acid,  from  wliicli  the  laxt 
trnces  of  lead  may  be  removed  by  ineatifi  of  sulphuri^tted  )iydrug:en. 

ProperUtt. — The  ftqucous  solution  of  malic  acid,  when  cvapo- 
rattt)  to  the  consistence  of  syrup  nnd  left  iii  a  wnrm  phicc,  gra- 
dually deposits  radiatiid  masses  eom^iosed  of  brilHuut  fuur  or  Bts< 
sided  pmms.  They  arc  deliquescent  in  a  nioi»t  air,  and  are 
tolubic  in  alcotiolj  vLcn  heated  lliey  undergo  fiieiou  below  iij^. 
sialic  acid  Udk  b  rery  »oiir  tnste  ;  its  solutiou,  uiiless  quite  pure, 
becomes  mouldy  and  viwrid  when  kept. 

Malic  acid,  when  heated  to  3JO*, »«  decompow-'d,  watffr  is 
expelled,  and  two  isomeric  acidx,  the  mala-ie  and  the  Jamarie, 
are  formed,  and  at  the  same  time  molacic  atdiydridc  is  obtained: — 

HkllF  kIiL  MiIbIo  uld.  FuDutriL'  tiHd. 

Hydrated  malcic  acid  when  maintained  in  a  state  of  fusion  at 
yxfi,  i»  converted  into  a  crystalline  mass  of  fuinaric  acid.  If  lUs- 
tdicd  by  a  tctnpcrature  auddeiily  elevated  to  460*,  maltcic  anhy- 
dride IS  fnruied.  Sulphnric  acid,  when  heated  with  malic  acid, 
decomposes  it  and  liberates  carbonic  oxide.  Nitric  acid  converta  it 
fi™t  into  fiiraarie  and  then  into  oxalic  acid.  When  heated  with  hydro- 
chloric acid,  nii.lic  Hciil  U  gmdiially  converted  itito  fmnaric  aeid. 

Kekul^  \Uebig'$  Annal.  Suppl.  1861,  131)  haa  shown  that 
Iwth  ftunaric  acid  and  its  i&omcride,  mata;icacid,  combine  dircctly- 
with  bromine,  and  furnlth  crystals  of  dibromOMnccinic  neid  :  and 
further,  if  fumarie  acid  be  dissolved  in  vmtcr,  and  digested  with 
an  amalgam  of  indium,  the  nascent  hydrogcu  combines  with 
the  acid  and  converts  it  into  succinic  acid  : — 


Tmud  Mid. 


Ijibnmbxocviaja  >cjd. 


C.H.O,  +  Br,  =  C,n.Br,0,i 
From  tbe  dibromosuccinic,  tartaric  acid  (inactive)  wu  obtained. 
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Malic  acid  may  also  be  coavcrtcd  isto  Kucciiiic  acid  b;  lieatitig 
it  iu  sealed  tubes  niUi  bj-driodic  acid  ;  whiUt  iodine  U  liberated 
(Schmitt)  .— 

]l*U««td.  Baa*Bio*eU. 

a  I10.C,H,0,+  3  HI  =  a  HO.C,H,0,+I,+n,0,i 

and  stiecinic   acid  may  be  reconverted   into  maHc  by  first  prepar- 

ing  broiDQiiuccinic  acid  aud  decomposing  it  by  oxide  of  silit^— 

(11,33 ;  Xekulc).  ^M 

Wheu  malic  acid  is  fuaed  with  hydrate  of  potash  nt  a  tempera- 
tupe  of  300*,  hyrlrogeii  is  disengngcd,  and  oxalate  aiid  acetate 
potaah  arc  formed  : — 

OnlaU  AMUtt 

1I«U«mU.  ofpotMh.  oIpDuab. 

J  HO.C.H  A  +  3  (KO.HO)  =  a'KO.Cp.+KO.C^H^.+a  n,0,+Hj. 

Vilicn  a  dilute  solution  of  malic  acid   is  grndiutlly  oxidized 

tbe  cold  by  the  cautious  addition  of  btcbromate  of  potaab,  malouic 

acid  (2  HO.CjH^OJ  (the  acid  iDtenucdiale  botwceu  the  auccinic 

aud  the  oxalic]  U  amcugst  the  products  (1  i3y]. 

(1141]  Malales. — ^Thc  malic  is  a  dibasic  acid,*  and  baa  a 
atrong  teinicnL^  to  fonn  arid  salts.  Tliobimalatc  ofanimouiaaiMl 
the  bimalatc  of  liuic  are  readily  obUiiiied  in  large  regular  crystals ; 
but  ita  most  characteristic  salt  is  tbc  malate  of  lead  (a  PbO, 
C,ir,0,  +  6  Aq  =  33v+54)i  which  when  first  prucipitaled  is  amor> 
phous,  but  if  lell  in  tbc  liquid,  bucuines  conrcrtcd  iuto  radiated 
tufts  of  fiilky  needles.  It  is  fusible  into  a  pasty  mass  at  a  tem- 
perature bnlow  that  of  boiling  wnter.  Malic  acid,  like  tlt(fl 
tartaric,  prevcDts  thu  prccipitatiou  of  iron  from  its  sulutiou  b^B 
tbc  alkalies.  Malic  acid  givca  no  precipitate  v\i\\  lime-water, 
either  when  cold  or  hot ;  but,  l)y  cvnporation  of  the  liquid,  & 
crystallized  mulatc  of  lime  is  produced,  which  is  dissolved  by 
boiling  water.  These  characters  disliognish  the  malic  from 
oxalic,  tartaric,  raccmic,  aud  citric  acids.  Most  of  the  malate* 
are  soluble  iu  nater,  but  uot  in  alcohol.  Many  of  tbc  nialates,  < 
such  as  those  of  lime  aud  baryta,  when  heated  to  400°,  lose  tiro 
atomii  of  water,  and  become  converted  into  fiiiTiamtes,  from  which 
fiiniHrie  acid  (identipal  nitb  the  acid  of  the  fumaria  officinaiiM) 
may  be  obtained  iu  characlenittic  bioad,  slender,  sparingly  soluble, 
striated  prisms. 


i 


•  It  is,  however,  probaljly  formed  nuon  the  plan  of  Ihre*  d»tib1c  atoms  of 
imLnr,  and  i*  (iotiseqiu-ntlf  Iriutcmiic,  tfioiigli  only  tiro  atoois  <yf  byclrogBu 
sdmit  of  (luplsL-etiivut  by  int-Lnli  under  urdiiisr;  oircumstsncc*.  i-.^. : — 

Tj9t.  Mi2tc  iii..  Voniiil  lulut*.  AnlmilM*. 
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Btmaiate  o/ Ammonia  (TI.NO.HO.C^H.OJ  U  reailily  obtainw! 
t)]r  (iividiug  a»oluttou  of  mftlic  acid  into  two  equal  [lortioiia,  v.xtu:t\y 
neutralising  one  with  ammouiii,  diid  then  adding  to  it  tliR  otiicr 
portion  of  tbe  acid  ;  oti  eviiporxtion,  brilliant  riglit  rhombic  priHintt 
arc  formed.  It  is  remarkalilc  tliitC  tie  optically  active  bimalnte 
of  ammonia  (1141)  fornix  a  crvstnllizahlc  double  snlt  with  the 
dcxtrotiLTtrnte  of  ammonia,  but  it  fortnii  no  fiiich  compoiinfl  witli 
the  IsvoUrtrutc.  Biniabtcof  ammonia,  when  submiltud  to  distil- 
lation, is  coarcrtcd  into  a  brick-coloured  powder,  termed  /u- 
»mariatieU:  .■  — 
Rimalate  oj  Lime  (CaO.IIO,C^II^O,4  8  Aq  =  i.^.3  + 72).— This 
salt  \a  obtained  in  brautiful  tmiisparcut  rhombic  prisms,  hy  dia> 
solving  tbc  normal  malatc  of  litu«  in  hot  dilute  nitric  n<;id,  mid 
lUowing    the  solution  to  cool.       It    in  »paringl;  soluble  ia  cold 

■  water. 
The  normal  maJate  of  Hnte  exists  in  two  modificatjons :  one  of 
these  (2CaO,CgU,Oj-l-4  Aq  =  i7a  +  36)  i*  readily  soluble.  It  is 
obtained  bj  neutralizing  malic  acid  or  the  himalate  of  lime  writh 
mitk  of  1im«;  the  wjlntioii  may  be  cvitporated  iit  onliiiary  tcm- 
■jicraturc*,  and  deposits  large  hrilliant  crjstailiuc  plates.  If  the 
itolution  of  this  salt  be  boiled  for  some  hoiir«,  it  gradually  deposit* 
a  apariuKly  solublv,  granular,  crystalline  {>owdcr>  wtiich  when 
aaalvsed  is  found  to  contain  1  Aq,  but  has  in  other  resjiects  tlin 
same  composition  as  the  soluble  nialnte.  The  soluble  foriu  of 
maUte  of  lime  may  also  be  obtained  irith  5  fuy  and  with  6  Aq. 
If  maUte  of  lime  he  placed  bcncatli  a  layer  of  water,  in  a  vessel 
loosely  covered,  it  gradually  uiidcrgDCs  decomposition :  carbonic 
acid  ia  disrngagcd,  and  a  mixture  of  lartic,  ncctio,  and  succinic 
(1130)  acids  is  formed.  This  chnngc  i"  nccelcratcd  by  the  luldi- 
tinn  of  a  small  Quantity  of  yeaat^  or  of  decaying  cheese,  to  the 
mixture : — 

Mala  util.  SuHinlii  uM.  AetltaHM. 

3(jH0,"c\H]o,l  =  j(i1l0.CJT]b.)+HOrC.H]i6,+3C,O,+H,0j. 

If  tbe  fermeDtation  be  conducted  at  a  Iiiglicr  temperature,  hydrogen 
gas  is  evolved,  and  butrmte  of  lime  1.1  the  principal  product. 
j  Mttlate  qf  zinc   (iZtiO,C„H^O,  +  6  Aq)  is  Kpariugly  aolnblo 

'  in  c»ld  water,  but  ia  taken  up  by  ten  times  its  weight  of  boiling 
water  ;  short,  rectungular,  brilliant,  very  h.ird  [insms  arc  (lc[>o»it«l 
«•  ii  cools.  A  bimalate  of  ainc  (ZnO,UO,C^H^Oj+4  Aq)  may 
also  tie  obtained  iu  octobedm)  crptals. 
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BMidfii  the  ncatra]  maltite  of  lead,  a  6aaic  maiale   (4PI: 
C.H^OJ  may  be  oliuiactl   by  precipitating  a  soluble  inalate 
Bubacetat«  of  lead  ;  it  ib  not  fusible  in  boiling  vratcr. 

Malalt  efyUver  form<i  n.  white,  nnhrdroiH,  intiolnble  powder. 

<li42}  hfelameric  Madificat'wnt  of  MstUc  Acid. — Malic  acid 
lias  been  asceiiaiiieil  by  Pasteur  to  exist  in  two  mollifications, 
which  mfiY  be  diHtingi limited  by  the  Ictten  a  And  /3  ;  the  Tiiriety 
a,  which  ex<!rtj(  a  lefl-liaiidcd  rotatory  action  upon  a  ray  of  [Milariied 
li^ht,  ia  the  ordinary  form  of  the  acid  ;  boeuc  of  its  aaltd  exert 
rotfttion  to  the  left,  otlicrn  to  the  right.  The  variety  ^ 
destitute  of  any  Buclt  rotatory  power,  and  licuce  is  termed 
inactive  malic  acid.  The  latter  modification  of  the  acid  preaeatt 
acarccly  any  perceptible  chemical  ditloreuee  from  the  ncid  a,  but  it 
crystnllizp^  rather  more  readily  from  its  aqueous  solution,  since  it 
is  eouiewhut  le»s  soluble  and  is  not  delitjucsceut :  it  also  re()uirej 
s  temperature  uf  273°  for  its  fusion  :  wlieD  heated  a  few  degrees 
hcyoud  this  point  it  ia  deoompoiiMl,  and  furnishea  the  snme  com- 
pounds as  the  ordinary  form  of  the  ncid.  Inactive  malic  acid  u 
p^^cu^cd  by  the  actiou  of  nitrous  acid  upon  inactive  aspartic  add 
(lt44] ;  dnriDg  this  reaction  oitrogcn  escapes  in  abundance,  and 
if  the  acid  liquid  be  aupcraaturatcd  with  ammonia  when  the  di»CR- 
gagcmeiit  of  gim  has  eea&rd,  the  addition  of  a  solution  ofaeetate 
'  of  lead  cames  the  ecparntiuu  of  a  precipitate  of  inactive  malatc 
of  lead  ;  from  this  malate  of  lead  sulphuretted  hydrogen  liberates 
the  imtctive  uuid,  f3. 

It  will  be  observed  that  the  formula  of  malic  acid  diScn 
from  that  of  the  tartaric,  by  oonttiining  two  atoms  less  of  oxygen. 

C1143)  Amides  Qf  Malic  Acid — Asparagin. — Malic  acid, 
the  dibasic  acids  in  general,  forms  two  amides  j  one  of  these 
seeses  the  properties  of  nn  acid,  and  has  l}een  termed  matamie 
(HO, iljN.C^H^O,],  which  is  isomeric  with  aspartic  acid,  if 
identical  with  it. 

AsparogtH  (C^UyN,0g4-2  Aq). — This  crystalline  body  ia  ex- 
tractctl  from  the  young  shoots  uf  the  fLspiinigus  and  of  the  climb* 
itig  vetch,  from  the  roots  of  the  marahmallow,  and  from  several 
other  plants.  It  may  generally  be  procured  in  crystals  by  simply 
evaporating  the  expressed  juice  of  one  of  these  plant:).  The  brown 
cryiituls  thus  obtaineil  may  be  purified  by  treatment  with  nnitnal 
charcoal  and  re-cry  stall  izattoa.  Aspnragin,  vhca  pure,  forms 
beantifiil  octohcdra,  or  rhombic  prisms,  whidi  are  soluble  in  about 
(So  parts  of  cold  water,  and  are  flreely  dissolved  by  boiling  wau-r, 
by  dilute  acida  and  alkalies,  and  by  proof  spirit.  It  has  a 
mawkish    and  cooling  taste.       When  dissolved    in  water,  or  in 


«p 
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•olutious,  it  eierU  n  Icfl-liniirlcd    rotatiou  upon  a  rav  of 

li^lit ;    but  iT  dtwolved  in  aridtt  it  pniduoea  a  nglit- 

rotittiuii  of  thi'  ray.     Asparaj^tu  is  chiefly  remarkatjte  for 

ity  with    vhicb   it   i«   (]cviMnpo»cil  into  mpttrtifr  arid  and 

when  iu  aqucwtis  solution  is  hcati^d  wilh  alkiJics    or 


A*v*rMln. 


A<pUtl«  IF  Id. 
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C,ll,N30„,a  HO  =  IIO.CJIAO.  +  ir,\. 

•n  a^ncotu  solution  of  asparngin  is  heated  under  preaxure, 

)tlv  oonvcrted  into  up«rtatc  of  nmmonia  ;  and  the  same 

pNce  slowly  when  tlie  mlution  in  expowd  to  a  tempe- 

211''  for  a  few  daja,     At  a  moderate  lieat,  a.»|Mira^iu 

equivaleiitJt  of  water  of  crystal) ixutiou,  aod  in  its  anliy- 

i«  isonM^ric  with  malamide. 

tband  ihat  if  the  expressed  juioe  of  the  vetch  were  allowed 

,  the  a.-ipuragiii  which  it  contained  was  gradually  coiivcrttxl 

U)  uf  ammouia,  by  the  amimilation  of  2  equiralents  of 

c[n,N,o,.2  no + H,=  iii,xo.c,H,6,. 

•jwnuan  U  trwitel  witli  nitric  acid  wliicli  has  bccu  Mtiw 
rtth    (litruus   &cid,  it  is  converted   into   matic  acid,  whilst 
[  a  diacngHgcd  : — 

tiftr*t^  UklirarU. 

ffi^  3  ilO  +  3  .\0,  =  3  lIaC.U^,+3  N,  +1  HA- 

is   umilnr    lo   that  which    occurs  when  the  nm!dc« 

itod,  aitd   honcc  Vim  was  led  to  regard  a6[)jtriLgin  aa 

with    nuUaniidv;   Init  on  decomposing    malic  ether  by 

'sntmouia,  a  subalauce  isnhtained  which  in  imnicric  with 

but  not  identical  with  it.  Aspnragin  forms  combinations 

,  of  the  acids  in  definite  propottioun  ;  thus,  the  nitrate, 

tlic  drxtrotartrate,  and  the  hydrochlorutc  of  asiwriigiu 

aitiird  iu  crtfttals  without  difficulty.     The   Isevotartrate 

roruw   an  uQcryHUlhiahlc  syrup.     It  aliK)  combines 

>,  aotl  CTCQ  dlfplacev  acetic  ncid  from  acetate  of  lead. 

t)   Arp'trlir  Acid  (I10.C^H,N0y).— If  aspartate  of  am. 

!  with  luryui  till  the  nimuooia  is  entirely  expelled, 

101  -jiiryta.  15  formed;  and  from  this  salt  the  baryta  may 

lijr   the   cautious   uldition   of  sulphuric  acid  1  on 

the  anlalion  Ibii*  obtained,  as/Airtic  acid  crystnllites  'm 

tlar  tsitka  which  hare  a  silkj-  taatrc.      It  is  soluble 
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hotli  in  adds  and  alkalirt ;  wlion  diiuolrpil  in  the  kllcAlies  It 
duces  Icft-huuilcd  rutiitioii  uf  the  pliuie  of  pobiiKatiuii,  but  irdia-j 
Milvcd  in  acids  ttie  rotation  ia  to  the  right. 

PaMcur  lifts  discovered  the  cxistrnce  of  it  eccond  modittcut 
of  aapsrtic  acid  wbicli  is  without  acttou  vpou  polariiwd  light.  Thu 
inafdve  acid  ia  obtained  bv  heating  binialate  of  amiuouin  to  xbout 
360'',  and  boiling  the  ro»idii<;  (fiinmrimidc,  C^II^NO^)  for  some 
hours  with  hydrochlnric  acid.  The  Kolution,  vhcti  evaponted, 
vields  crystals  of  liydrochlorate  of  aspartic  ncid  (liUiC^IIg'NO^ 
HC'I).  These  crjfttalt;  mu«t  he  di^olvftl  in  water,  and  the  solu- 
tion divided  into  two  equal  portions ;  niic  of  these  is  to  be 
cxActlv  iiculralized  bv  the  udditiou  of  aDimouia.,  aud  tbcu  ndded  to 
thu  (tccond  [>urtioD  ;  as  the  liquid  cools,  cry^taU  of  inactive  aepattic 
Dcid  lire  deposited  in  ahiindnnce.  It  is  winiewhat  more  colal 
than  the  active  variety,  but  iu  other  respects  rtscaihlcs  i| 
chcaiica]  properties. 

Most  of  the  tuportatcs  are  readily  soluble  in  water.  The  mA\ 
apiKram  iu  a  few  cu»cm  to  form  subsalt^i.  Aspartic  acid,  when  dis* 
Milved  iu  uitric  acid  and  saturated  with  nitrons  acid,  jnehls  malic 
acid,  whilst  nitrogen  is  diwngagcd ;  and  if  the  inactive  variety  be 
euiploycd,  the  tnalic  acid  which  is  obtained  i»  tikcwi-ie  of  the> 
inactive  form  (i  14s]  : — 


%.  Tartaric  Add,  and  it*  Derivaiivea. 

(ll4j)  Isomerk  forms  of  Tartaric  Acid. — llie  remarkable'' 
searches   of   Pasteur  {Ann.   de  CMmie,  III.  xxiv.  443,  and  xxviii. 
56]  upoa  the  ojitical  and  chemical  projicrties  of  tartaric  acid,  hare 
opcnid  a  new  uud  iio]iortaiii  method  of  investigating  the  moli-cular 
co]ii[iosition  of   organic  liO(lici«.      He  hue   provwl    the  exinteiici:  <rf[ 
two  varietieii  of  tartaric  ncid,  which  may  bu  distiuguished  by  the 
pcciiharities  of  tlicir  crystals.       The  crystals  of  each  variety  of 
tartaric  acid  are  always  uu^yronieiricjU  ;  but  the  «lclicit  in  symmctrT 
dieptayed  by  the  cryolaU  of  one  variety  is  exactly  the  revcnte  of  that 
manifested  by  thoseof  llie  oilier  variety.    KacU  of  these  formaoftat- 
tiuic  acid  exert*  u  powerful  ctfcct  of  rotation  nyioti  a  my  of  jmUriMdj 
light ;  but  the  effect  produced  by  equal  quaotitics  of  the  two  ^ii-iclic* 
of  the  acid,  though  equal  in  amount,  h  apV^M  m  Avnxlioii-    Oo^ 
of  the  niodificaticua  cxbibita  a  crvfltaIUi»«=  ^"^*"'  ■"^"*'  "  "™*3 
di^lro-hemiJiedrai !  Ha  solutiou  pwluce^-    t\%WWu4«\  lolabon  <^ 
a  my  of  pol«ri«?d  light:  thU  variety  is  Vs^tw*"  «  <'"*>■«-'"'»"< 
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>  aciJ.-  it   U   the   usual  Tonn  of  tlie  acid.       TLe 

.v>n   is  itei'uhetHihedroi,  aiirl  producer  a  lafl-liiuiilqil 

a  n(  A  polnrtzod  nj- :  Ikii   modiliciitiou  conotilutCA  lanmtar- 

r  Utvoraecmlc  acid.     Tlie  two  acids  arc  so  related  in  crj*9- 

farm.    that    if  a  salt    of  tlie  actd    nhich  is  dextrohomi- 

be    heM    tierore  &  mirror,  the   reflection  of  the  crystal 

actljr  iT-prc^ciit  the  fonn  of  tlie  corresponding  crystal  of  tlw 

SBiluHlral    at!id.        Both     tbese    muditications    arc    cxnotly 

in  chemical  properties,  so  lon^  aa  they  are  comhincd  « itli 

I  exert  no  action  u[x>u  polarized   light ;  but  this  idett- 

ical  propertiea  diniippeai's  when  ilicy  ore  onitcd  with 

ed  with  rotatory  (lowcr  upou   polarixeil    light :    for 

dcxtrolartaric  acid   forms    vtith   asparagin  a  crystailiiie 

vtUilat  the    Uevotnrlu-ic  at-itl   furiii«   with  this  body  a 

(oaccntratc^l  solutioos  of  equal  partd  of  dextrotartartc 

trotartorio    aciiU  arc  mixed    together,   tlic  tvruperature 

ibly:  anil  on  cooUag,  crystals  of  s  diSercut  acid 

ThiB  DCtr    acid  i»    identical  with  the  paraiariaric 

acid,     it    hiw    no  longer  llic  power  of  catwiTig  the 

|of  a  ray  of  polarised    light,  and  it    pn-senls  dilTurt-Dces 

renctioiu  (1149}  from  thoie  oC  both  uf  iis  cota- 


jjf  the  acid  thus  obtained  lie  divided  into  two  equal  parts, 
og  neutmlized  iiilh  aoda,  then  lUJAcd  wilii  the  oilier 
le  acid  and  neutralized  with  ummouia,  the  solution  on 
vill  yield  crystalit,  each  of  whicli  has  a  [owerful  rota- 
oa  putariKcd  light ;  but   the  crystidliuc   niu.is  will  be 
eou«iat  of  a  mixture  of   the  riglit-Landud  and  of    the 
double  tartrate  of  soda  and  atnmonia,  in  equal  prnpor- 
.  'rtal^  of  the  tno  salts  uru  rccoj^iised  by  their  ujipo- 
ii)nn,  and  may  be  8C]taratcd  by  band.      If"  all  the 
cryatalii  be  difsolvod  neparatciy  in  irater,  and  decora- 
solmitm  of  uitrate  of  lead,  a  pnwipitati!  cou- 
ii.  irotartrate  of  lead  will  he   dcpositL-d.       Kruin 

■late  tlie  dcxtrotarlnric  ncid  may  l)c  fwikaraicd  by  atcam 
.'       '.I  may  be  obtuined  in  crvslala  hn  miiporation  : 
'■.rsH   cryataU   be  treated    iu  a  similar  manner, 
acid  may  aim  \x  procured. 

■    '1      lalural  raeeiiiate  of  soda  and  ammonia 
i'      lUg  out   each  crystal    separately,  that 
cnttlilcti    to  ftote  the  exitteuce  of  tbo  lino  motUiica- 
rie  jich/,  Hid  to  show  thai  racemh  «cid  consist?  of  a 
c  c 
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mixtitrc  of  tn-o  KcidB  irliicli  exert  oppante  eficcts  of  rotation  6n 
pol&rizcd  ligtit. 

VcTjr  few  of  thv  salts  of  rawmic  arid  thus  spontanooaslr 
neparate  into  two  differeot  hemiliedral  varieties  of  crvxtalUae 
form  ;  tlic  raccroatv  of  cinchonicitic  (1204)  i«  cosily  M-parable 
iuto  its  component  crystals,  and  the  racemate  of  qiiinicine  ako 
cxliibits  »  Eimilar  property.  Thc»e  tMilts  mn;  therefore  be  en- 
ploj-cd  for  the  piirjmK;  of  isolating  tkc  tno  mm  1i treat ioiu  of 
tartaric  acid,  when  they  occur  in  comhinBtion  •  at  a  certain  stage 
of  eonceiitrutioit  of  tho  raccmat«  of  cincboiiicinc,  the  liret  crop  of 
m'stals  consists  chiefly  of  the  Ifcvotartratc,  When  racemate  of 
qiiinieine  i»  employed,  thecrystaJs  which  are  first  dqxwited  conast 
mainly  of  the  dcxtrotiLrtrale. 

(114ft)  Ordinart  Tartaric  Acid,  or  Dfxtroracemte  Adi 
{2  H0,Cj,Hp|„=i8+  132). — The  principnl  supply  of  thi«  acid  ii 
obtained  from  the  grejie  ;  hut  it  is  also  present  in  tJie  tamarind, 
and  ill  the  unripe  herrica  of  the  mountain  ash :  it  la  likcwwe 
frequently  met  with  in  amnll  qunntity  in  other  plants.  Lichig 
nlso  found  it  in  the  acid  mother-liquor  obtained  in  preparing 
nincic  acid  from  sugar  of  milk.  Grape  juice  contninx  it  iu  tbc 
form  of  hitartratc,  or,  as  it  is  lomctiDics  called,  supcrtartrate  of 
potash,  constituting  the  rniHt  or  tartar  which  is  deposited  in 
vessel  in  which  the  wine  is  kept. 

Preparation. — In  order  to  prepare  the  acid,  crude  tartar  n 
dissolved  in  boiling  water,  and  phalk  i*  added  so  long  aa  cffer«es- 
cciiec  occurs,  4  parts  of  litrtar  requiring  about  i  part  of  chalk  ;  aa 
inaoluhle  tartrate  of  lime  is  thus  precipitated,  sod  neutral  tarlmtc 
of  potiwh  remains  dissolved.  Tartaric  acid  being  dibiuic,  the  change 
which  occurs  may  he  thus  represented  : — Two  atoms  of  hiiailratc 
of  potaali  react  upon  two  equivalents  of  carbonate  of  lime,  ami 
form  one  atom  of  dibasic  nt-utml  tartrate  of  lime,  and  one  of 
dibasic  neutral  tartrate  of  potash  ;  thus : — 

Oiunral*  at  (lOtuh,       Oai  tuiuM  iiTIlni*.       Tattnl*  ifllDW.         TutMM  «f  poUlb. 

3  (KO.H0.C,H.d„)  +  J  u6^^  ='3  CaO.C.H^,  +  fKO.CUjf^ 
+  H,0,+C,Or 

The  tartrate  of-  potash  in  solution  rnuy  be  dccoaiposcd  by  Uie  ad- 
dition of  an  equivalent  quantity  of  chloride  of  calcium,  and  tlic  whole 
of  the  tartaric  acid  may  thus  be  separatcil  as  tartrate  of  lime : — 

T atnU  il  folnb,  Tvtnlcof  lime. 

'aKO.C.U^Ow+a  CaCl  =sjC»0,C,U^+ a  ECU 
The  product  of  the  two  oiicralions  is  well  washed,  aod  d| 
with  oil  of  vitriol  dilated  with  £  or  8  limes  its  weigbt  of  water  :' 


iof  I 
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^Bbr  ercrj  5  parts  of  tartar  3  parts  of  concentrated  eulpburic 
ricid  arc  reqnireil ;  the  solution  in  alloved  to  digest  nt  a  gentle 
lieat,  rulphateor  lime  ia  formed,  and  tartaric  add  net  free.  'Whva 
cool,  the  li<]Qid  ie  lUtcrcd,  evaporated  in  Icadcu  vessels  to  the 
I  OOOWsitenPC  of  syrup,  and  nllowed  to  crystallize  ;  tlic  formfition  of 
HciTStals  ia  fa^-oured  hy  the  preaeuce  of  uii  cxcuia  of  sulphuric 
Vacid. 

W  Propertut. — The  acid  thus  obtained  assumes  the  form  of 
oblique  rbooibic  prismH;  when  pure  they  arc  colourlcaii,  transpa- 
rent, and  )>eriuanent  in  the  nir.  Tartaric  acid  ia  very  soluble  in 
vKtcr,  in  alcohol,  and  in  vood  spirit;  it  has  a  sharp  agreeable  acid 

Itattc.     Tf  heated  with  the  caustic  alkalies,  water  is  expelled,  aud 
oxalate  aad  acetate  of  the  base  are  formed  : — 


o»iu« 


i'U0rclHA«+3(K0.HO)  =  Ko;c.HA+»KO;0^,+3H,0,. 

Tt>  a(]uvom  K>lutloii  bccumes  mouldy  when  long  kept,  and  is  slowly 
converted  into  acetic  acid. 

The  crystaU  of  tartaric  acid,  when  gently  heated,  become  as 
strongly  electrical  aa  those  of  tournialioc.  Ita  aolutions,  par- 
ticularly when  hot,  exert  a  powerful  riyht-handed  rotation  n[)Oii  a 
ray  of  polarised  light.  When  tartaric  is  boik-d  with  nitric  acid, 
oxalic  acid  is  formed,  together  with  an  acid  homologous  with  the 
malic.  Tartaric  nc!<l  exhibits  considerable  tendency  to  comliim! 
with  oxygen.  If  it  be  boiled  with  peroxide  of  lead  it  undergoes 
rteeomposition,  water  and  carbonic  acid  being  produced,  whilst 
forniiatc  of  lend  reniniiLf  in  the  «olution: — 

/HOAH.O.-m  PbO,=  3  (PbO.C,HOj+i  (iPbO.CA)-*-"  H,0^ 

"nie  salts  of  ailver,  of  gold,  and  of  platinum  are  also  reduced  when 
boded  with  tartaric  acid. 

Tartaric  acid  is  exteusiTcly  used  by  the  ealico-priuteraud  dyer 
for  the  removal  of  certain  murdaut*  from  particular  portions  of 
ibe  cloth.  It  is  also  used  in  the  preparation  of  effervescing  draughts 
nith  the  bicarlionates  of  the  alkalies. 

An  interesting  reladon  exists  between  tartaric  and  succinic 
icidftj  in  coTiwqucnee  of  which  tartaric  may  be  reduced  to  succinic 
acid  by  aatoraiing  its  "concentrated  a<|ueous  solution  with  hydri. 
odic  acid,  sealing  it  up  in  a  strong  gloM  tube  ojid  heating  it,  for  6 
nr  8  hours,  to  a  temperature  not  exceeding  250*  (Sohmitt,  Liebiift 
jHaal.,tx\v.  109)  : — 

ttrirr  t*i.  gtrinit  add. 
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UAul  succinic  acid  may,  in  turn,  be  re-coiivcrtcd  into  tartaric 
bv  chaaging  it  Rrst  into  ItibromosucciDic  acid,  and  tiicn  dccom- 
posing  this  compound  with  oxide  of  silver  (Pexkin  tnd  Dnppa; 
ii$2)-  Dc!SN»if;iici»,  by  treating  lartiiric  acid  with  a  miilure  of 
))hosphorus  nnd  iodiuc,  also  procured  succinic  acid,  and  at  the 
same  time  obtained  malic  ncid  in  tlie  tnotbcr-liqnor,  tlie  tartaric 
ucid  losing  first  2  atoms  of  oxygen,  tbus  furnisbing  malic  acid, 
and  tliia  acid  iu  turu  loaiiig  2  atoms  more  of  oxygen,  thus  yieldiitg 
th«  ftucciote. 

(1 147}  Tartrates. — The  tartaric  is  u  dibaiMC  acid,*  and  it  pon 
aec]iietilly  bm  a  strong  teudeiicy  to  form  double  salts,  chcee  rancti 
of  which  mny  be  distinguished  : — 

1.  Suits  whicli  ooutaiu  protoxides  only ;  euch  as — 

Rochelle  salt K0,NflO,C,II^Oin  +  a  Aq, 

Cream  of  tartnr KO.HO.C.H^O,^ 

Tartrate  of  coinwr  ivid  potash  .     .     .     KO.CuO.C^H.O,^ 

2.  Salts  which  contain  both  protoxides   and  se»quiaxidc^ 
in  which  the  scs'^uioxidc  is  combiucd  vitb  the  same  proportion 
Arid  as  the  protoxide;  mich  as — 

Tartrate  of  potash  and  iron     .     .     .     KO,Fe,nj.CJI,Oi„ 
Tartrate  of  iwtasb  and  chromium      .     KO,CrjOj.CtH,0|(,+  7 
Tartrate  of  potash  and  tirniiium  .      .     K0,Uj0,,CgH,O,(,  +a 

3.  Salts  analogous  to  tartar  emetic : — 

Tartar  eniclio,  op  turtratc  of  potash")      vnt,t.r^  n  n  n        .  ^ 

and  antimony )  '       »'  »    *    10 ^^     !• 

Tartrate  of  silver  and  antimony      .      .      AgOiShO^C^IljOn, 
Neutral  tartrate  of  antimony  .     .     . 
Tartrate  of  potash  and  boracic  acid    . 
Tartrate  of  [lutaali  anil  arscnioiis  acid 

Tlie  salts  of  thi^  tliiril  cliiss,  with  the  exception  of  the  com- 
pound with  arsenious  acid,  are  remarkable  for  the  property  which 
they  p08«CK8,  vhcu  apparently  anhydrous,  of  losing  two  additional 
atoms  of  water,  so  as  ta  present  a  composition  which  may  be  re- 
gardcd  aa  exhihitiug  a  certain  resemblance  to  that  of  tArtarie 

•  It  in,  howerer.  probably  forrncd  oB  tto  tHralomie  typ«i,  the  stomiritj 
and  iMHtcity  being  iliR'^Trnl,  m  in  the  c«S«of  tliv  ^ijcolif?  ftronp.  nlitth  aixLli 
acTDUiit  forlbeauoinabuB  tffct't  t^rhcnt  in  rxm'Uing  twonioois  of  nairr  Tmrn 
ctrtaia  of  the  Dotijrdruus   urtrstM.  ai  «rit1    be  uieiilioiiei]  im  media  Id  jf  : 

)  H0.C,H,O„  bcUig  probably  in  tbc  lyi>o  }j^  j  O^  or  *^i^^^"  f  Og.  the  aof 
uial  tartrate!,  such  2»  tsitrstc  of  potash,  being     '5'?^  I  O,. 


2SbO,.C.Hp,„  +  3Aq. 
KO,BO^C,H.O,„ 

KO,A80pC,n,0,u-t-5  Ai]. 


I"  TAKTB-VTES.  889' 

nliydnde    (Gcrltardt):    SI)Oj  (or  its     pqutvalcnt    representative 
'Oj),  bein;  alite  to  occupy  tbc  position  of  i  atom  of  liyilrt^ca 
ID  tbe  conapouiid  j  thuit : —  J 

AlorJitmry  Itiupfraiureg,  1 

Tartwir  «dd eoamla  of  C.ijLO,,.  I 

Npiitral  (BrtPttteofantinMiny     .  .,  C,H,    a  (8bO,)0„+a  Aq. 

Tartw  fmohr „            0,H,K    {SbO^O,,+-  A.j. 

T»rt™ir  or  dilvwinJ  antimony            „             C,n,Ag  fSbOjO,,  j 

Tu-inite  of  po4ai>fa  and  bonciu  acid     „           C^U.K    (BO^O,,  I 

Sul  KieM  ieaUJ  they  hfcoiw,  retpteiioely,  I 

TtrUrie  ulijdrido CtQ.O,^  1 

Ncuird  turtrMie  of  antimony  81374"     .    .     C.H,     i^SbO.lO,,  1 

Tartar  emstie  dru>A  at  ,191- (^«H;K    (S1.0,)0|„  fl 

TartntooffilTpr  Hnd  uitioiony  Bt  jio°             C,H^)i  (SliOJO,;,  I 

Tartrate  of  poUwh  luwJ  boraoM  ftcidnt  506-       t\HjK    (U0,)O«.  ^ 

7flr/rff/e  o/Po/oiA  (2  KO,C,n^O,„  =  226}  crystallizes  readily; 
it  18  somcvrliat  deliquescent,  aiid  very  soluble.  Tlic  titartrate  of 
potash  (KO,HO,C\H,0;o=:i88)  is  tdc  ordinary  source  of  tVi« 
compouodH  of  tartaric  acid  :  it  ccmsiilutefi  the  crude  tartar  or  arffol 
nf  commerce,  and  »  gradually  dqiosited  from  all  wines,  forming 
a  eruat  upon  tlic  inside  of  casks  in  nKich  ilic  vrinc  is  stored.  Tliis 
tall  IB  very  sparingly  sninble  in  cold  wntcr,  of  wbidi  it  rctiuirea 
about  180  parti*  for  i^olutiuu  ;  boiling:  wiitta-  dissolves  ubuut  one- 
listli  of  its  weight  of  it^  and  deposits  tlio  t>alt  itt  oblique  rhombic 
pnsnts,  which  when  pure  nre  of  *iiowy  whitcncs*,  forming  common 
sream  0/  tartar.  It  produces  a  gritty  wnsiitiou  under  the  teeth, 
and  has  a  soor  taste.  When  heated  to  redness  in  covered  vessels 
the  acid  is  decomposed,  and  n  chnrrcd  ma«s  remains,  cotisioting  of 
carbonate  of  potash  nud  micousnmcil  carbon;  this  product  is  often 
used  in  the  labomtory  under  the  name  of  black  fiax.  If  the  »alt  ba 
eilciucd  with  twice  its  weight  of  nitre,  toAile  flux  is  obtained  ;  ia 
this  operation  the  carbon  of  the  organic  acid  ia  completely  burned, 
and  csrbonnte  of  potash  is  left. 

Tartrate   of   Potash    and  Soda,    {KO,NaO,C^U,0,^  +  8  Aq= 
3104-72]. — The  atom  of  basic  nater  may  lie  dispkred  from  creankJ 
of  tutttr  by  soda,  tuid  then  a  double  salt,  often  called  liochel/e  ' 

f/,  M  produced  :  it  forms  large  bciLutiful  crystals  which  have  tliu 
apfiCBrftnce  of  six-sided  priKmr,  one  half  of  which  only  is  developed. 
llio  lartnitc*  of  lime  (2CaO,C^H,Oiu-»- S  Aq),  baryta,  and  mag'- 
Ktia  are  sparingly  soluble.  7ro«  forms  with  potasb  aud  ammonia 
double  tartniica  which  nre  used  in  medicine:  the  iiotosh  oalt  wlicii 
dried  at  212°  is  nnhTdruus  :    the  ammoniaeiil  sail  bos  the  foruiulft 

.iI,XO,Fe,0„C.H.O,o+4  «'  5  H)- 

B&rDtartrate  0/  Pota»h  ;  Soluble  Tartar  (K0,BO,,C^tI^0,„  ;  at 

aia"). — When  i  part  of  boracio  acid,  2  parts  of  crcmn  of  tartar,  aud 
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24  of  vater  arc  Kcated  together,  a  solution  is  formed^  vliicb  on  c 
poration  to  dryness  and  treatment  with  alcohol  (in  order  to  remora 
the  cxcc!«t  of  borncic  acid)  furnish^  the  foregoing  compound,  in 
the  form  of  a  white  nou-cry&talliiic  powdcc,  which  is  iasolable  in 
alcohol,  but  verj'  solnble  in  water;  it  hecomes  anhydrous  at  ill", 
aud  if  hciLtcd  to  560"  it  loses  2  more  C(|uivaleuts  of  water,  like 
tartar  emetic  under  similar  circumstances.  Tliis  Milt  hft« 
employed  medicinally  an  n  pui^ative. 

Tartrates  uf  Antimmtj. — Scvrrul  tartrates  of  antimony  roaj 
be  formed.      These   salts  are  remarltalde   for  the   property  which  ; 
they  [)osgi.'(«,  when  fipparcully  un)iydruii»,  of  lo^iing  1  eqitivalenti 
of  water,  so  as  to  present  a  composition  corrrspuudiug  to  that  of 
tartaric  aiiliydride.      Tlie   ruofti   important  of  these  compounds  ii  | 
known  na  tartorised  antmony  av  tartar  enu-tie  (KO,ShO,,C,lljO|o  | 
+  A(i=3i5  +  t)),  which  has  long  been  extensively  used  iu  luedicioc. 
Tartar  emetic  may  he  prepared  in  tarioits  ways  ;  one  of  the  best  is 
the  following  : — 3  parts  of  oside  of  antimony  (obtained  by  boiling  to  , 
dryness  sulphuric  acid  upon  metallic  antimony  and  washing  the  rfl^H 
dne  with  carliunate  of  mhU)  arc  miiiglt^d  with  4  parts  of  cream  ^fl 
tartar,  and  made  into  thin  paste  nilh  water.  This  tuislurc  is  allowed 
to  digest  for  some  hours,  and  is  then  boiled  with  6  or  8  parts  of  water. 
The  BoUitiou  thu»  formed  is  filtered  while  hot,  aud  allowed  to  crystal- 
lise: as  the  liquid  eooU  the  wait  la  deposited  iu  the  form  of  ujuara 
prixms,  the  primary  form  of  which  is  nu  octohcdran,  with  a  rliora> 
bic  base.     Tartar  emetic  is  eoliihlc  in  about    15  part«  of  cold 
water  ;  its  solution  reddeiiH  litnniit  ttli^htly.     This  Milt  is  somewhat 
efflorescent;  when  dried  at  212*  it  becomes  anhydrous,  and  whea 
heated   to  400°  it  loses  2  additional  equivalents  of  water,  sod 
then  has  a  compat(ition  of  KO,SliOj,C^HjOj,;  if  this  body   be  f©- 
dis8olvcd  iu  water,  it  furaislios  ordinary  tartar  emetic.     A  solution 
of  tartarizcd  antimony  acts  ns  a  riolcnt  emetic  and  carthartic 
poison.      Sulphuretted  hydrogen  thnuvs  ilonn  the  ornngc-ooloured 
■ulpliidc  of  antimony  from  it,  and  the  alkalies  and  their  carboiuttej 
occasion  a  precipitate  of  oside  of  antimony. 

The  pbteo  of  the  potitdi  in  ordinary  tartar  emetic  may  W 
supplied  by  soda,  ammonia,  oxide  of  silver,  and  oicide  of  lead  ; 
the  lead  and  silver  salts  thus  formed  lose  1  equiralents  of  water 
at  a  high  temperature  iu  the  same  manner  a«  the  potasb  B^t. 

A  compouud  fimilar  to  tartar  euietie  may  be  formed  with 
srscnious  acid  (KO,A&Oj,C^H^O,„). 

The  mothcr-tic|uors  from  which  tartar  emetic  baa  hecu  pre- 
pared, of\cn  deposit  a  comj>outid  which  may  be  crystallized  with 
difficulty  in  oblique  rhombic  prisms  [K0,Sb0j,3  H0,2CgH,0,„ 
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I',  Knapp]  :    it  n  a  combbstion  of  tartar  emetic  vith  iiti 
aloui  of  tartaric  ociil.     Knapp  ImsalKO  obtained  a  com- 
of  uu-tnr   ciaetac    witli  nreain  of  tartar  [K0,Sl)Oj,C^II^0j|| 

j0,HO,C,H^0,J],  liy  boiliiijt  5  parts  of  tartar  emetic:  with  K 
of  cartar,  and  a  bmnll  quauticy  of  water  ;  it  id  deposited 
[Ij  volublv  pearly  scales.  If  osidc  of  antiuionr  be  clis- 
tartaric  at*id,  ibe  addition  of  alcohol  in  cxcN!ft«  occasions 
u.ion  of  a  granular  wliite  precipitate,  wbicli,  according 
,  ha^  a  coiDpOMtioa  rcprcAcntcd  I>y  the  formidu 
'"),g+-aAq.  Acconltug  to  Peligot  an  acid  tartrate 
i  C,H,0,a+5  Aq]  may  be  obtaiiieil  iu  large  crystals 
liution  of  oxide-  of  Hntinaony  iu  excess  of  tartaric  actil. 
Mteepce  of  tartaric  ar;id  in  Holutioii  is  det«ctcd,  if  the 
I  moderately  cuncentratcd,  by  the  additiou  of  acetate 
k  i  a  few  drops  of  free  acetate  acid  must  bIm  be 
f  tbe  aolution  be  aeutral ;  under  these  circtimBt&ucos 
py  aoloWc  bitartrate  of  putaah  falls,  the  c^uantity  of 
i  mach  iticrcascd  by  bri&kly  stirring  the  mixture.  With 
kilrer  a  Hparingly  imliiblt:  tartrate  of  silvtir  i*  formed  : 
ipitate  whfU  placed  on  platinum  foil  tiecuiues  chariied, 
I  OQ  tlio  np|dicatioii  of  heat,  aud  Icavca  a  residue  of  pure 
A  solutiou  of  sulpliatc  of  lime  is  not  precipitated  by  a 
pf  tartaric  ooid.  Limc-vater  in  excess  nceanioiis  a  pre- 
which  disappean  uu  tlie  additiuu  of  aal-amraoniac. 
of  calcium  ar>d  acetate  of  lead  give  white  precipitates  iu 
DlutiauK  of  tlie  tartrates. 

pECBencc  of  Uurtaric  acid  iu  n  solution  which  coutalus  salts 
t  of  copper  prevents  the  precipitation  of  the  oxides  of  these 
B  the  addition  of  an  .ilkiili.  This  property  is  .tometimes 
rB&ta^e  of  in  the  o|>crutiaus  of  uiiulysis. 
tartrates  when  heated  strongly  become  blackened  and  arc 
led,  vftiitting  an  oilour  of  burnt  sugar. 
1}  Action  0/  Htat  on  Tartaric  Acid. — The  action  of  heat 
taric  add  is  remarkable.  If  heated  to  about  340'^  it 
I  ttichovt  Iwing  n'ctt;ht  is  changed  into  two  mctamcric 
fatartarie  and  iaolarlaric  acidx.  Mclatiirtaric  acid  forms 
pccfit  ancrTstallizable  msaa  :  iL  is  dibasic,  but  its  «alts 
taolublc  than  tlu;  ordinary  tartrates,  into  which  they  arc 
od  by  boiling  tlieir  solutions. 

•rtanc  acid  (HO.C^U.Oj,)  aasiimes  the  forna  of  a  vitrcou* 
f  K  masM.    U  is  a  monobasic  acid,  and  form*  salts  which  are 
ill  the  bitarlrates,  but  are  much  more  M^lublc ;  by  bo\Ung 
I      tu  iiity  IxYWHw  coarcrtefl  into  ordinary  biturtralw. 


: 
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If  tartaric  acid  li«  lic«t«d  to  374**,  it  fn«e« ;  two  atomi  of  the 
acid  lose  uae  equivalent  of  vatcr,  and  thu«  become  convertccl  iuto 
a   new    arid,    icrtnud    bj    Premy   ttie    laHralic.        In    ordn*    to 
isolate    this    camponml,    tlic    luius   is    dissolved    iu    water  aac 
Bcutraliiicd    witli    carbonate    of  baryta;  *a  soluble    tartralulo 
this  base  w  formcci,  while  nny  Hn(lea)nip(»ccl  tartiiric  acid  remains 
l>rliind  iu  tlie  form  of  an  iiisoliiWe  tarlriitc  of  baryta.     Aquco^y 
solutions  of  larlnilic  acid  and  of  it^  paltt;,  if  iKPilctI,  pass  quicltl^| 
into  the  ordinary  tartrntcs,  and  the  same  chan((C  take*  place  more    ' 
slovrly  lit  oniinarr  temperaturM.     If  tartaric  acid  be  kept  longer 
in  fufioii  half  \\a   biwic  vfatcr  is  espclW,   and  fartretic  add  is 
formed,  wliicli  f;ivcs  a  svruiiy  piTcipilatc  vritU  Milt«of  barj-ta.      The 
two  acids  lost  dcscrilwd  nra  probably  mere  combioaliou«  of  the  anfa^^ 
dmiis  vilh  the  crystallized  tartaric  acid,  in  diifcrent  proportiooa.  ^| 

If  tlic    temperature  of  the  fused    tartaiic  acid    Iw  cautiously  ' 
maintained  for  *ome  time   at  374°,  all  its  basic  rater  is  driven 
olf,  aud    tarCnric    anhydride   remains   in  the   form    of  a  white 
poroiii'  mass;  in   order  to  remove  any  uuchimgcd    tartaric   acid, 
it  may  he  tviwhed   fir«t  with  cold   uater,  nud   then    witli   alcol 
after  which    it  should  ho  dried   in   vacuo.      It  ta  inaolnble 
water,  ulcohol,  and  etiici-,  but  if  allowed  to  remain  long  moist 
gradually   bccomfs   soluble,  and     is   converted     iiito     crystalllied 
tnrtnric  acid.     The  Inxt  three  compoimdii  prcnent  a  relation  some- 
what analogous  to  rho«e  of  the  varieties  of  pIxMpboric  acid ;  for 
iiistnncCj  if  they  be  compared   with  3  atoms  of  tartaric   acid, 
relations  will  be  thus  repreaented  : — 


:id,   I 


Tartaric  anhydride    .     .     •     . 

Tartrclic  acid 2  HO.C 

Tartralic  acid 3  HO,Ci,,H„0„ 

Cryatallized  tartaric  acid     .     .  4  UO,C„n,0(a 


By  heating  cry»talliiMM)  tartaric  acid  to  about  400°  in  a  retort, 
ait  acid  liijuor  di»tih,  which  contains  acetic  acid,  and  a  new  acid 
termed  pt/rutic  Qr pyroracemic  acid  (a  II0,C,3iI,0,j).  It  foniw 
an  insoluble  suit  with  lend,  and  a  Ki)»,ringly  soluble  one  with  silver. 
Pyruvic  acid  i*  cliaracterized  by  the  production  of  a  red  solution 
trheu  mixed  nith  a  solution  of  a  protosalt  of  iron,  if  its  «ult»  be 
prei>ar«cl  in  the  cold,  tbcy  nrc  cry»tidlivuhto  ;  hut  if  the  acid  be 
latnraled  with  ha-ies  at  a  high  temperature,  the  salts  are  i;uinuiy 
and  do  not  cryslallixc. 

During  the  distillation  of  tartnric  acid,  n  quantity  of  a  Kcoond 
ncn  acid  ik  also  formed  ',  it  crystallines  in  oblique  rluHiihic  prisms, 
and  has  received  the  name  of  pgrotartarie  acUt  (a  UOfC.JifOJ  ; 
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it  ooatatns  the  elemcuta  of  tvo  niuivaleiits  ot  carbonic  acid  less 
iban  the  pynirtc.  Pytotartaric  acid  ia  dibasic,  St  forms  both  normal 
and  add  salU  ■  the  latter  cn-iatnlliec  with  facility. 

(i  149)  iiacemic,oT  Paratartaric  Acid  {2  I10,C^H,0,ft  +  3  Acj). 
—Some  Tsrieties  of  the  gra}>e,  pnrticula.rly  tho«c  i^rowu  in  the 
Votgc*  (district,  pre«ciit  a  nin^iibir  motbtication  of  tartaric  ncitl, 
which  is  metameric  with  the  tartaric  acid,  and  equal  amnunt«  of 
the  t«o  acids  saturate  equal  quautitie«  of  the  eatne  btuc.  This 
acid,  as  bas  been  aln-mly  stated  (i  145),  i«  plainly  a  compound  of 
dextrotartfuric  and  Ijevotartaric  acids :  it  is  without  action  upon 
polarised  light. 

Raccmic  ncid  generally  accompanies  tartaric  ac^id  in  greater 
or  Iwa  quantity.  It  is  obtaiued  from  the  racemnte  of  lime  by  a 
pn>cc»  precisely  similar  to  Ibat  uacd  for  priK-uriii^  tartaric  ncid 
ffom  the  tartrate  of  lime.  Raccmic  acid  crystallizes  more  readily 
than  the  tartaric,  in  efflorescent,  oblique  rtionibic  prisms,  which 
contain  two  equivalents  of  water  of  crystallization ;  this  n-ater  i» 
expL-llfid  by  a  temperature  of  212°.  Kacfiniic  add  ia  less  soluble 
ia  alcohol  than  tartaric  ncid;  it  ^lonly  precipitates  soltitione  of 
lulphate  of  lime  as  well  a.«  those  of  chloride  of  cjilcium ;  tlic 
racemate  of  lime  1.1  Aobtble  in  liydrncliluric  acid,  and  ik  preoijii- 
latcd  undiaiif^ed  on  adding  ammonia.  These  reactions  di&tliiguifsh 
it  easily  from  tartaric  acid.  When  heated,  raceniic  aeid  tones 
wuicr,  and  forout  acids  correspond iii);  with  the  tartnUic  aud  tttr- 
trolic  J  it  may  ultimately  be  rendered  aiibydiKms :  the  productis  of 
its  difltillation  are  the  name  a.i  those  of  tartaric  acid.  With  anti- 
mony it  forms  a  oolt  which  corrcsiiiruda  to  tartar  emetic,  but  ic 
crystallizes  iu  radiated  tuiU  of  needles,  not  in  octoliedi-a.  The 
ordiunry  salts  of  rnccmic  ncid  occur  in  symmetrical  cry»talK  ;  and. 
with  the  Mccptiou  of  the  double  raccniatc  of  aoda  and  nmmoiiia 
and  of  the  raeemate  of  citichouiciuo  and  quiuiciuc,  tbcy  are  nut 
bemihcdral.  According  to  Pa.*teiir  (Com/j/fu /tenrfiw,  xlvi.  615), 
if  n  solution  of  raccniatc  of  uinuioiiia  be  mixed  with  about  ]>200Cth 
its  weight  of  any  albuminous  aub^tance,  and  be  placed  whiUt  hot 
in  a  Hwk  with  a  long  neck,  which  is  tilled  with  the  liquid  to  the 
bottftm  of  the  neck,  and  if  whcu  it  huscooletl  tonl)oiit  8c°  a  small 
(|aanltlj  of  a  solution  of  n  tiirtntte  in  active  fcrmentatioit  bo  added, 
fenaentation  will  then  be  t>ct  up,  and  the  liquid  will  acqnire  a 
|K)«er  of  rotation  to  the  leliC.  The  licvutBrtaric  acid  will  resist 
the  fermentation,  wlitUc  the  dextrotartaric  acid  disappears.  If  a 
solution  of  ordinary  taiirate  of  aramonia  bo  subfttitutcd  for  the 
raccmate,  the  tartaric  aeid  will  di.iappear  entirely. 

(1 1  jo)   Conteraion  iUSuBteric  into  liaceatic  Acid, — ^Pastc 
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luu  succeeded  ID  coavcrtiDg  both   (he  ruietic*  of  tartaric  iot^i 
raeeniu:  kcid :    Tor  tliU  {>ur|iot>c  dllier  tlie  dextrotartrato  or  ll^| 
lievotartrete  of  tiuchouui  is  exposed  to  a  gradually  rmug  teiDp4^| 
ratiirc;  tbo  salt  lir»t  ))ccoiuce  concerted   ititu  tortrittc  uf  cliiclioni^l 
^ne:  if  the  beat   Iw   coulinued,  tUe  ciitclioniciue  loecs  vatcr,  it 
bacoDoes  coloured,  au<l  is  trausforuicd  into  qiiiiioidinc.      At  the 
nmii  tioiR  tlic  tartaric  acid  also  licccmra  modified,  and  td'tur  i^j 
has  b«eii  exjitMC'd  to  a  tcniiieruture  of  340*^  for  live  or  six  hoan,-^H 
portion  of  it  is  cliau^C'd  into  raccuiic  acid.     TIte  hlnek  rp«)DO^| 
mass  into  which  the  s^it  has  been  converted,  is  treated  with  baiflH 
ing  water,  and  the   liquid  thtw  obtained  is  mixed  with  an  exceM    . 
of  chloride  of  calcium,  hy  whifb  tht'  whole  of  the  mcemie  acid  u    ' 
))nxi|)itntrcl  in  the  form  of  rareinatc  of  linic,  frniii  which  the  acid  may 
rcadilv  he  extrttctwl.      Dtiriiig  the  process  of  ooinertjng  the  tartrate 
of  cinchouia  into  the  raccraate,  another  modification  of  tartaric    ' 
ncid  is  formed  ;  it  has  been  termed  by  Pasteur,  inactive  larlar^i 
eciel,  in  nllusion   to   its   want  of  action  ii[}on  polarized  light.     ^H 
cryHtalliKca  beautifully,  and  forms  crratallizablc  salts.     Tliia  ina^l 
tivc  acid  it  diBtiiigtiislied  from  racemic  ncid,  by  the  circnniKtatu^^ 
that  it  doe*  not  admit  of  being  resolved  into  dexirotartaric  aad 
leevotarlaric  acidai. 

Tlie  fotlowiug  are  the  niodificattous  of  tartaric  acid  vrliiclj 
at  prc&cnt  known  ; — 

I.  Tartaric  anhydride  (insoluble)     .     .  ^J^^Ow 

3.  Dextrotartaric  ncid a  HO.C^H^Ojj 

3.  Lfevotartaric  acid         X  HO,C„H^O|q 

4.  KaiM-mic  acid 2  110,0,11.0,^+2^ 

^.  Inaetive  tartaric  acid 2  HO^C^H^Oig 

6.  Metutartaric  acid 2  110,0^11,0,^ 

7.  Isotarlaric  acid H0,C^H.O„ 

8.  Tartralic  acid li  HO,C,H.0,(, 

9.  Tartrclic  acid HO.CgH.O,^ 


3.  CHrie  Acid,  and  Ut  Derivalieea. 

jiji)  Citric  Acid  {3  HO,CijH50„  +  2 Aq  =  37+ 1651^ 
Liebig)  is  a  iiowcrful  trihasic  vcgclable  acid,  found  prindpally  iu 
the  fruits  of  the  Aurantiaceee.  Citric  aeid  in  &ho  of  frt-quent  occur* 
rcuec  in  other  aciduloiu  fruits,  euch  as  gooBcbcrncs,  raspberries, 
straw berricjt,  cherries,  and  tnmnriuds.  It  is  extracted  by  ueu- 
traliziug  the  juice  of  the  lime  or  of  the  lemon  wiib  chalk,  and 
dccorapoRing  the  insoluble  citrate  of  lime  with  sulphuric  ocid,  by 
a  proceu  similar  to  that  directed  for  the  prcjiarntion  of  tart 
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Hncid.  Citric  Bcid  is  very  soluble  in  water;  the  solatioD  lias  nn 
■  agreeable  Mid  taste:  it  is  likewise  voluble  in  nlcohol,  but  not  id 
ether.  If  tbc  cold  saturated  aqueous  solution  be  allo^Kcd  to  cra< 
poratc  spontaiicou)i|j,  it  crystallizes  iii  colourless,  transpnrent 
rhombic  pri«tn»,  wliicli  con«ttLute  tbc  commercial  citric  ncid. 
When  boated  to  a  1 2°  these  crystsls  melt,  and  lose  2  Aq  j  the  re- 
I  maining  compounil  cDnsi»ti  of  C,^H,0^^  vhicb  Liebig  regards  as 
^  ft  Irihawfi  bydnitc  of  tbc  acid  (3  nO,CigH[0„).  If  0  BoUtion  of 
the  acdd,  iuatead  of  being  allowed  to  evaporate  sfiontaneotialjr,  be 
cnritallized  at  ai3*,cryslai«are  formeti  wbicU  contain  (Culi^O, J.* 
These  crvstaU  do  not  lose  the  additiooal  atom  of  water  until  tlicy 
arc  heated  to  266°,  when  tbey  become  coiivertfd  into  the  com- 
pounil (J  lIO.CyHp,,). 

A  dUuttid  aqucoua  solution  of  citric  acid  gradually  becomes 
mouldy,  and  undci^es  decora |io:«iti<>ii,  acetic  acid  beiitjj  formed. 
Citric  acid  dissolrcs  zinc  and  iron  with  evolution  of  hydrogen. 
\^'hcu  heated  to  aiioot  100°  F.,  with  concentrated  sulphuric  acid, 
citric  acid  evolves  pure  ciirlKinic  onidc ;  but  if  the  tenipcratiii'c  bo 
raised,  acetone  and  carbonic  acid  are  givou  oiT.  Conci'iit  rated 
nitric  acid  conrcrts  citric  acid  into  a  mixture  of  acetic,  osalic,  and 
carbonic  acid*.  When  heated  with  hydrate  of  potash,  it  ix  cou-> 
verted  into  oxalate  and  acetate  of  that  base : — 


CnrloHUi 


AwMI*  of  pnlaih,    OnJktoorpotMli, 
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3HO.Ct,H.O„+4 (KO.HO)  =  2  (K0.C«H.O,)+-»  KO,C,0,+i H,0,. 

Citric  acid  is  extensively  conaumed  by  calico-printcra  for  dis- 
cbarging  the  mordant  from  tlic  cloth  iu  piittcnis  ;  it  is  likcvrisc 
employcfl  in  dyeing  *ilk  with  saftiowcr,  and  for  heightening  the  tint 
of  oocbiucal :  it  is  also  used  medicinally.  Lemon  juice  is  largely 
employed  tw  an  antiscorbutic. 

{115:)  Citrate*. — Citric  acid,  being  triba«ic,  forms  three  series 
of  ultSj  which  com;s|ioiid  to  the  varieties  of  the  tribasic  phos- 
phates ;  for  instance,  3  citrates  of  soda,  having  the  following  com- 
position, may  be  obtaiucd  : — 


1st.  (3  NaO,C,  .H,0,i  + 1 1  Aq)  J 
and.(aNaO,  HO,C,(HjO,i+2  Aq)  ; 
and  3nl.  (NaO,2  I10,Cij,HjO„+  a  Aa). 


Citrate  of  lime  (3  CaO,C,3lIjO„  +  4  Aq)  is  the  most  important 
of  tbe  (ntrates,  since  it  is  largely  employed  in  the  preparation  of 


» 


*  Thc*e  fivracliuR  rrzanlcd  as  coiutilutiiig  true  citric  arid  (nO,C4[itO|. 
or  ntbrr  3  UU.CttH«0,J. 


I 

I 
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tlie  arid  ;  it  nleo  serves  m  a  tot  by  vbic^i  citric  *aA  mm  I 
cognised: — vhrn  tlic  free  acut  i»  added  to  cold  litDf-<afl 
rjiutntity  nut  »uflidei)t  to  det^tror  its  alkaliuc  reactiDn,  do  fM 
late  is  jinxluccd ;  bat  on  boiliiiir  the  tolatioD,  tbecitntcH 
is  dqwRitcd.  This  salt  is  solul>tc  without  cflcrvci<coKc  lol 
ncetic,  hyilrocliloric,  or  uitrir  acid.  The  addition  of  ao  rtfl 
fttnmotiia  iu  ibc  cold  {loc«  uot  rc-preoipitnte  it  fnim  tbiafl 
tioiis ;  but  upon  beating  tbc  amrooniiical  liiiuid,  thu  dM 
tbronii  down,  and  it  in  i^di-uolved  on  cnoling,  if  tlir  i]auifl 
not  too  couBidcnibk :  tbc^«c  pbcnompim  depend  iiiMtn  the  ^m 
tbtncR,  thtit  the  citrate  of  lime  is  less  soluble  in  boitttif  ■ 
cold  nater.  Crude  citrate  of  lime,  ohtaiaed  by  Bsturating  I 
juice  with  clialk,  cannot  be  prowrvcd  in  n  inoisL  itau  ■ 
undergoing  dccompoaition  :  it  ferments,  discnpagm  b  nun 
litdrogen  aiirl  carbonic  iu?id  goses,  and  •  mixture  of  lurctBlH 
biityratc  of  lime  Is  formed ; —  I 

Cllr,  B»*,  BiilTr.Un*.  /.e-.thn:  CwU 

+  4H,+4C,0..  I 

Ttiis  cbangc  in  nrccltrnfed  hy  Ute  nddition  of  a  amall  qwfl 
yca«t  to  tlic  niixiuTC.  ^ 

The  citrates  of  the  nlkaltcs  arc  nil  mtiihlc  ia  water ;  ^ 
are  ntanr  of  tbc  citrates  of  tbc  heavier  meialw;  tlic  citrates  I 
eartlis  with  3  oquivalenu  of  the  carlby  baiic  sre  iusoloUa 
bceomc  difisolved  by  adding  nn  cxccbh  of  citric  acid,  w 
form  Wilts,  irhic-h  contain  1  «]nivfl1eiit  or  3  erguivnb'iito  <m 
nnter.  The  acid  dtrati-  of  Ime  oonsiste  of  a  CaO,  H(1,rJ 
+  2  A(j.  and  fornos  brilliant  foliated  cry  Mais.  1 

The  rilmtvs  of  the  normdl  tvix-,  when  bented,  prexJ 
mnrkablc  pcctUiarity,  wbicb  l«d  DcntcUas  to  propose  the  fl 
(UO.C.H.O,)  or  ratlier  (3  HO,C,,H,0,J,  as  Ihc  true  w$m 
tire  of  citric  acid.  Assuming,  for  rxnniplc,  tlint  the  ttiam 
dtiatcof  iwtush  is  (3  KO,CijlI,0,j  +  A<ii,  thi«  salt,  br  ■■ 
211^  lotesaHO,  and  is  conmled  into  (3  KO,C„H^6,J 
is  L»ebi|^»  formula  f(>r  anhydrous  citrate  of  jiottuth.  TltiM 
appear*  not  to  be  a  biuiplt:  citrate  of  potash,  though  ou  redfl 
tt  ill  voter  the  oripnal  citrate  ia  rcprodnced  ;  but  ic  pnal 
chametcrs  of  a  mi\lurc  uf  citrate  nttd  oconilatc  uf  po|Ml 
tlie  talt  br  treated  uitti  nbinlute  aloobol,  ami  dnximp^^H 
hydrochloric  acid,  m  aa  to  exclude  the  nceew  of  water,^H 

)'ol:L>Miiim  IB  forinud,  and    Ihr  citric  ncid  which  ■  'r^H 

Iu  he  Uliscd  with   acouilic  av\i\.  wKicK  mnv  bt-  i-fll 


CITIUC    Ai'lD,  A.SO    ITS   OKaiVATiriS. 


UliDUi  diflicultr.     The  Kutnc  phenomenon  m  culiiljitvd 

Sliver:  ii'  tliu  salt  be  precipitated  at  &  Coroperatiire 

v.,  it  has  a  comporitiou  rrprcscntetl  hjr  Uie  fonnuU 

Culi^Oj.,),  liul  at  all  1ii;;iicr  teni  pern  tunes  il  oo»tat»!»   an 

of  wntcr  tj  AgO,  Cj.H^O,,).      Now,  if  ttis  iatt«r  salt 

like  tbe  pota«li  salt,  with  drjr  hydrochloric  acid  in 

slcciliot,  3  atoms  of  tlic  coinpound  jficlJ  by  dccomp<witiou 

tjf  clilunile  Ct(  ttitv-er,   3  atoms  of  bvdratet)  citric,  acid  I 

3jrdrml«d  aoouitic  ucid  : — 

H.^..)+9  HCl  =  {3HO,C«H.O  j+i  (inaCjaio|i)+9  AjjO. 

citrate  of  &ilt'«r  ia  heated  to   312"  in   a  current  of 
gas  it  bi-ootiHtt  ]>artiftlly  reductnl,  and  a   Itrowii  jiowder 
wUich,  Bccordiaf;  to  Wijhler,  it  a  citrate  of  suboxide  of 
'*  '       extracts  citric  acid   from  it,  and  dissolves  it  in 
I   It,  |iroduciug  a  red  Sblutiou.     Tbia  K>liitio»,  when 
deposits  reducTd  silver. 
'e  uf  peroxide  of  irim  is  prepared  by  diaeolvin^  bvdratcd 
of  iron  in  a  hot  solulimi  ut  citric  acid.      Il  lia^a  9iu'it:li»li 
futl  forms  a  deep  bronu  liquid,  fruiii  which  iti«  precipitated 
■ilditioa  of  alcohol.     When    ita  solutiou  is  evaporatod  in 
veweUf  it  furnu  brilliiuit  KCjdcTt  of  a  resitioiu  aspect ;  and 
firm  it  is  used  io  mtHliviuc.     Tlie  prcscttcf!  of  citric  acid 
tbc  precipitation  of  peroxide  of  irou  from  its  solution 
g  ftmiuonia  iu  excess. 

atratr  of  lead  (dried  at  250°;  3  PbO,C„H,0„).— Thia 
pv^arcd  br  prtrcipitating  a  hot  alcoholic  eohiliori  uf  tri basic 
ef  M>da  hj  au  alcoliolic  (olutioD  of  acetate  uf  Ivml ;  it  furms 
•pahiigly  iolalili!  powder.  If  this  salt  be  digested  with 
inasabeavy  crystaliino  powder  (4  PbOjC^HjOj, 
,  .1   tlie  tricitratc   be  (ligc>t«l  with    basic   acctatu  of 

*^;r  with  a  still  larger  pi-oporlion  trf  baae  (6  PbO,C,jHjO„ 
tned. 

eiirate  a/  copper  is  soluble  :  a  green  crystallioe,  apar- 

IiJjIo    tuhcUraU   (4 000,0,(11,0,, +  5  UO)  is  formed    by 

r  nccUtte  tif  copper  with  citric  acid. 

e/ACT-  (3  t;,li»0,C„UjO„)  may  be  obtained  by 

ig  aa  alruholic  mlution  of  citric  acid  with  bydrocblonc 

nli*ii\x  "ith  '■'■  of  soda,  and  agitating  tbc  liquid 

}4B*ry  other,     'i  ^^al  wluiiou  riecs  to  lite  aurt'acc 

■tqt ;  and  if  the  Bthylif  ^her  be  exi>ei!cj  by  (he  heal  o(  a 

h,  ciLricetier  it  /efi  as  a  cotourlcsA  oily  litjuid. 


eiTftio  Jtcxn — MKcoxio  ActD. 


(1153)  AetUm  of  ffeat  upon  CUric  Jeid.^lt  f^'-' 

eiposed  to  a  high  temperature,  it  undergoes  decou : , 

temperatore  of  between  300^  nml  550°,  wnur,  orvUwc,  aoJ  1 

tore  of  c&rlmnic  *dd  Rud  car1>oaic  oxid<^  ga.-ies  are  di 

a  browniiJie  rcsidu  i»  obtained,  wtiich  u  i>i  gtvat  ptatl 

etber.    Tbia  residue  CQiui»ts  of  m  peculiar  acid,  the  oconJ/Jcl 

C„H,0,),  wUicb  csi«U  aI»o  iu  the  diffcreut  varieties  of 

kood  (Aamitum)  a»d  marestMl  {Et/uisriuin),      Aconitic 

ifomeric  witb  frimuic  and  malonc  acid».      Uydmted  acooii 

cootaia!)  tbe  dementi  of  2  atoms  of  water  levt  tbau  bjrdr 

acid;  3  H0,CuH,0.+  H,0,=3  HO,C„HjO,j.       Indixd, 

acid  derives  its  |>rincipal  interest  from  its  close  ooni 

citric  acid,  and  from  tbe  ligbt  vbieb  its  corujKMMtion 

«oaic  appareut  ttuomalica  iu  relation  to  tho  sepantM 

from  tbo  crrstalliscd  acid  and  it»  salta  (1 152).      The 

tbe  alkalies  giTC  no  immediate  precipitate  in  aolution*  of  I 

uf  bu^ta,  lime,  coagncsia,  and  zinc,  but  tbev  produee 

[ntatca  in  solutioas  of  lead  and  of  silrcr. 

If  citric   acid   be   heated  bevoiiil  the  point  at  which  I 
aad  U  formed,  the  aooDitic  acid  U  itself  dacotnpoMd, 
add  ncapcii,  and  the  prindpal  product  consists  of  a 
looking  acid   li<]in<t,   vbich   coiitatiu  a   mixture  of  two  I 
acids,  one  of  which,  the  Uaeome,  crystallizes  with  faciiitjrJ 
otlit-r,  termed  citraconic,  pt/rocilric,  or  citrifiic  acid,  is 
tcIdUc  ;  both  hare  the  fomitibi  (1  IIO,Cj„II,0^.      1 
drated  aconitic  acid  miktnias  the  elcoienta  of  1    atom  of 
B    iiaoouic  or  citraconic  acid,  and  1  atom  of  carboiuc  acid :- 


I 


AnMifiewil. 


IlanBirariiL 


3  UO,C«H,0.  =  3  UO.C^^H.O,+C,0,. 

A  cousi<lerab1o  quantitT  of  atnconic  anhydride 
the  hjidratcd  acids  during  the  distillatiou.     Cit 
obtained  during  the  diatillatioD  of  tnctic  Head.      When 
treated  willi  nitric  acid  it  is  partially  decomposed,  ac 
into  ox:dic  nod,  whilnt  a  uitro-and,  prubably  (2  IIO,Cj 
is  produced,  and  at  the  saute  time  a  new  acid,  t&or 
citniconic,  is  formed,  tensed  iKtaamic  acift.     The 
obtained  in  miuute  crjrstals,  which  arc  ajHtriuglr  boU 


4.  ^/ec9t)tc  Aeitt  and  it*  Derimtif 
7li54l  Mkcosid  Ai:iti    (3  H0,C„II0„+6  At 
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aiHty  juice  of  the  Papaveracea,  It  U  extracted  from  a  coiicvn- 
trRtct)  aijueous  infiisiuu  tif  »i>iuin  by  oeurly  neutraluing  it  wUli 
mjtk  of  lime  and  addinj;  &  solutiou  of  chloride  of  calcium  ;  the 
iDCCotiatc  oFlimc  being  ncarljr  insuluble  is  timet  prccipttatcil.  In 
order  to  isolate  the  acid,  one  part  of  toecotiatc  of  lime  is  mixed 
vith  10  parts  of  water  at  190%  and  dccompofleU  h;  the  additiou  of 
Iij-drocliloric  acid  in  coaMidcrnblc  c:tccss;  the  meconic  acid  crys- 
tnlMxca  from  the  solution  in  scales,  whieti,  however,  are  coimder- 
ablf  coloured.  They  must  be  digested  witti  purified  animal  char> 
caal,  aud  rc-crvstnlliKod,  l>ut  they  cannot  be  obtained  colourless 
vittiout  considprahle  diflicidty.  Meconic  acid  is  sparingly  soluble 
ill  cold  water,  but  is  readily  dissolved  by  it  when  hot ;  it  is  also 
soluble  in  alcohol  an<l  ia  ether.  Its  Holutiuiis  litivc  an  acid,  astriu* 
geiit  tnkte.  When  its  crystals  are  heated  to  212*',  6  atoms  of 
water  are  exjwUed.  The  aqueous  solution  of  meconic  add  is 
decomposed  by  ebullitiou,  and  carbonic  acid  gradimlly  escapes. 
IIh  change  im  effected  more  rapidly  if  KOme  mineral  acid,  such  as 
the  sulphuric  or  hydrochloric,  be  added  to  the  liquid.  Similar 
resutia  axe  obtained  if  the  cryBtalliscd  acid  be  heated  to  350^.  lu 
alltheec  cases,  a  new  acid,  the  cumcnlc,  is  obtained  , —       ^ 


MwfloIaKld. 


ConeulD  Hiid, 


3  HO,C,.HO„  =  3  II0,C.,H,O,+C,O.. 

MeeoRotea. — Meconie  ncid  is  tribasic,  the  forreuln  of  its  nor- 
mal salta  being  3  MO,Cj,ItO|,.  The  meconutes  of  tlic  atkalics  arc 
Milnbte.  The  normal  mecoiiatcs  of  lime,  baryta,  lead,  copiier,  and 
silver  arc  nearly  insoluble  in  water,  but  arc  soluble  in  ftcctic  acid. 
Meeonate  of  silver  when  heated  la  dL'(-»m|)osed  with  explosion. 

It  is  Mnietiiues  important  for  mcdica-lcj;al  purpones  to  be  able 
to  aaoartain  the  presence  of  mccoaic  ncid  in  eases  where  opium  is 
■wpected  to  have  been  administcnni  as  a  poison.  With  thin  view 
tbe  following  process  may  be  adopted ; — The  solution  is  to  be 
mixed  with  acetate  of  lead,  an  impure  mcconate  of  lead  is  thus 
precipitated  if  meconic  acid  be  present;  the  precipitntt?  af^er  it  has 
been  vuhod  is  decomiK>!>ed  by  sulphuretted  hydrogen,  and  the 
mccoDic  acid  thus  set  at  liberty  is  concentrated  by  evaporation  at 
a  temperature  not  CJceeding  160* ;  a  very  dilute  solution  of  pcr- 
chloride  of  iron  is  then  added  to  Ihc  cuiiceutratcd  liiiuid.  If 
mrcofiie  acid  be  present  it  strikes  a  deeji  blood-rod  colour,  which 
may  be  distiiiKuislied  from  that  due  to  sulphocynnide  of  pntnM4inm 
by  the  eflfect  of  the  addition  of  11  few  drops  of  Bulphuric  acid  with 
a  fragment  of  x!nc;  if  the  colour  be  due  to  thesiilpUooyanide,  the 
rud  liat  will  disappear,  &ud  eulphurottcd   hydrogen  will  be  cxtri- 
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catcci ;  1>ut  if  the  compound  contain  mecouic  Bcid,  the  oalour  will 
not  l>c  nlTpclpd :  a  solution  of  terchloride  of  gold  or  of  eorrosire 
sublimutc  nW  (liHcliurgcs  ihc  colour  of  llic  salpboc^'auide  of  iroti, 
but  i»  without  effect  upon  the  mecotiate. 

(ii.W)  (-'oiaeaic  acid  (a  HO,C,jHjOJ  is  dibasic.  It  ii 
sparingly  soluble  iu  vatcr,  and  ci^stuIlizcB  in  hard,  wartjr  nodule*. 
Nitric  acid  rapidly  decompospa  it  into  oxalic,  carbonic,  and  by- 
drooyanic  nciila.  This  acid,  like  ibc  preceding  one,  gives  a  blood. 
red  solution  with  the  pcrsalta  of  iron,  and  a  irbite  precipitate  with 
acctntc  of  lead,  but  it  give*  no  preeijiitutc  nitb  wilt*  of  baryta. 

If  either  the  mecouic  or  the  comenic  acid  be  distilled,  a  nag 
monobasic  odd,  ftyromecmic  acid  (iIO,C,oH,OJ,  19  sublimed  :- 

t^nORilci  Kid.  r^rarantoDle  adil. 

His  ncid  »  isomeric  with  tlic  pyromucic,  but  is  distinguislied  tp 
it  by  yielding  with  the  pcrsalts  of  iron  a  solution  of  a  l>lood>r«d 
colour,  and  by  giving  110  precipitate  vith  a  solutiou  of  subaoeUtt 
of  lead. 


J.  J^ffenmt  Varieties  qf  Tannu:  Add. 


Htoeuie  I 


(i  1 56)  The  ti'rm  tannin  was  formerly  applied  to  the  il 
forms  of  tlio  astriiigeut  priiicijile  which  were  cniplojcil  in  the  pro- 
CMS  of  tauDiug  hides.  Most  of  these  substaucoH  are  now  knovii 
to  posacfH  an  acid  reaction  ;  but  it  has  been  aaccrtaiued  Uiat  there 
arc  scvcrnl  distinct  coiupouiida  which  resieinblc  each  othur  iu  pro- 
perties, though  thi^y  jioiwc»>s  a  diffcrcutchemieal  eompoaition.  Time 
asuiDgcnt  principles  arc  very  estcusircly  dilfused  throu);buut  the 
r^etablu  kitigdom.  The  bark  and  K-Jive«  of  must  furcet  trees, 
such  ta  the  oak,  the  elm,  the  willoir,  the  LorsG-chesnot,  and  the 
pine — and  of  many  fruit  trees,  such  as  tlic  pear  and  ptum,  ctmtaiu 
tauiiinin  notublc  qtmntity.  Tlic  wood  and  burk  of  many  ehrubs, 
Buel)  as  the  stimach  and  the  whortleberry — and  the  roots  of  the 
tomeutilla  and  bislorl,  are  hUo  [towerfully  aHtriit^ciU,  owing  to 
the  preseucc  of  oiiu  of  the  forms  of  tannin.  Coffeennd  tt:8,aiiuc)l 
as  Paraguay  tej^  likcNifte  contain  a  modiBoation  of  this  utringcnt 
principle.  All  these  l)odie»,  eicept  coffee,  precipitate  ihe  [lersalu  of 
iron  of  a  btuisb-black  colour,  or  if  a  free  acid  be  preacut,  the  mjIu- 
tion  assume*  a  dark-^rceu  colour.  iXtuxy  vegetables  conlaiu  an 
astringcat  principle  wliiub  prectpilatos  the  mlts  of  iron  of  a  dark- 
grccu  inatead  of  a  blue  colour :  catechu  and  kino  ofler  good  in- 
ataiices  of  this  variety  of  tannin.  Some  few  astringent  ptanu 
yiold  an  infueiun  which  precipitates  iron  uf  a  grey  colour,  aiooDg 
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vtiicb  arc  mntricaria,  rtiatanf  {Kramtria  triandra),  and  the  com* 
mon  nettle  {Vrliea  vtvuii).  Tuouic  ociJ  ia  all  its  forms  rupicUy 
sbaorbs  oxygcu  wlicu  moiat. 

The  most  imporutiit  of  thcAe  acids,  and  the  one  which  has 
he«ii  most  accurately  Miuliod,  !a  the  tntinic  acid  of  the  gall  uut,  or 
S/alloiannie  acid :  that  of  the  oak  or  quereitanmc  acid  ia  also  a 
distinct  species  (Stcnhouw),  as  well  as  that  of  the  fustic  [Momt 
tmcloria) ;  morUiinmc  acUI,  as  the  Intter  rariecy  is  termed,  is  a 
yellow  crystaJlino  solid,  wluoh,  according  to  the  experiments  of 
Wagiicr,  may  be  represented  by  the  formula  CCmH|jOj„).  QuinO' 
tannic  acid,  or  the  tanniu  of  tlic  ciachooa,  accordiug  to  Hlasiwctz, 
is  rcprc»ciited  by  the  formula  (CjgH,jO,j?)  ;  ami  there  is  no  douht 
that  the  mimotannic  add  or  tauoiu  of  the  catechu  is  a  distinct 
rarictr,  although  from  its  prouciicss  to  cliuige,  the  true  coinpo* 
■ilioD  of  tliis  siiltatanoe  lit  uncertain.  Kitio,  valouia  (the  acorn- 
eupa  of  ihv  Querent  offUops),  uud  divi-divi  (the  pod  of  the  legume 
of  Ca«a/pinia  coriaria),  all  contain  powcifully  astriiigcnt  com* 
poundtt  whid),  according  to  Steuhouse,  are  distinct  from  gallotati- 
aic  acid. 

(1157)  GallotaxsicAcid;  tannic  aad[C^^}i^O^^■,  Strcckcr). 

— This  acid  ia  ohtaiucd  in  a  etatc  of  purity  iirom  the  jjull  nut,  an 

cscrcACciicc  produced  upon  the  leaves  of  a  species  of  oak  [Querctts 

k/fcloria),  by  the  puncture  of  a  uuall  hymenopterous  insect.  The 

giU  uut  cDDtaius  as  much   as  two-tbird»  of  its  weight  of  tauuic 

add,  auc)  about  tn-o  per  ccut.  of  giiUic  acid  (Uuibuurt).     la  order 

to  extract  the  tannic  add,  Pelouze  directs  the  gait  nuts  to  be  ro- 

ducvd  to  powder,  aud  digested  with  about  au  equal  weight  of 

washed  ether ;  the  decanted  liquid  separates  oa  atauditig,  into  two 

portioDS,  tlie  deniter  of  which  in  of  a  ycllaw  colour,  and  cousistaof 

a  cooocutratcd  atjueoua  eoluliou  of  tauiiic  acid;  Uic  other  portion 

is  of  a  f^euiab  colour,   aud   ia  composed  of  ether  holding  gallic 

acid  and  colouring  matter  in  solution.     The  yellow  solution,  when 

eraporatcd  to  diytie»,  yields  a  porous,  pale  bufT-coloured  residue 

of  amurplioua  gitllotatinic  acid.      Accordiug  to  Stcuhoiiae  the  taiiuic 

add  of  sumach  is  idcuticai  with  that  of  the  gatl  nut,  but  it  is  not 

readily  obtained  in  a  pure  form.     Gallotaimic  acid  is  freely  soluble 

iu  water;  tt  reddens  Utniua  paper,   and  dibsolvcv  the  carbonates 

with  efTcncaocncc.     It  ha«  a  purely  and  iotenwly  astringent  ta»tc  : 

it  ia  folublfl  in  dilute  alcohol,  but  sparingly  so  In   ether.     Its 

^Kdilutcd  a[|u6oiis  solution  alowly  absorbs  oxygen  from  the  air,  and 

^E»  converted  into  gallic  acid  ;  this  process  ia  favoured  by  the  pre< 

Baeace  of  a  particular  ferment  which  is  ooatained  in  the  gall  nut. 

Ka  aolutioo  of  tauuic  acid  iu  water  is  coag^ted   by  chloride 

B^      3  DO 
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potJU>9iuni,  anct  by  many  other  salts.  Sulplioric,  hydrochloric, 
phowplioric,  and  some  other  acids  also  diaiiiiish  its  solubility,  and 
precipitate  it  from  a  oonocntrated  aiiucous  Eolutioo.     Kilric  actd 

^CUQVcrtA  it  iuto  oxalic  mid  saccharic  acids.      Lf  Iwilcd  with  dilute 
llpburic,  or  witli  lij-drochloric  acid,  it  i»  couvert«d  into^uj^ar  aud  '' 

"gallic  ac-id  (Strectcer) ;  the  latter  crystallizes  on  cooling,  whilst  the  , 
glucose  remains  ia  aolutiou : — 


flaDoUank  (diL 


OallkMU. 


OtomM. 


C..H„0„+5  H,0,  =  3  (3  HO.C«H,0,)  +C„H„0„.  a  Aq. 


)  taouic] 


A  boiliog  coarculratcd  soluCioii  of  [lotash  also  deooinix»es 
acid  and  occasioDS  the  formation  of  gallic  acid.      If  air  be  admitted 
to  the  mixture,  the  acid  last  named  is  in  turn  decomposed  iot^U 
black  ulinio-Iike  substance.  ^M 

G allot annatea. — The  composltioa    of  thmc  salts   is  hat  imper^  ' 
fcctly  known,  and  thnre  is  considerable  uncertainty  whether  the 
■cid  should  be  regarded  ns  dihaaic  or  a»  tribaaic.     A.  Milutiou  of! 
gallotauiilc  acid  occasions  a  violct-black  prctfipitatc  in  soliitionsof 
the  per»aUs  of  iron.     It  also  cauacii  preripitatos  in  the  solutioot 
of  tbc  salt«  of  morphia,  quiuia,  brucia,  aiiil  many  other  vegetable 
fMue«  ;  theite  prmpitatcs  consist  of  };al lota ii nates  of  the  liaae*,  and  \ 
are  readily  soluble  in  acetic  acid.     The  gallotannatcs  of  lead  and 
antimony  are  white    and    insoluble.     Those  of  the  alkalies  are 
eolublc;  their  solutions  hare  nu  astringent  taste,  and  do  not  pre- 
cipitate gelatin  uutil  bodio  acid  is  added  to  liberate  tbc  gallotaunic 
acid  from  the  base.     If  the  solutions  of  these  mlt«  be  expOMd  to 
tbc  air,  Ciipecially  if  the  base  be  in  escesa,  thn-  rapidly  iKcone 
brown,  and  are  decomposed  with  absorption  of  oxygen.      None 
the  gnllotannates  can  lie  obtained  in  ciystab. 

The  bous  of  ordinary  writing  ink  ie  gallotaunate  of  iroo. 
Various  recipes  are  given  for  its  preparation  :  the  following  fur- 
nislict  a  very  good  ink  i — Digest  three  quartern  of  a  pound  of 
bruised  nut  gnlla  in  a  gallon  of  cold  nutcr,  then  add  kI\  ounces  of 
Hidpbate  of  iron  with  ait  e(]ual  weight  of  gum  anibic,  and  four  or 
five  drops  of  krcasotc  to  prevent  the  ink  from  becoming  mouhly. 
Let  Uiis  mixture  digest  at  ordinary  tcmiicraturcs  for  two  or  three 
weeks  with  occoMOunl  agitation  ;  then  allow  it  to  settle,  and  decant 
for  use.  Oxalic  acid  and  chlorine  water  readily  discharge  the 
colour  of  writing-ink,  and  they  may  be  employed  to  remove  ink< 
stains  from  linen.  An  ink-spot  when  naebvd  with  an  alkaline  «oap 
Iwcomea  yellow,  forming  what  is  familiarly  known  as  an  irou- 
iDOuld.  This  yellow  stain  is  due  to  the  oxide  of  iron,  whidi 
coQStitiitee  the  luisis  of  the  ink,  and  vhidi  has  attuchcd  itself  to 
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vlillst  tlie  ftlknli  or  1)ic  ftoiip   hM  removed  tbc  taauic 

uo?t  reinurkn'ile  compoand  of  tannic  scid,  liowcrer,  u 
itclk  it  farmn  witli  ffeJatin,  whJclt  constitutes  the  bssU  of 
Tlin  principles  of  the  manufacture  of  tbifl  imimrtant  su))- 
will  be  (Mnaidered  (1458)  after  Ilie  properties  of  gtliitin 
ea  described.  When  a  solutioa  of  gclitin  or  isinglass  is 
to  an  aqtico>i»  infu«ion  of  any  vegetable  containing  tannic 
copious  gelatinous!  precipitate  occur*,  vbich  is  soluble  tii 
- ''  Intin  if  the  liquid  be  boiled.  Ad  cxccm  of  tannic 
-  the  resolution  of  the  compound.  If  it  pieoe  of  m« 
from  hair,  be  iniitiere«d  in  a  solution  of  taniiic  ucid,  tlic 
tM»ue  graduallr  comhinca  with  the  scid,  and  rctnins  it 
of  IcBtbcr,  the  superimtant  liquid  t>eing  ultimntely 
frtt^  from  alt  traces  of  tamiin,  if  the  piece  of  sktu  be 
it  sixe. 

l!»l]otanmc  acid  is  siibjcctcd  to  n  tempemture  of  About 
decompoiicd,  and  yields  pyrogallic  and  mcta^alUc  acidit 
fiio^  whilst  water  and  carbonic  acid  are  expelled.  The 
of  pyrogtdlie  acid  appA&rs  to  be  chnracCcrialie  of  gallo- 
,  since  tfae  other  variotiei  of  tannin  do  not  yield  tliia 
(Stcuhouse). 

M'tmatanme  Add. — The  diflferent  apocies  of  catechu  and 

thoa^b  derived  from  trees  belonging  to  several  diSereiit 

iilics,  apixrar  to  coatain  the  same  modificatioa  of  the 

priiuriple,   which,   a«  already    stated,   diflcra    iu    etome 

fMrticulats  from   the  gallotanoic  acid.     Formerly,  kiuo 

u   weie  Boldom  employed  in  this  country  except  for 

puqiooca ;  hut  of  late  yeara  they  have  Ixwn  cstcimively 

dyer  and  the  tanner,  and  have  thu«  acquired  consider- 

loc,  both  commcrciully  and  chemically, 

tia)  coiutitucnt^  of  caleehu  are  mimolatmie  add  and 

which  arc  mixed  with  a  brown  sulHtaucc,  resulting  firom 

itiou  uf  both  these  bodies. 

rtaiuiic  add  \*  spantiijly  soluble  in  dilute  Hulphuric  acid, 

I  finely  soluble  in  water.     If  a  coiit^'utratcd  aqueous  in- 

!ha  be  mixed  with  a  small  ([iiantity  of  dilute  sul- 

precipitatv   occtint,    iiL   fir<t   coasistiug   chiefly  uf 

iiiatt«r ;  thia  may  be  removed,  and  on  then  grfidually 

iBoentTa{«il  Kulphuric  ncid  m  long  a.i  it  occasions  a  pre> 

limotaiintc  acid  ■«  thrown  down:   tliin precipitate  taaylK 

n   a   filter,  w^bed  with  dilute  aalphuric  acid,  presned 

b/f  oT  bloUioffmpcr,  and  rfjiwolred  Ja  water.      The 
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excoM  of  mljiliiirtc  acid  is  then  removed  bv  digestion  with  e 
boiiate  uf  lead,  and  tlie  filtered  liquid,  when  craporxtcd  in  vacuo^ 
furuislics  mimotanuic  acid  ucnrly  pure. 

Tbin  HiiliiiUuire  m  disliitguiahed  from  gallotannic  acid, 
viclditi^  a  gnviuslt  grey  precipitate  with  tlie  perult*  of  iron  ;  and 
by  not  precipitEitiDg  a  eolutioa  of  tartar  emetic  ;  wlicii  subjected 
to  livat,  it  doeti  not  funiifih  pvrogallic  acid.  Its  Bolution  absorlM 
oxygen  8U(1  boeumct  of  n  dark  red  colour,  Icnviiig,  when  p^npo- 
rated,  a  »iihntance  no  longer  comiilctcljr  soluble  in  water.  Under 
thc«c  circuiDiitaiicen,  according  to  Delflft,  a  cc^rtain  f)uantitT  of 
catorhiu  is  forrui'd,  and  rcuiaina  in  a  cryBtallineoonditioa. 

Vatechin  (0,^,111,0^,110;  Zwcngcr)  m  contained  id  the  portion 
of  catechu  which  is  not  soluble  in  cohl  vinter ;  it  ih  soluble  in 
thrt*  or  four  parts  of  boiling  water,  or  of  boiling  alcohol  i  and 
when  pure  is  depOMtcd  in  minute  colourless  crystals.  ThecatuKk 
alkalies  iimn«liutely  uttnck  it,  ciiiixiiig  it  to  abitorb  oxygen,  when 
it  becomea  first  yellow,  then  red,  and  6nally  black.  Catechin 
precipitates  perchloride  of  iron  of  a  dark  greeo  colour.  It  » 
soluble  in  the  dilute  acids :  when  treated  with  oil  of  vitriol  it 
given  a  purple  solution:  nitric  acid  converts  it  into  oxidic  aciit. 
Catechiu  is  fusible  at  423^  :  at  a  higher  temiierature  it  is  d<!Coin> 
poaed,  and  amongst  other  products  yields  a  crystallixable  ^iibxtiincs 
tcrmeU  fj>/rt>caf rttiin,  iir  oxffphniic  acid  (C,,H^OJ.  L&uttrtnnnn  hiM 
ohlaiued  pyrucatccUiu  artificially  by  decompofiingnioniodo-snlieylif 
acid  by  means  of  an  alkali  {Im:&.  /Smiil.ci.Y\u.  i^yz).  Moriianmcadi 
(C.jijIIjuO.J  [the  tuiiiiinof  the  Monm  lincloriti,  the  yellow  dye  calk 
fialie)  yields  tlie  same  product  when  submitted  to  distillation. 

It  h»»  been  suggested  that  the  difi'crciit  varieties  of  tan 
ncid  may  be  Lomologous  terms  of  the  same  Maries;  but  tliefaciliiv 
with  which  they  undergo  change  rendem  their  investigation  a 
matter  of  great  difflcully ;  and  the  accumcy  of  the  forniule 
amigncd  to  these  different  compounds,  with  the  cxccptiou  of  t 
of  gnllotaunic  acid,  mu»t  be  regarded  a.%  very  doubtful. 
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6.  GeMic  And,  audita  Derivtdivet. 

(1159I  Gallic  Acm  {C.^O^+i  A(i=.3  H0,C,.H,0,  +  3 
=  37  +  143  +  18). — ^This  acid  eiists  ready  formed  in  ilic  gall  nil 
in  sumach,  in  valonin,  and  iu  a  largo  number  of  other  utringeut 
vegetables,  although  the  ijuantity  in  each  is  but  uniall.  It  may 
readUy  be  obtained  by  allowing  au  infusiuD  of  gall  nuts,  or  the 
powdered  galls  moistened  freely  with  water,  to  stand  in  •  warm 
place  for  wme  veekSj  exposed  to  the  air:  it  quickly  becomes 
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f,  abaorbs  Gxygeo,  anil   emits  carbonic  acid,  owing   to   the 
Bpoo  of  ft  »pccich  of  fcrmciitatiou,  duriug  nliich  oljuudancc 
^hcid  i»  ilc|MMiU-«1  ill  tlio  foriii  of  cryittiils.      Tlic  Hc!d  muAt 
pad  b^  digCftUmi  witli  animal  cimrt'ua]  and  re-cry^taltixition 
ailing  water.     Gallic  acid  ia  also  dei>outcd  froin  Jufiuionof 
Ms,  if  Itejit  ill  vevtels  from  vrhicb  air  ie  cxcliKlcd  ;   but  iii  ttii« 
UrolutioQ  of  gas  occurs  :  the  exact  Atagcjt  of  tlicsc  processes 
HtAkion  have  not  been  clearly  made  out.     Gallic  nctd  mnjr 
^pbt^urHxl   bjr  boiling  tniiuic  icid  tritb  dilute  suljiburic  or 
Haric  acid,  in  which  case  wat^^r  ia  asftimiUted  nnd  gliicoec 
Bblterty  (iij7).     Lautemanu,  by  coiivertiut;  milicvUc  acid 
nodo'«ft1icTlic  acid,  and  trenting  tliis  compound  icith  car- 
I'Of  ixvtaab,  has  succeeded  in  ohtAiuing  gallic  ucid. 
be  at'id  cTT^tnlline*  cither  in  the  form  of  dclioklc-  silky  uocdics, 
Bliout  obliqiu-  rhuiiiboidid  priams,  which  require  about  lOO 
^pold  mater  for  their  solution,  b)it  only  ^  j)art«  of  boiling 
^ky  are  freely  soluble  in  alcohol,  but  only  siKuiiigly  iso  in 
BtVbcD  dried  at  212°  they  lo«c  9-j  per  cent.,  or  2  oquiva- 
Bvater. 

Htfes. — According  to  Strecker,  gallic  acid  is  tribasic,  aodit 
B'  -sea  of  salts,  the  general   forioulie  of  wliich,  arc 

m  \lpj:     2  MO,nO,C„U,0,;    si.d3M0,C„Hp.: 

Bi  i-i  tiicre  arc  salts  with  an  esoeera  of  acid,  nud  with 

nt  Ir.iH-:  i  thus  au  acid  salt  of  potash,  [2  (KO,  i  Ui),C^^iljO.) 
LC,,il,Oj+ 1  Aq]  may  be  obtained  by  adding  au  alcoholic 
B  of  potash  to  au  alcoliolic  solution  of  gallic  acid.  The 
■  (tf  the  alkalioi  speedily  absorb  oxygen,  and  become  browu 
war  •olnlious  arc  exj>oscd  to  the  air,  especially  if  su  excess 
^kptvscut.  Nearly  all  the  gallates  of  the  heavy  metallic 
Hb  taauluble.  If  au  excess  of  gallic  acid  be  a«Uled  to  a  salt 
Bkbe  prectpitaU;  is  at  first  white  and  amorphoue,  but  it 
^m  bvcomcs  crystalline  if  left  In  contact  with  the  liijuid. 
FmiMt  cboractcristic  rcactiou  of  ibia  acid,  is  the  formation 
■|L  bluish  black  suluciou,  when  nddod  to  a  niiiLturc  of  tlio 
^m  aAil  pec*alt*  of  iron  :  if  the  solutions  be  free  from  acid, 
Bvmlarty  if  a  sulntioa  of  bicarbonate  of  lime  be  added, 
^Boo  is  ciQ<;  of  extreme  delicacy.  The  tuilts  uf  gallic  acid 
Kti*e  n  f  recipit&te  in  solutionB  of  gelatin. 
K  acid  is  exposed  to  a  temperature  of  from  410°  to 

^L    "u'jily   volatilised,  and  is  converted  into  pyrogallic  ami 
Kdds .— 
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hut  if  the  tempentnre  1>o  allowed  to  reach  480",  the  pyrceiltic 
acid  la  its  turn  tuSen  dccoiupoeitioii;  water  is  expelled,  aod  a 
(lark  ulmin-likc  body  is  formed,  termed  melagaU'tc  add,  which  i* 
insoluble  in  water,  hut  soluble  in  nlknliuc  whitiotui : — 

(iifio)  Pyro^flWic  Jrif/ (CijIIp^l,— This  suhotancc  posaeaiee 
hat  Tcry  fcehlo  acid  properties.  It  niny  be  obtainc<l  by  tbe  sub- 
limation of  gallic  acid,  or  of  any  vegetable  extract  whicli  contaiiu 
gallot:iiinic  acid.  The  extract  may  be  placed  in  a  shallow  iron 
pan,  vrhii;li  \»  covered  with  a  sheet  of  bibulous  paper,  over  whick 
a  cone  of  writing-paper  is  fastened;  on  applying  &  regulated  UQd 
heat,  the  pyrognllic  acid  Ih  converted  into  vapour ;  it  paaaes  througli 
the  bibulum  paper,  and  rises  into  the  chamber  formed  by  tbe  paper 
cone,  where  it  is  condensed,  and  is  prcvcTitcd  from  falling  bock 
into  the  pan  beneath,  by  the  interimscd  sheet  of  filtering-piper. 
Tliin  method  of  siibliraation,  contrived  by  Mohr,  ia  applicable  hi 
many  other  cases  of  a  similar  klud.  Liehig  mixes  wcll-drted 
gallic  acid  with  twice  its  weight  of  coarsely  powdered  pumice, 
atouc,  and  hcnta  the  mixture  in  a  retort,  throngh  which  a  ciirrenl 
of  dry  carbonic  acid  ia  mniiitiiiiieil :  31  or  33  parts  of  pyrogallic 
acid  arc  thus  obtained  for  every  100  parts  of  gallic  acid  employed. 
Sublimed  pyrogallic  acid  forms  voluminoiiN  brilliant  plates^ 
which  nrv  freely  voluble  !n  wntcr,  alcuhot,  and  ether:  the  lolution 
has  a  bitterish  taato,  and  does  not  redden  litmns  paper.  Wbcu 
the  acid  is  heated  to  about  340°  it  melts;  and  when  furtbcr  heatnl, 
it  emits  a  colourless,  irritating  vapour.  The  acid  may  be  pre- 
served uncli.iiiged  whiht  dry,  hut  its  soltUioii  quickly  become* 
brown,  and  itltsorbs  oxygen  j  and  if  a  free  alkali  be  added,  tha 
absorption  of  oxygen  is  so  rapid,  as  to  afford  a  x-atuablc  method 
removing  fi-ec  oxygen  from  gajteouit  mixtures  (2^6  note). 

The  alkaline  solutions  of  pyrogallic  acid  rapidly  assume 
ntensc  reddish  brown  coioar :  this  brown  solution,  according 
Stciihousc  [Lii-ii^'it  Ami.  xlv.  /i},  contains  acetate  and  oarboi 
of  the  base.  "When  the  acid  is  dropped  into  milk  of  Ume  it 
duces  a  beautiful  purplish  red  colour,  which  aoon  bccomea 
dingy  brown  ;  thin  reaction  in  vei^- eharacierintic.  Pyroi^allM 
on  account  of  tbo  facility  with  nbiub  it  ahwirbs  osygeii,  decom- 
poses most  of  tbe  salts  of  silver,  of  gold,  and  of  platinum  ;  hut  it 
farms  a  definite  cora])Ound  with  oxide  of  lead,  and  divaolves  frfwhly 
procipitated  alumina.  If  a.  solution  of  pyrogallic  acid  be  added  to 
t,  boiling  solulioa  of  tartar  emetic,  sparingly  soluble  pearly  crji 
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PJ  «re  dcpiwited.      WiUi  protosTiIpliatc  of  iron,  free 
!c  of  ihis  inetnl,  pyrc^n^ic  ocid  gtves  a  deep  iudtgo> 
I,  wbtclt   liixTotacs  grceii   br  the  action   of  air:  with 
■a  it  forms  u  bright  red  solution. 
lie  acid  is  uow  latvuNircty  employed  in  photo^raplitc 
for  tha  purpoMi  of  developing  the  latent  itnag«  upou 
tatiferatu  oollodion  film  after  it  lias  bccu  exfioicd  to  the 

r  light  (884). 

\t)   En^igic  Add   (HO,C„H,0.+  a  Aq.  ;  if  dried  at  340', 

"  ^  '  — Daring  tbe  prtiiaration  of  gallic  acid  from  gall 

y  of  a  grey  crystalline  powder,  tKrmcd  eUagie  acid, 

s  substance  is  insoluble  iu  water,  but  soluble  in  tbe 

..].    |Mitii»)i  it  forms  a  llaky  salt  which  la  but  sparingly 

aoIutioQ  of  tbtH  salt  speedily  alnorbft  oxygen  from  the 

mc9  of  B  blood-red  colour.     'When  treated  with  a 

|>crchloride  of  iron,  clla^c  acid  ia  gradually  diBsolved, 

dwp  blue  liquid.     The  most  singidar  circumRtance  in 

■witU  this  body  is  the  discovery  of  Wohli-T  aud  Merkleiu 

i,cua»titumt  of  certain  kinds  of  oriental  bezoam.     These 

intestinal  caucretions  which  occur  in  the  wild  goats, 

ti  and  deer  of  the  couiitrica  of  Central  Asia:  tb«j  (une 

BVDtd,   or  rcniform  massea   of  a  dark  olive-|;reen  colour, 

Bpoo  the  fiurbce,  and  in  use  seldom  exceeding  a  pifrooo'a 

len  brokea,  they  arc  usually  found  to  have  been  deposited 

Entric    layers  upon  some  foreign  nucleus  :    tliey   are  not 

ike  ttiv  Utbofellic  bczoare. 

RDutrated  aiilpburic  acid  dissolves  ellagic  acid,  and  prccipi- 
maltcred,  on  dilution. 

Sir  0*  Fatvllaffie  Acid  (C,.H^Og  +  2  Aq).— If  the  crystals 
id  be  diMolrrd  in  five  times  their  weight  of  oil  of 
nuon  solution  i»  formed,  which,  if  allowed  to  fall  drop 
into  water,  deposits  a  roddiah  browa  aabstancc,  partly  in 
and  partly  iu  crystala.  The  cryttalline  portion,  or 
jrvcti/,  ia  ia»olul)lo  in  water,  but  soluble  in  eolutiona  of 
■Bik  Tliia  acid,  when  Iveated,  yields  a  §ubttmat«  consisting 
nd  jiham*,  rcscmhling  tho«e  of  alizarin.  If  a  piece  of 
y'-*-  '-rrd  been  moistened  with  alum,  or  with  a  »n!t  of  iron, 
I'ufigaltic  acid,  it  bccomea  dyed  with  the  same  tints 
iuul  been  ovedj  bat  the  colours  ore  less  brilliant  than 

J.  Qbjnic  Add,  and  i/j  BerftWivts, 
■teoaKf.yicAciD(i  £IO,CteU^O^;  Gcrhardt).— 


AvS  qmNATES — quiKoxc — nniBoqriwoNC. 

The  lurk  of  tho  ciDchoDaa  cont&ini  ft  pccatiftr  modificatinn  of 
tannic  acid,  termed  the  qninotaniiic,  and  besides  tlii*,  it  fiimisliw 
the  rcmnrknblc  lici<i  to  whicli  the  name  of  yufmc  acid  1im  been 
giTCD.  Quinic  &cid  appears  to  cxint  in  the  baric  in  oomhiuMiuD 
with  lime  ami  with  the  organic  bases  of  the  bark.  If  an  tqueoiu 
decoction  of  cinchoiia  bark  be  inixttl  with  milk  of  lime  until  il 
aMumes  a  foehic  alkaline  reaction,  the  vp^table  hnM»  and  tin 
tannic  ncid  ore  proeiiiitated,  and  qiiinate  of  lime  lemaiiw  ia  the 
liquid  ;  thia  wJt  may  be  pryatallizti!  from  the  mother-liquor  hf 
evaporation,  and  decomjiosed  by  means  of  oxalic  or  of  ■iulj)faane 
acid.  The  quiiiic  acid  may  then  l>e  obtained  in  erj'alaU  from  the 
solution. 

Qninic  acid  cryntalliBes  in  rolonrless,  oblique  rhombic  pntm^ 
whiHi  have  a  strongly  acid  taste  ;  they  are  freely  Boluble  in 
boiling  water,  Ichs  so  in  cold  water,  still  less  eo  in  alcohol,  and 
very  spnrin((Iy  »oliibIe  in  ether.  When  heated  to  311°  the  acid 
fu»c«,  and  at  a  higher  temperature  yields  a  complicated  mistsre 
ccmtainiiig  amongst  oilier  matters,  benxol,  bcnKuic  acid,  carbonic 
acid,  talicylous  acid,  aod  a  ooloiirlew  substance  termed  bjdro* 
qainoRe. 

(^i(Mn/«.— Quinio  acid  appears  to  be  dibasic;  nearly  all  ita 
ult»  urc  soluble  in  water,  with  the  exception  of  the  s«bc|iiinatc  of 
lead  (4  PhO,(_'^^l'bjH,„Oj„),  which  i*  obtained  by  adding  a  solution 
of  aubacetate  of  lead  to  a  neutral  qiiiiiate.  It  ia  remarkable 
that  in  this  salt  a  portion  of  the  hydrogen  of  the  acid  appears  to 
have  l>een  dtxplaccd  by  lead.  Qninie  acid  also  forms  a  baaie  nit 
with  copper  {4  CuO,Cj„H„0j„  +  8  Aq),  which  may  be  obtained  ii 
brilliant  green,  sparingly  soluble  cryntala, 

(11-^3)  Quinoae  or  kinom-  (C,„H,OJ. — When  one  part  of 
qninio  acid  is  heated  with  fowr  parts  of  finely  powdered  peroxids 
of  manganese  niid  otic  part  of  sulphuric  acid  diluted  wtlU  an 
equal  weight  of  water,  a  btauliful  yellow  cryhtalline  compound  i* 
sublimed,  and  oondensed  in  the  neck  of  tbo  retort  in  long  needles; 
to  this  substance  the  name  of  guinoHt  has  been  given : — 


Qulnia  »tiA- 


QuJU<Aff. 


aHO.Can„0„4-iO.=  sC„H.O.+»C,0,+  7HA. 


I 


It  may  also  be  obtained  fnim  the  aiiueoiis  extract  of  oofTcc  by 
treating  it  io  a  similar  manner.  Quiuonc  fuses  at  313^.  It  ia 
sparingly  soluble  in  water,  but  is  dissolved  more  freely  by  alcohol 
and  by  ether, 

Hydroqumoue    {C^^Wfi^. — When    quinone    ia    treated    with 
reduciug  agents,  stich  as  sulphurous  acid  or  protocliloridc  of  tio^ 
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Oonrcrted  toto  n  green   compound,  but  it  nltiiniitcly 
a    colourlesa  body,  tcrniKl   hjilroquinone.      Tliis    Bub> 

,au«in)  with    bcDsoio  acid,  U  the  princifKil  product  of  llie 

i.frrnn»i,,„  of  qiuiiic  ncid : — 

"'•JU  llrilm^iiliMiM.     BanaOicacM. 

!  utiiplcst  plan  of  preparing  it  consi^U  in  9iit«]>cii<Iittg  quinone 

aud  tnLtiRinittiiig  jtiiliiliuroiis  acid  giis  until  the  quhiooo  is 

I J  bj  cvii|K)Ritiiig  this  solutioo,  crystals  of  ti^pcli'WiuiQODe 

1,  whilst  tlic   liquid  ootitiiini  milpliuric  nciil.      llydro- 

pforms  »ix-si(led,  colourless  priiius,  wliieli  stre  very  sulnble 

alcfiLoI,   and  cthtT.     Tt  ia  irithout  odour,  aod  has  a 

taste;    it  fuses  rea^lilv,  and  ma^  l>e  sublimed  in  brilliant 

ibling  tho(i«  of  bciixotc  acid. 

sotiou  of  oiidisiug  agents  ii)>i>n  bydroquinoiie  is  roDoark- 

Whcn  it«  solution  ia  miwiA  with  a  .luUitiun  of  .tCHquictdoridc 

the  liquid  immediQtely  assumes  a  docp  bluckisb-rud  colour, 

I  few  momeats  it  l)ccomes  tilled  with  niagnifiMiit  green 

cr^stala,  which  have  a   metallic   Iu»trc.      These  tTjstaJs 

of  a  iS3tnbinalion  of  quinone  with  hydmciuinonc,  which  has 

c»Ucd   ffrem   /tytlro<jainoiit,    (CnH40,,C,jl[,OJ.     Chlorine, 

lacid,   nitrate  of  silver,  and  chromatc  of  potiuli,  when  mixed 

\%  lulutiaiL  uf  hydivquinow!,  aUo  occasion  the  formntion  of  the 

ipoDcul :  the  name  substance  i:^  likeiri»c  formed  by  mixing 

of  quinone  with  ouc  of  hydroquinotic.      This  beautiful 

foftCfl  on  the  applioation  of  a  gentle  heat ;  it  is  partially 

by    a  farther  elevatkiu  of  temperature,  aud    emits 

of  quinone.      Tt   i»  freely  soluble   in   hoilitig  vater,  and 

;ly    40   in    cold    water;  the  solution    has  a  ^tyjitic  taste. 

laud  rther  dimoire  it  readily,  aud  fona  yellow  solutioaB. 

qninoite    and    hydroquiooue  yield   several    substitution 
ids  with  chlorine,  and  with  ftulptiur. 

rogtiiaone,  or  ehtoranile  (C^Cl^OJ.— Of  the  chlorinated 

of  (|uinoito,  the  Bubetancc  which  bas  bccu  designated 

ia    the   moat   interexting,  since   throujjh  this   Iiody  the 

«f  quinone  to  the  phenic,  salicylic,  and  iudigo  grouiw  of 

-■'-    I-    indicated.     Perchloroquioonc  may  be  produced  by 

;.  mixture  of  chloratv  of  potnxh  and    hydrochloric 

n  quiuone,  and  ujiou  a  variety  of  other  Hub).cai)cc« ;  viz., 

ua  carbtiliu  and  carbanotic  acid  of  the  phenyl  scries,  ou 

lltydrido  of  saltcyl,  and  salicylic  ncid   of  the  aalicyl  group, 

10,  oiul  ilff  citloritiatctt  derivatives  jn  tlic  indigo  grQu\i. 

metbwi  o/ obtaiuiog  it  consists  iu  jircparing  a  winn 
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dilute  tolutioo  of  Hulicin  acidulated  witli  b/droohloric  acid,  and 
adding  powdered  cUorate  of  [lotasli  in  small  qiiimtilics  at  a  time. 
A  brink  rcnction  ocpun*  ou  f«ch  nddilioii  of  tlie  rhiorate,  and  a 
licavy  orungv-coluunrd  oil  ie  fonni-tl,  which  stdiiUriKs  oii  cuoliuj. 
This  solid  mass  is  perch  lorot|ui  tin  lie ;  it  mny  be  [iiiriSed  by  crystal- 
lization from  boiling  alcotiol.  I'crohloroqwinone  fonu«  pnle  yellow 
flakea  of  iH-nrly  and  metallic  liistrt'.  It  may  be  aublimrd  anal- 
ierod  by  the  ap|)licatioD  of  a  gentle  heat.  It  is  iiiaoluble  in  oold 
vater,  «ud  i«  but  tpftringl}'  soluble  in  cold  alcohol.  Ktlicr  disMlra 
it  rather  more  freely.  A  warm  dilute  solution  of  potash  diaaolfei 
perchlorociiiiiioue  readily,  giving  a  purple  litiuid,  wldch  on  cooling 
dqxwiCs  scales  of  biehhroqitinonale  of  potash  (l  KO,C^Cl,0,i 
a  Aq). 

8  and  9.  Sorf/ic  and  Parasorbie  Acidt. 

(1163  n)  Uofmann  has  recently  pointed  out  the  existence  of 
acid  derivwl   from  the  berries  of  the  service-tree  (Q.  J. 
Sac.  xii.  43),  which  he  lias  termed  sorbic  acid  (HO,  C^HjO,),  ai 
which  is  one  of  a  group  iiitonuediatc  between   the  fatty  and 
aromatic  acids.     If  wc  compiirc  together  the  terms  of  the  faCi 
,^d  aroiuKtic  series  which  contain  an  equal  Duin(>cr  of  atoms 
hydrogen,  tlie  new  acid  will  contain  a  number  of  atoms  of  curboD 
intermediate  between  thcoi — e.^.,  the  three  corrcspondiog  acids  ia 
each  group  are  : — 


UO,C,H,0,     ;     HO,C«HjO,     j     UO,C,.H,0,. 

The    general    formula  of  tbe  group  of  fatty  aeida  being 
C(,H5,^,0j,  that  of  the  sorbic  group  is  HO,C^Hj,_(Oj,  that  of 
the  benzoic  group  is  U0,Cj„ll2,_jOj.      We  may  cunlidcutly  aati-    1 
ci[)ate  the  discuvery  of  aldviiydx,  alenhoU,  and  other  aeida  of  tlu^J 
family  from  the  labours  of  future  iuquircrs.  ^| 

ParasorbU;  Acid  (llO,Ci,lI.O,) :  Up,  gr.  of  tiquid  vq68i^ 
Boiling  pi.  430". — If  tlic  juice  of  the  unripe  berriea  of  the 
mouutain-asb  bo  partially  neutralized  nitli  lime  and  aubmitted  to 
distillation,  au  acid  liquid  pa»se3  over  :  after  saturating  thi&  with 
carbonate  of  soda,  concGntruting  the  solution  by  cvajMratiou  and 
dccom[>osJng  it  by  the  addition  of  sulphuric  aeid  somewhat  diluted, 
a  brownish  oiJ  rises  to  the  surface  of  the  liquid  :  it  may  lie 
purified  by  solution  in  ether,  and  redistillation  after  tbc  ether  ha 
been  allowed  to  evaporate. 

Tilts  oil  haa  a  jK>culiar,  powerful,  somewhat  puiigcat  aromat 
odour;  wlicu  pure  it  is  colourless,  i»  somcwliat  eolublo  ia  wal 
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d  abandaatly  M  ia  alcohol  and  etbcr.  It  possesses  the  proper- 
of  Ru  acid,  wliicli  IIofmanQ  calla  paraaorbic ;  it  Js  readily 
able  ill  solations  of  tlic  Rlkalics  nttd  alltAline  enrthH. 
On  gently  trcAtiug  this  oU  iritli  itolid  liydmtc  of  potash,  a 
nsfcinnntion  of  the  acid  occurs  analogous  to  that  of  oleic  acid 
agency  of  peroxide  of  nitrogen.  A  new  isomeric  ncid  is 
termed  nurbic  acid.  Wbe»  the  potash  salt  is  decomposed 
y  hydrochloric  acid  this  oonapoaud  i»  set  at  liberty,  farDishiug 
oil  which  rnpidly  solidifictt  iuto  a  hard  cryatBllinv^  nubsUncc. 
similar  trausfonnation  of  parasorbic  acid  oeeura  when  tlie  oil 
boiled  for  a  ^ort  time  with  couceutrated  hydrochloric  add. 
)il  of  litriol  diKsolrcs  parasorbic  acid,  nod  on  dilution  tho 
nibstatioe  which  is  separated  gradually  becomes  crystallized  as 
orbic  add. 

Sorlnc  Acid  (nO,CjjH.Oj,  fusing  pi.  374")  as  ihns  obtained 
I  nearly  insoluble  in  cold  water,  but  muilerately  soluble  in  boiling 
rater.  £ther  aud  alcohol  botli  di^^sotve  it  very  readily.  It  mafJi 
e  obtained  crystallized  in  magnificent  wbitc  needles  by  deposi- 
OD  lioiu  n  hot  solution  in  a  mixture  of  t  volume  of  alcohol  and 
volumt^  of  water.  Ou  tliu  application  of  licat  it  fuMCS,  tiuA  ut  a 
igher  temperature  may  be  di.-<tilled  ttnaltercd. 

The  aorbatee  of  potash  aud  soda  are  very  soluble,  and  cry«- 
tlliiie  with  difKculty.  Sorbate  of  ammonia  is  aIt«o  very  xoluble, 
m  crystallizea  in  slender  needles.  The  salts  of  lime  and  baryta 
te  less  soluble,  and  crystallize  in  anhydrous  silvery  scales  on 
dding  alcohol  to  their  boiling  aqueous  solutions. 


CHAPTER  YI. 


AMtDKS,  AND    OSQAKTC    BASES. 

$  L  Amides   ahd   their  Yasieties. 

(116+)  AmU^fg. — It  has  been  already  stated  (31a),  that  under 
circumatancca  n  portiott  of  the  hydrogen  of  ammonia  may 
displaced  by  potassium,  aud  u  compound  ia  thus  formed  con- 
ting  of  KlijN,  which  has  been  termed  amide  of  potassium, 
lien  oxalate  of  ammonia  is  submitted  to  distillation,  a  vhitaj 
iblinute  ia  obtained  (507  mle),  iu  which  the  elements  of  oxidate 
ammouiH,  minus  4  atoms  of  water,  are  present ;  to  this  subli- 


mate  DuDiaii,  by  nliotn  it  was  discDveiedj  gafc  tlie  name  of 
cxamide.  The  foUouiog  equation  represents  ibc  rcUUon  wbicli 
txUts  betireco  oxniride  and  oitiUte  of  animonta : — 


2  n,N0,Cpa=2  HjN,C,0,+ 1  HjOj. 


Now  it  is  found  tlifit  utlicr  salts  of  nmmonla,  when  submi' 
to  dry  diatiUaliou,  or  othprwise  deprived  of  wntcr,  yield  compound* 
analogous  to  oxamide.  When  tlic  ammonia  salts  of  tbc  monobasic 
acid*  lotto  1  atoms  of  wutor,  or  wlioii  the  neutral  animoiiia  salts  of 
tbc  dibasic  acida  lose  4  atoms  of  watiT,  tlic  rcsultiug  compound* 
arc  called  amides;  tbme  obtained  from  the  dibasic  acids  ticing 
further  di!>liiiguislicd  us  diam'uhg.  It  bow  beeu  i)ro{)Oft«d  to 
account  for  the  formation  of  tbesc  compounds  by  the  hy|X>- 
thesis,  that  tbey  contain  a  certain  hydride  ol  nitrogen,  irhich  has 
not  bitlicrto  been  procured  in  a  separate  form,  but  to  which  the 
oompotiitioii  H^N,  and  the  iiamc  of  amidogttt  (312}  has 
a^iigned. 

()i6j)  NilrUcs. — But  tbc  amides  themselves  nlso  admit 
bein{^  deprived  of  water :  niul  when  tlie  amido  of  a  motiobasic 
acid  has  tbits  beea  made  to  lose  two  additioual  atoms  of  water,  it 
yields  a  compound  belonging  to  a  class  known  under  the  generic 
t4?rni  of  nilrikji.  Aeetamide,  less  two  atoms  of  water,  yields  ace^ 
iiitrilc : — 

Api<»mirt».  *i>fllii-oi  litis. 

H,N.C,lI,0,  =  lljOj+HN.C^,; 
and,  in  like  TsaDHcrj  oxamide  gives  oxa1o-nitrile : — 


."P 


Oulnlde. 


OuJii-nitrUd. 


aCH,N)C«0.  =  aH,Oj+-*NC,. 

It  14  worthy  of  rem.ark,  that  oxalouitrile  has  the  same  com- 
po&ition  aa  cyanogen,  and  is  not  only  metameric,  but  also  ideutical 
with  it;  ao  tbat  cyauogeu  admits  of  being  regurdtxl  us  the  nitnle 
of  oxaUc  acid  ;  and  thus  a  certain  analogy  may  be  traced  bctwccu 
cyanogen  and  tbc  products  obtained  by  the  dchydratiou  of  the 
amniouia  salts ;  tbc  tiitrili^t  of  the  fatty  acids  I10,Cj,H,,^„Oy 
being  iu  fact  identical  with  the  hydrocyanic  ethers  (1000},  These 
nitriles,  when  fused  with  potiusium,  yield  cyanide  of  potassium 
and  disengage  hydrogen,  mixed  with  gaMsous  hydrocarlKins.  The 
nitrilcs,  when  treated  with  an  alkali,  da  not  reproduce  bydrocy 
acid,  and  their  corrcspunding  alcohol ;  but  tbcy  rcoombine  vi' 
tbc  clcnitrnts  of  water,  and  form  ammonia,  and  a  salt  of  the  origin: 
Acid  from  which  tbc  nitnle  wa&  obtatuetl.      Thus,  bemtouitril 


'inal' 


I 


boiled  with  a  solatiou  of  potash,  yields  beiizoate  of  potash  and 
aiamoiiia : — 

The  nitriles  xaaj  be  obtained  from  the  corresponding  am- 
moDiAcal  saltSf  or  from  their  amides,  by  the  nction  of  ttn  ci:cc«s 
of  jibosphoric  tmliydride,  or  of  pinitttcliloride  of  jrhusphnrus: — in 
thid  way  bciixonte  of  ammouis  may  be  courf^rted  into  boiizaiiitrile, 
AQCe  the  latter  contaios  the  elements  of  bcnzoate  of  ammotiia  dc- 
jirivcd  of  4  atoms  of  water  ;  the  hytlrogeu  being  su[)plicd  from  tlic 
etemeutaof  tlic  ammonia,  whiUt  the  osygeu  ia  derived  mainly  from 
tboAc  of  tbc  ftcid : — ' 

iria 


lo^H 


Braioat*  oranmnatj^ 


Bcnicmilrilr. 


»  rO» -t- U.KO,C„H,0,  =  a  {»  HO.POJ +C„UiK. 

ro,+c,a,o,.e^'  =  3H0,F0,+ciiH^. 

PCT,+C„HA.H,N  =  3HCl-t-PCl,0,-f{,\.BtN. 

None  of  the  oitrile*  hitlicrto  procured  contain  oxygcu,  since 
all  tlie  aatta  whicti  at  preaent  are  kuovn  to  yield  them  aro  formed 
either  from  monobaaic  acids  of  the  form  (IIO,C,II,Oj,},  or  from 

t  dibasic  BcidK  of  tbc  form  (i  HO,C,H,0,). 
The  relations  subsisting  between  bcnzoate  of  amnioma,  benxa- 
mide,  and  betizomtrile,  will  exhibit  the  nature  of  the  coniiexiun  bu> 
twccu  the  uumonia  salt,  the  amide,  aud  the  oilriio  of  a  muuobiuic 
acid : — 

^^  BnMMtsofuuniiinii,  Bcnmnldt. 

i  < 

Wneuii 
Pdibai 


H,N0,C„H,O,-H,O,  =  U,KC,.H,0,  (or  C„H,NO,); 

Bufuunitla.  B»Daoiii(rilc 

and  H,N,C,^HtO,-H,Oj  =  C^^H^N. 


(1166)  Amidated  Adds. — If,  instead  of  opcrntitig  upon  a 
fnettiral  oalt  of  ammonia,  obtained  from  cither  a  monobasic  or  a 
dibasic  acid,  any  of  tbe  acid  salts  formed  by  amnsonia  with  the 
dibasic  acids  be  suliijccted  to  dehydration,  a  boily  is  producc^l 
belonging  to  the  class  of  amidir,  or  amidated  adds.  Balard  in 
diAtilliiig  binoxalutc  uf  uumiunia  thus  obtaiuod  au  azotiscd  acid, 
which  baa  been  termed  oxamic  acid  : — 

A<ii  <iitlai«<if  ■smoBla.  Oxunio  w(d, 

H.NO,HO,C.O,  =  H,0,+  HO,ii.N,cn 


'C^l' 


ThU  substance  may  scrre  a»  the  type  of  a  numerous  clow  of 
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oxacuic 


eomiionnd  acids,  formed  in  n  Mmilar  manner.     Tlie  unmcmia  k 
hydrogen,  and  the  portion  of  the  ncid  attacht-d  to  the  ammonia  of 
the  ortf^inftl  8aU  loees  osjgen,  whilst  that   poKion   of  acid  which 
Wftg  attached  to  water  ta  a  hate  rcmaias  uunltcrcd ;  bo  thnt  oxacuic 
acid  lua;  be  viewed  as  a  compouni)  of  unchanged  oxalic  acid_ 
of  oxamidc  :— 

OomlrMliL  OtKolil*.  OnBcMlA. 

2  (HaH,N,C.OJ  =  2  (H^NlCp^  +  i  HO,C^,. 

The  amidic  acids  may  a1»o  be  obtaitied  hy  acting  upon  the 
anh^'dridc  of  a  dibasic  acid  (1098)  nitb  drj  ammonia  in  excew: 
tlie  two  bodies  combine  together,  but  the  compound  which  is  pro. 
duccd  i»  found  011  cxami nation  to  nive  evidence  of  the  presence  of 
but  one  half  of  the  ammonia  in  the  form  of  an  ordinary  ammo- 
likcal  eolt;  the  second  half  having  unice4  with  the  elcincuts  of 
tho  acid  to  produce  u  new  compouud  ucid,  which  is  tbc  amidatcd 
acid  of  the  one  originally'  employed  (Laurent).  Thus,  1  raolccolc 
of  aahydrous  camphoric  ncid  when  acted  upon  by  i  of  ammonia, 
yields  1  of  hydrut<»l  camphoraiDic  acid ;  tlie  decomposition  bciug 
»iippoite<l  to  consiftt  in  the  conversion  of  one-liatf  of  the  molecule 
of  camphoric  acid  iuto  camphomuiidc,  wtiilc  an  atom  of  water 
is  given  od' and  enters  into  combination  with  tlic  other  half  of  the 
acid ;  thote  two  hodicM,  caniiihuraiiiide  and  hydrntcd  camplionc 
acid  thcii  unite  and  form  tbc  new  ncid  : — 


I  Mol.  oT  mnpIiinfB 


1  M.1I,  orii]'itnil«J 


t  Not.  «f  nrnploranMe. 

This  nmidic  acid  may  be  converted  into  camphoramate  of  amm' 
b;  caueing  it  to  unite  with  a  tecond  atom  of  ammonia. 

The  amidic  acida  may  therefore  be  viewed  as  monobasic 
pounds  derived  from  dibasic  acids,  in  which  one  half  of  tbc 
compoeing  the  on{>inal  diba«ic  acid,  is  displaced  by  one  half  of  the 
group  which  forms  the  amide  of  the  acid ;  the  combination  of  i 
molccidc  of  the  original  dibasic  acid  with  i  of  the  nmidc  funiisbiog 
i  molecules  of  the  monobasic  amidic  acid.  To  take  again  the 
caie  of  tlie  camphoric  acid : — 


Cunph  onutiiA*, 


TTfilntol  raHphonmic  mU. 


i 


VThcn  the  aqueous  solottous  of  the  amidic  acid*  arc  boiled, 
they  quickly  assimilate  the  elements  of  water,  and  become  recoD- 
verted  iuto  acid  talts  of  ammonia. 


lUIDIU. 


-  iv.---n  Rgards  the  amitlic  adds  as  bodicfl  formed  upon  the 

■.tell  luido  of  aiuuonium,  a  substance  too  unntalilc  to 

iiactf,   tint    acfiiiiriiig   permiiiietioe    nlion   tiro   atooia  of  its 

on  tuvc  hcea  dUploccd  by  the  radicle  of  a  dibasic  acid. 

may  compare  oxuuic  acid  witli  bjdrated  oxide  of  ammo- 


OnmirMid. 


H 


^]0.         ;         <CW}f.^0,(Sec.l»p.5t.) 


Btion  «f  nitrous  unA  (NO,)  upon  the  aoiidatcd  acids  is 
enodc:  mutnal  decomposition  occurs,  one  atom  of  each 
itnin^  into  the  reaction,  2  ntomx  of  uitrogcn  and  one  of 
liberated,  and  the  ori^iul  acid  from  which  the  umiduted 
end  was  dcrifcd  Is  rrprodnccd.  Aspartic  acid  (1 144.),  for 
ij  ttiuft  be  rcoonvertcf]  into  malic  acid:' — 

_  I.  IbUc  .fM. 

fmiilft. — Tiitermcdiatcs  betwecu  the  amides  and  the 

..:'j  i*  a  third  class  of  bodies,  the  imidea,  which  rantiiiu 

and  in  which,  if  we  are  consixtetit,  the  exiateneo  of  a 

imidot/en  UN  (or  ammonia  Inn  two  equivalents  of 

>),  most  be  aiwumed  to   oxist.      ThcMC  eoin|)otiiids  are  oot 

,  but  »everal  of  them  arc  well  known.     They  arc  obtnined 

of  dehydration  fruru  certain  acid  iuilts  of  ammonia, 

the  amidntod  acids  procura  ble  from  these  ^olts  ;  succinic, 

be,  and  pbllialic  acid*,  for  instance,  each  yield  amidic  com- 

The  relation  of  these  bodies  to  their  reapective  aciila 

IBceo  by  the  faUowiug  compahBoni — 

I  earaphoric  acid 2  ITO,  C^H„Op 

•phonU  «r  Bmmonia H0.1I,N0,C^.TT„0^ 

rwnif  acid  l^iuiilatcdiianipliorio  acid)       IIO.H,\,   (^^U.^O.. 

i« . US.  c;,H„o.. 

3  HO.            C„H,0^ 

bhti                -Tiniwiia HO.II.N0,C„H.O^ 

...iauu.-di>bthalii]aeid)  .    .  110. H.N,    C,,U.U^. 

Jbixto UN,    c,»n,o.. 

it  will  be  perceived,  that  tlie  imidcs  ore  bodies  formed 

imidic  arid*  by  depriving  these  compotiuds  of  two  equi- 

'  water,  just  as  the  amidic  acidit  are  themselves  obuitted 

acid  B(Ut8  of  aiDuouia  by  depriving  the  latter  of  two 

of  water : — 

■i~''  "f-—— — '■  Hjifnf/il  i«ii.pbmunix  Mid, 


,B.yati,a^(^^S,0,  +HO.H^.V^U„0^  ■.  and 
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tlfdntnl  oimpImrHCii  Mid . 


CanplnrUnM*. 


Tbe  theory  of  the  existence  of  amidogen  and  imidogeD  as  db- 
tinct  oi^naic  gruupti  or  ratlicle.-t  in  tlioci- d liferent  bodies,  does  not, 
upon  a  general  vk-w  of  tim  qiit-^tioii,  &ppi?ur  to  have  any  strong 
probability'.  It  vas,  indeed,  proposed  merely  as  a  tetuporary  cs- 
pcdiviit  fur  rcprcivutiiig  the  facts.  The  dillcrciit  grotipa  dcsigoatoJ 
as  niuidgs,  imidvs,  iind  uitrilcs,  miBt  rather  be  regarded  aa  retidaa, 
tbe  results  of  successive  sUiges  of  dehydra^on.  Tbe  tenuH  tlictu* 
aclvcc  may,  huwuvcr,  \ic  «onvcuicutly  rctaiuctl,  provided  that  their 
nse  be  not  takt^n  to  imply  an  adhesion  to  the  theory  iu  accMdaB»i 
with  which  these  names  were  framed. 

We  may  sum  up  the  foregoiug  fact*  in  the  following 
The  coaipouiids  which  corretpond  to  the  neutral  ammonia 
are>— 

1,  The  amides,  produced  by  the  corahinatioa  of  i  atom  of 
hydrate  of  a  moiiohu-iic  acid  with    i    ntnm  of  ammonia,  and  ths_ 
elimination  of  natcr  iu  the  proportion  of  H,0,. 

a.  7hc  tliamides,  produced  by  the  combination  of  i  mole 
of  the  liydmU.-d  dibjuic  acid  with  2  mutvuuk-s  of  onitDOtiia,  ait 
by  tlic  separation  of  3  ll^O,. 

3.  The  n'Urilt^,  produced  by  a  combiuatiou  of  i  molccul^ 
hydratod  monobiLsic   acid   and   1  of  ammouia,   oiiaua   2  HjO^i  fl 
from  I  molecule  of  the  hydrate  of  a  dibasic  acid  uid  3  molecules 
of  ammonia,  iuiuu»  4  II^O]. 

Tbo  coniix)uuds  xliich  correspond  to  the  acid  ammouia  sale 

4.  Amidic  acidg,  formed  frotn  i  molecule  of  the  bydrate 
dibaftic  acid  and  i  of  ammoniaj  minus  II|,0^. 

^.  Iiiiidei,  formed  from  1  molecule  of  a  bydratcd  dibasic  acid 
and  one  of  ammonia,  with  elimiuution  of  1 11^0,. 

(ri68)   Ilydramidrs. — Besides  the  Tarleties  of  amides  air 
mentioned],  a.  particiilitr  class  of  coin|>ouiu1s  is  formed  by  tlie  actT 
of  ammonia  upon  ccrtaiu  volatile  oils  irbich  apjiear  to  bdong 
the  group  of  aldchyds.     Thc»c  bodies,  termed  hydramiJeJ, 
furnished  by  the  union  of  3  motcculcs  of  the  volatile  oil  andi 
molecutea  of  amnionia,  while  ivater  is  separated  in  the  proportia 
of  3  lljOy     Compounds  of  this  kind  are  fonncd  vith  the  esMDt 
oils  of  bitter  almonds,  of  spirica,  of  cinuamou,  of  cummiu,  aod  1 
anise,  as  for  example  : — 


Hj^ridfl  ofljamfljL 


llfdrDbHJBAiuidA. 


3(C,.H,0,.H)+3H,3r  =  C«H„N,+^H.O,. 


TIICOBV    OP    TRB    jlUlOES. 

^M        Solpburclted  b^rdrogca  iu  acting  upou  the  lijrdraraidea,  conrerti 

Vthen  into  Indies  analogous  to  tiie  essences  from  uhicti  tticy  were 

W  ongUiiUly  oblBiaed,  but  the  new  e3»euces  contaiu  as  many  cquiva> 

lents  of  Bolphur  as  they  previoasljr  possessed  of  oxygen  ;  tSios,  thio- 

beaiol   is  obtaine-'I    from  beiizhydramidej  aud   tbiosalicol    from 

nlbydramidc : — 

ByAihn  iiitiMb.  TU«b«a>nl. 

C^lQi,     4-3H,S,  =  jH,:f+3(C;;H;87~^»  J 

a^hfiiBBido,  TluanU«a).  M 

(1169)  T%tortj  of  the  Amiitea. — ^The  amides,  erer  since  their 
dist-OYfrj-,  have  offered  interc^tiug  »ubjecti«  of  invcstigaliuu  and 
sppculatiun  to  the  chemiist.  Ther  arc  §ub»tancc8  which,  althougl) 
Amred  from  ammonU,  generally  exhibit  no  basic  power,  aud  yet 
ia  certain  CK>*ii  they  can  be  converted  into  compoutKis  which 
ponew  all  the  properties  of  powerful  ulkalies.  Although  thiii  sub- 
ject is  ftomowhat  nlMtriixe,  ve  shall  enter  into  it  in  »on)c  detail, 
in  order  to  furnish  some  idea  of  the  Dumber  and  variety  of  the 
pcodncta  which  may  be  obtained  by  the  methods  of  »»lj6titiitioil 
from  a  body  appnrrntly  *0  simple  a^  ammonia,  a»  well  iw  to  ex- 
emplify the  great  rariiiy  of  mcthodn  iu  vbicli  it  is  poHuhle  and 
even  necewary  to  pur«>iie  rc^earcbet  of  tbis  description. 

The  reMttrchcs  of  Gcrhardt  and  Chiozxa  {^Ann,  de  CAmi>,  III. 

llri,  129)  bare  shown  that  the  amides  bear  the  same  rtilatiun  to 

Ihcir  rrepective  acids  that  the  volatile  alkalies,  mctbylia,  ethylia, 

kc,  Ao  to  the  alcohols  from  whieh  tliey  are  foniieil.      The  nraidcs, 

■ben  treated  with  nitrous  ueid,  yield  uitr(Kf)?ii  and  the  aciii  fmin 

.vhicb  the  atuide  was  obtained ;  and,  under  similar  treatment,  the 

l*uUtilo  alkalies  of  tlic  alouhola  yield    uititif^n   and   their  corce- 

nimiidin^   nleolin].       Uimmi   this    view,    thcrtfortj  the  ainidoH  arc 

omipouuda  derived  by  Hubfltitution  from  ammonia,  upon  which  as 

|a  type  they  arc  founded  ]   the  ordinary  amide*  of  the  monolMsic 

aeidii,   Hitch  aai  henzamide,  being  ammonia   in   which   the  ba<iic 

diaracter  ia  ncutraUsetl  by  the  substitution  of  an  elcetro-ncgati vc 

radicle  (»ucb  as  bcnxoyl]  for  one  of  its  atoiha  of  hydrogen  :  thu^, 

,    ,   .       ,,  L.     bciizainide  would  be       '*,/    ^  ..  , 

amcnoniabetng^  H-N,     ...  « n  mi  «,  "      '^ '•     *"" 

8  e  K 
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starting  from  tliis  iilca,  Oerliardt  via  led  to  effect  itpoD  tlie 
amidrs  s  scrips  of  8ub<^titutiofi«  similar  to  tho«e  performed  bv 
Huftnonn  with  ctliylia  and  itH  homolo^cs  (i  iRi;).  In  thU  nuui- 
ncr  lie  was  euiibled  b^  double  deooin[KMitioa  to  obtain  amides, 
in  vbicb  one  atom,  or  two  atoinB  of  bydro^cn  were  dieplnccd  lir 
certun  clcctro-ncgativc  bodies ;  tbcsc  clcctro-ncgatiTc  bodies  being 
componnds  vrbiob  vh<^u  aiibatititU'd  for  either  one  half  or  bolli 
halves  of  the  hydro;;eii  in  the  double  atom  of  water,  rumieh  in 
MIC  case,  the  hydrated  afid?,  in  the  other,  the  anhydrides  fi09!i] : 
benzoyl  (C^HjO,),  for  iimtiiiice,  when  thua  siibaututed  for  hy- 
drogen, yields  either  benzoic  acid  or  bcnxoic  anhydride: — 

VaUr.  Itrnnir  add.  BEiitnii:  uihfilridB. 


o. 


M 


The  subject  has  hnm  rapidly  cxtcndwl  in  the  hands  of  olber 
ebemiatH,  and  au  ndmira))1e  •lummarj  of  the  irhole   is  given  b' 
HofmKnn  (Q.J.  Chem.  Soe.  sii.  62]. 

It  has  been  already  explained,  that  the  vanous  compou: 
formed  upon  a  eertain  tyjie  may  possess  properties  in  whioli  tliey 
gradually  difler  from  those  that  precede  and  from  those  that  follow 
them  in  the  HerieN ;  these  dilTerencca  depending  upon  the  nature 
and  number  of  equivalent*  of  the  elements  or  compounds  whieb 
arc  introduced  by  proccesea  of  aubslitulion  into  the  prototype  «f 
the  series  (ySt).  It  becomes,  therefore,  qnitn  possible  to  obtain 
compounds  formed  upon  the  type  or  plan  of  an  eniinvntly  basic 
substaueo  like  ammonia,  which,  nevertheless,  may  pos&eitit  neutral 
or  even  well-marked  acid  characters.  In  this  manner  various 
cUifi«es  of  umidcH  have  been  formed  by  Hitbslitutton,  which  may  be 
distinguished  thus: — 

A,  Monamides.  B.  Diamidet.  C.  Triamidet,  fonocd  re- 
spectively from  one,  from  two,  or  from  three  atoms  of  ammoaia. 
Bach  class  admits  of  several  aubdi  via  ions. 

[1170)    A.    Monemules. — These  are  amide*  derived   from 
single  atom  of  ammonia.     Tliey  may  be  subdivided  into  3  gniD 
according  to  the  number  of  atoms  of  hydrogen  iu  the  aronioi 
which  have  been  displiLccd  by  the  electro- negative  groap.     Foi 
stance,  wc  havi 

>.SiMndu7 

monUBidiH. 


where  A,  B,  and  C  represent  the  electro- negative  groups  by  wbidi 
the  hydrogca  is  displaced. 


I 


FKIMAHY    MOXAMI0E8, 


-119 


ie  priiBBry  m\A  secondary  raonamidefl  a«  cr^'ftt^Ilinc  fiiitiMc 

"hoAKM,  for  the  most  part  voIntUe  without  decomposition  at  lii;;!! 
^cm[)cnitarc8.     The  tertiary  mouumidca  ure  in  m»iiv  cases  liquid 
^■t  ordinary  tt^mpcraturc^,  Wt  tlicv  may  be  volatili/.M  uiialtcrct). 
H      o.   Pfiminy      Honamiiirji. — TiieJ*e     amides,     like    acctamidc, 

(C,HjOjN}e=     H  N,    represent    a   molecule  of   luiiitioiiira,    in 

which  a  single  atom    of  hydro^jcii  is  displaced  by  an  cquiralcnL 

oigaiiic  radicle,* 
K      The     primary    nionami(1«s    may     be    prepared    by    varioii* 
^Bicthods : — 

H       t.  Thvy  may   be  obtAincd  by  the  aimple  diftttllation    of  the 
^■mmoniacal  saita,  in  tlic  nimincr  practised  by  Dumas  fur  procuring 
Hsatnide  Irom  oxalate  of  ammouia. 
^g     3.  A  better  process  coimiata  in  sabmitting  to  distillation  a 

mixture  of  the  jioCaah  salt  with  Iiydrocbloratc  of  amnionis: — 

3.  Lichig,  in  the  preparation  of  the  aiDidet,  tiikcs  sdvuiitngc  of 
llic  reaction  which  occurs  when  the  compound  ethers  are  nitxed 
*ith  atnmunin,  which  may  he  employed  in  the  form  cither  of  nn 
acjueouH  or  of  uu  alcuhulic  solutiuu.  The  result  of  this  dcconipu- 
Niion  is  the  formation  of  &u  alcohol,  and  of  the  amide  of  the  acid 
coulsined  to  the  ether ;  for  cxnmple  : — 

Butjrin  *Ut>r.  ButmniiiJa.  Almhol. 

method   is   far   superior  to  the  first;  it  is  of  more  general 

tion,  and  the  rcRulta  which  it  yields  are  perfectly  dchnitc, 

produced    by    a   specitic  mode  of  double    decomposition. 

iiDctimcfl   the  reaction   docs   not   occur   immcdintclf ;  it  may  in 

'mcfa  ciMCs  1)6  facilitated  hy  inclosing  th('  ammonia  iind  etlier  in  a 

•taled  tube,  and  exposing  the  mixture  for  mme  hours  to  a  tempe- 


*  Ifamoaobwic  uii  b«  defined  to  he  an  tend  r^presentiog  a  doubli< 
■ulMide  of  water  u  |  O,,  In  which  t  atom  of  liydrogen  ii  displaced  by  an 

C  H  f )  ) 
tlwlro-nrgstivo  radicle  (aeetio  acid  being    *q'  '  S  Oj]>  the  prim&rj  amide  is 

0^  flinide  dmvpd  ffoin  the  normal  ammeaia  aalt  of  auuh  an  acid  by  the 
MMUaebMi  of  a  atoms  of  water. 

E  k2 
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ratiire  of  rrom  2ia°  to  160''.  In  lhi»  manner  benumiile  » 
obiamctl  spccdilr,  although  it  reqaires  manj*  weeks  sttbc  orditurr 
temfiernture  to  effect  the  decomposition. 

4.  QL-rliunlt  tknd  Cliioiusa  (jrcpuru  many  of  (he  amidca  irith 
facility,  by  treating  the  solid  scsquicarbonate  of  aromoma  witb  llic 
(rtychliirirfes  (1094)  wliteh  rorrespoiul  to  tiic  ojihydrides  (ro961  nf 
those  iiciiis  of  w)iich  the  luiiidut  an;  n-(iuin;(l.  This  process  i* 
very  advantageous  when  applied  to  the  preparatioa  of  amides  whicb 
are  iiianliilile  or  Hpnriiigty  aohible  in  water,  such  as  brasaniide  and 
ru  mi  1 13  milk- :  uU  tliut  is  raiiiired  in  Ibt-  performance  of  the  open* 
tton  is  to  triturate  the  carbonate  of  ammooia  in  a  mortar  witb  the 
oxyclilorido ;  after  which  the  niiiide  i»  formed  by  gently  marmins 
the  mass;  caHwnie  acid  escapL-s  with  uftcnescencc,  and  the  sil- 
ammoniac  and  excess  of  carbonate  of  arnoioaia  are  removed  by 
washing  with  vruter.  Cuminaiuidej  for  iustanoe,  is  formed  by 
follonitig  reliction:^ 

Gaseous  ammonia  may  be  advanUi<^U3ly  substituted  in  maii^ 
oa-^es  for  the  carbonate ;  for  example  : — 


oCwnitjl. 


H[s+H.N+C,.H,0..a=      H 
H  J  II 


AniauiM*. 


N+H^.Ha. 


j;,  In  a  simitar  manner  ttic  anhydrides  of  the  monobasic  an 
■re  eunvc-rlud  iiiLu  »iotiftiiiides  and  a  neutral  bait  of  the  acid,  by  th 
^iun  of  auimouia: — 

■iilijilrulr.  CJDMIiiid*.  rfai^MJt. 

The  monamiilcs  of  aeetic,  propionic,  butyric,  vnleVic,  and 
few  other  acids  are  freely  soluble  in  water,  aud  have  a  sweet 
hut  the  amides,  as  a  clas9,  are  only  tpahngly  soluble.  Tliuse 
which  are  aoluble  in  water  are  also  generally  dieeolrcd  by  alcohol 
and  ctht.T.  By  long  boiltn)$  with  water  moat  of  tliem  becumc  di«- 
wlved,  and  couvertcd  into  ordinary  salts  of  ammonia,  by  the 
a-aumption  of  the  elements  of  water.  Thia  change  is  {jreally 
accelerated  b;  the  addition  of  ereu  u  minute  quantity  of  tuijr 
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Hfen ;  if  [lotaah  or  ftodii  be  ihe  ha^c  employed,  salts  of  llit^-><;  iiikalies 
ant  foraietl,  whiltt  aiumoiiia  ia  lilxrratcd :  tliis  change  occura  very 
aIowI;  at  onlinar)*  tctupcntlurcv,  but  it  takes  fliux  rapUUy  at  the 
^^iling  point, 

H     /3.  Secondary  MoHamidet. — In  tlic»c  the  diK|jlaccmctit  of  liydru- 
'   gea   iu  the  molecule  of  ututuouia  cxtciuU  to  two  atom».     This 
claas  may  be  tubdividwl  Into  two  j^roiiji!*,  according  (o  the  mode  in 
which  lite  subetitutiou  of  hydrogen  takes  i)lncc  ;  tbus  we  have 
(a,)  Substitution  of  two  ittumn  of  a  nioiiatumic  acid  radicle 
Jjelongiiig  either  to  the  same  acid  or  to  two  difFeretit  aindsj 
H      (6.)  Substitution  of  a  monatumic  acid  radicle,  and  of  a  mona- 
Homic  ntcohol  radicle  (sn-oitilnrr  mixird  roonamidcii) . 
^^^^,  Ah  an  example  of  two  different  monacid  radicletij  ne  may 


Jc, 


-e  cnmylBalicylamidc*  (C,jH,.OcN),  or  J  Cs„n,iO,  VN ;  whiUt  di- 

l     H      ■) 

c.HA 

■criamide  C^lIjNOj  ^  C,H,0,  N,  offer*  an  instance  of  dinptace- 

H 

iDeut  of  two  atoms  of  hydrogen  by  two  of  the  same  nioiiAcid  radicle. 

I.  This  MubdiviBtoaufthe^iecoiidaryiDonamide^  may  he  prepared 

^  heating  the  primary  muaamidcs  to  a  certain  tcraiicraturc  with  an 

equivalent  ijuantity  of  llie  elc^^tro-uRgative  oxyehloride:  hydrochlnric 

ocapcs  iu  abuudniio^,  and  the  wcoudary  monamiJe  is  found 

the  reoidae.     Care  must  be  taken  to  prevent  the  tcmpcraturi: 

rising  too  lii){li,  otlierwise  iiitrileii  are  apt  to  be  formed.     If 

products  of  the  ri-actiou  us»>uinc  a  virtcouH  form,  thoy  inuHt  not 

dttecdred  whilst  in  thiH  state,  hut  must  be  allowed  to  become 

their  itolid if! cation  may  of^en  be  effected  by  the  additiou  of 

fev  drops  of  ether.     The  formutiou  of  eumyl^licyluinidc  by 

ittDg  chloride  of  cumyl  with  nalicylamide,  offers  an  instance  of 

furmation  of  a  aeeotidary  monmnidc  iti  this  tnanner  : — 


u 


ChluriJ* 


N+o.n.Aj=?;:|8;|K,J,<J 


*  TIm  inliftmioaioui  uid  uowii>lJy  uaines  employcil  to  detiKnate  tbenc 
(Omptiot^d  *iih«titutioEi-nroi,{uctii  are  njit  l.o  difiroiirii^^' the*  learner  j  lint  in 
iIh  prcKiit  itKtv  i>r  oliemcAl  uixui'iicluliire  tliiry  arc  aluiuat  neceuarj.  Tor  Ibv 
larpOM  of  pointing  out  the  pBrrQUgi>  uod  rirlaliontiiip  of  Uir  boditw  which 
i&«]r  repHM-at:  tioee  the  pompouoda  tlieniaelv^s  linie  tittle  or  no  intrinaii; 
inlMNwl.  the  fluiqaa  indioBled  beinj;.  in  moit  ciuM,  the  really  important 
Brraautaaoe*. 


1.  Sometimes  ncn  amidr^  may  be  obtained  ))j  hcatiDg  tog 
two   primary 

then  disengngcd,  aud  &  gccutidnry  amide   is    formed, 
lunjile : — 

llmtaft 


OMMn/Um,  adli'yUinidv.      ■■lIDriBInl>)^- 


H        If+     tf     Jn  =  C  110  Jn+H    M. 
H      J  H      J  'h'     J        hJ 

3.  In  other  casca  they  niaf  be  obtained  by  the  action  of  hydro- 
cliloric  acid  upon  3  cquividenls  of  a  [noiitmide  ;  for  example : — ^| 

AnrUmiilH.  DiUtUmiil*.         Hfdnriiliir. 

*  ^ —       ^'-^  iniTniWl>i 

(    H       JN)+BC]=C,H,U,jN+H^.Ha. 

The  members  of  tlic  dnt  subdivision  of  the  wcondary  monamiile* 
pwwess  the  acid  character  more  strongly  than  tlic  pritniiry  mou- 
amidos;  and  they  frequently  tbrm  metallic  salts — those  nbich  coo- 
tain  nilver  liein^  the  siilu  must  readily  [irocurcd.  Thu»  tMznto- 
HiilphophtiiylaDLtdej  when  dissolved  in  iwiliug  water  by  the  aid 
of  a  few  drops  of  ammouia,  and  mixed  with  s  boiling  solution  of 
nitrate  of  silver,  yields  a  compound  in  which  silver  takea  the  place 
of  hydrogen  in  the  original  amide,  the  oew  silver  enttcry&taUixii)| 
out  ill  groups  of  colourlcaa  needles: — 

The  prolonged  action  of  the  acids  and  alkalicv,  cvpccially  if 
aided  by  heat,  expcU  the  iiiirogcn  of  these  Hecundary  moaamides,  io 
the  form  of  ammonia,  and  liberates  the  acids  corre»pondiug  to 
elcctro>ne§alivo  radicles  present  in  tlie  compound. 

A.  The  second  anhdiviMon  of  the  secondary  monamides.iowhid 
unc  atom  of  tiydrogeii  is  displaced  by  a  iiioiiacid  radicle,  and 
second  atom  of  hydrogen  by  ao  equivalent  nleoliol  radicle,  coat 
a  large   iiuiiiber  of  coni|iounds   which  are  rcpreaented   by  etb^ 

acctamidc,  C^IlgXOj=C,lIj       I^.     Compounds  of  this  clu» 
H 

be  formal  by  submitting  the  primary  monammonias  to  thete«'«nt 
procci^»cs  nliich  when  applied  tu  ammonia  fuiitish  the  alcohol  htxt 
tliUy),  as  well  aa  by  the  fullowing  methods: — 
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I>utiUatu)u  of  the  SaUa  of  the  Organic  Acidt  with  those  qf  the 
AteoAol  Boats. 


Phtafl- 


V  j  N,nci+  c*HA  j  0,= c"Hto.|  N+KCl+5  j  o,. 

2.  Treatment  of  the  Alcohol  Bases  tvUh  compound  Etho'S. 

H«Ui}«*.  AMttc  tQiet.        lIu1iirl-*H<Uaudc<.        AlcvboL 

3.  Action  of  the  Anliydrides  on  the  Alcohol  Bases. 


PWajrllfc         Battle  uhf  Jn'^a. 


VbnfU 


("1i'')^aS;i°=='4''-l*'^<c:.H:&;''- 


4.  Action  of  Oieychhrides  on  the  Alcohol  Bases. 

UjdnwblanCa 


,C„HJ  C„U,     )        C„H.) 

j(    a  jN)+(C„n,o«)ci  =  c,.ii,o. JN+-    n  jN.ncL 

The  prDlotignl  action  of  acids  and  of  alkalicfl  upon  this  clau 
[•Blixed  moiiaraitk-ii  gives  riee  to  the  rc^rodtictiou  of  tlie  aoid 
tbc  blue  from  which  the;  vcrc  derived. 
y.  Tertiary  Monamidcs. — In  these  bodies  the  ^  utoins  of  lijr- 
dra^n  iti  iimnioiiia  arc  displticed  hy  a  carn^ajioiiilitig  ti umber  of 
ndicla,  cue  of  nhicb  at  Ica&t  must  be  of  an  elcctro-ut^atire 
character.  This  cinsa  may  be  stibdiridcd  into  several  groups  '^ 
which  the  ruUuirin^  snhe>tilutions  occur  ; — 

(a.)  Subatitutiou  of  each  atom  of  hj'drogcn  by  one  of  a  monacid 
radicle; 

i6.)  SulntitutioQ  of  2  atotiui  of  hydrogen  by  ucid  radicles,  and 
I '  ;lic  third  atom  of  hydrogen  by  1  atom  of  an  alcohol  radicle. 

Ifofmann  rcfprds  the  iiitrile«  a«  belonging  to  the  group  of 
loiian*  luouunidcs  iu  which  the  3  atomi)  uf  hydrogen  in  the 
tyjiical  niokcuic  of  ammonia  hare  been  displaced  by  a  Irtbasic 
iciil  radicle,  and  tliiis  he  represents  the  follovLiig  compounds : — 

Porroio-nitrile  or  pmssic  acid     .     C.  H  N=(Cj  H  )"'N 

■Acetonitrile C^  HaN=(C,  ]I,r"N 

BeDMoitrile C„H(N=(C„jg"'Nj 

but  tbie  nioOc  of  regarding  the  uitrilra  require*  cxperimeutal  con- 
firioalion. 


TERTrABV    MOKAMIOeS. 
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a.  Tertiary  monsTuides containing  i  cquivalrntof  nii  ncid 
sod  3  cquivolciibi  of  nil  iilcoliol  riulk'lc  could  ttuubtlc^n  lie  ubiair 
by  the  nction  o{  tlie  hfdriodie  cthors  in  excess  upon  tbo  prinnry 
monaniuionias,  or  by  the  action  of  the  cIcctro-Lcgaiive  oxjcliloridcs 
upon  tbc  ■CM;otiJury  munaniRiuniitrt. 

The  metnbera  of  tKc  first  subdinsion  of  the  tertiary  monamidea 
are  readily  prepared  from  the  silver  Heltiiof  the  secondary  mooauiidfs; 
fur  tlicy  arc  nttuckcd  by  the  ncgntivc  osyohloridn  cvon  vitliouttlie 
aid  of  lieat,  double  decotupositloa  occurring,  whilst  chloride  of 
silver  is  formed,  and  au  organic  radicle  takes  the  place  of  tbe 
silver  in  the  amide.  Dcu3io»ulpliopbcuylargcutaiiiidc  in  tliuy,  br 
the  action  of  chloride  of  l)cuzoyl,  readily  converted  iuto  dibeoi^ 
suIphopheujlaiDide : — 


pbmjr  Iwgni  lam  id* 


DlbcfUMiilptio. 
pltRiilamiil*. 


Wliea  ttie  silver  »aU  of  sx  necoadary  inonnmide,  such  as  Uie 
one  referred  to  in  the  la>ft  equation,  ih  treated  witli  aramotua, 
it  is  commonly  dissolved  without  fixin)^  the  elemeuta  of  irater, 
but  it  cuiiihiiira  with  the  amnionia  aiid  forms  a  diamidc — that 
is  to  say,  an  amide  derived  from  two  tnoleculeB  of  anituoiiia  ;  for 
eXBTDplc  :— 


C„HjO, 


The  other  secondarr  and  tertiary  moimniidRs  vhrn  treated ' 
ammonia  have  tbe  jioncr  of  l^xin^  tlii;  (■U-ni<^iit.'>  )x>tli  of  ammc 
and  of  water  so  as  to  form    aniidalcd   aoids,  or  rather  salta 
ammonia  with  amtdntnl  acid.^.     Thn%  for  inniancc,  benzoAulplw^ 
[ilienylamidc  may  be  ti'iitu' formed   by  amnioiiia   into  bciuio^ulpho- 
phenylaraatc  of  ammonia : — 


,C„II..8,0.) 

(c.;h,o;  |n) 


+H,S  +  i  IJ,0,  =  (H,NO.C„HsN.g,Ou). 


6.  Tertiary  monamides  of  the  second  variety,  in  whiHi  1 
mdictcs  and    i    alcoliol  radicle  arc  present,  aru  rcinxAcutcd 

etiiyldiaoetamido  Ci,H„NO,=C,Hpj  N.     Tliey  are  ustiaHy 

taincd  by  noting  upon  tbc  appropriate  secondary  aionamide  by 
electro-negative  oxychloride : — 


DIAMIDKS. 


I£ft 


^^^^^^K  -T^' i»fl«u«Tl.  '  . 

^^^        C,.U,0,  jH+C„e,0,.CI  =  C„H,0,    N+HCl. 
^^  H       )  C,.H.0j 

Ethyldiocotamidi'  bats  bcun  ohtninei)  by  ncting  upon  emanate 
of  cthvl  with  acetic  anliydritle,  a  process  vfhich  Hofmaiin  coiisidere 
ta  admitting  of  gcrivnit  a{ipliciition,  mid  which  be  regards  as  the 
octiou  ofaaaubydride  upuD  a  tfirtinrv  moiuLmmDiiia: — 


Cjwwu  ur«lhjt.  Aoftfa 

(BibjIiwtKiDj'.iinltlr.)     aabjdrktr. 


KlhjI. 

iliouaCauiida. 


*§&.'"  I  '^  +  C'^i'fi]  \  O.  =  g:|o,  I N  +  CO,. 


^       Tbe  Action  of  the  allfalim  iipoii  thc»c  comjionnds  rGproducca  the 
monamiDODias,  and  the  Acidit  Irani  wbirb  the  amide  is  derived  ; — 
H        In  a  few  instaiicr»t   metallic    radii^te-t  oeciijiv  the  place  of  the 
^oi^aaic  radicles  ia  the  amides.     A  priuary  mon&midc  of  this  kind 


H 


N  +  H, 


it  ofataitiod  In  heatioj;  ()otaKsiuin  iti  ammonin,I1 

H 
and  a  similar  compound  of  lioc  it  obtained  by  treating  Kitic-clhyl 

.•iUiammonia.2(ll[N)  +  (^»    >)   =  2{H     N) -|- 3  {^*"5).  And 

rrtiarr  metallic  monamidL-s  an;  esemplified  in  tlic  cove  of  copper 
land  mercury, (Cu.j)',N,  tiicu[)ro»amide,Ug'jN,triiucrcuraniidc:  they 
larc  obtaiued  by  submittitijf  the  metallic  o\idc8  to  the  action  of 
I^ESiCQiui  ammonia  J  2  H,N  +  i5  CuO  =  (Cu3)'xN +3  H,0(+N. 

(1171)   B.  Dinmides. — These  compouiidn  ar«  derived  from  two 
I  Uoms  of  ammonia,  and,  like  tlic    mouaniidcs,  uiuy  be  »ub(liviiU-d 

tnto  three  principal  groups,  viz.: 


Ih  Tnnmry 


t.  aMOBdHIT 

A,  ) 


diimMg*. 


•oording  as  3,  4,  or  6  atoms  of  the  Iiydrogcu  of  the  typical 
Sn»p  haa  been  displaced  by  a  correiipnndiiig  niimtjer  of  atomtt  of 
t^  HibatitutioD  radicle.  The  luet  l»u  of  tltcse  priiicijtal  group* 
*f/ua  admit  of  various  siit>divmoii8. 

s.  The  primary  diamiikt  are  well  represented  by   oxaoiide 

C,U,N^O^=         HJN,;  and  to  this  class   belong  all  tho  dif> 

hJ 

'ftrcnt  TiricticB  of  nrca  (1414). 


Tlicsc  diamidrs  may  in  man)-  iosUiiecs  be  prepared  hj  ila 
the  Hunnal  amtnouium  salt,  hi  was  origin&tlj  pmctiKil  iu  tk 
of  osamide  itoelf.  A  belter  mcUiotl  ixitiskU  iu  dccoaipoui 
diljasit!  ctbcr  eitlicr  b^  an  nlcobolto  or  an  aqoeona  (did 
ammunia  in  excess,  for  ctaniplv: — 


BH«Wo*tWr. 


h! 


N,+ 


(?»H.OJ"jo^^<'^.|;0**'|j;,^,|-C.H. 


tC.Hj. 


The  primary  tUamides  may  also  be  obtained  by  tix 
uomouiu  on  the  anhydrides  of  tbc  dibuiu  odds,  far  ei 


Sir- 


H,+H,0,(j 


aud  it  is  probuble  that  tbc  actiou  of  anniaoiiia  on  tlie  oxj 
of  the  dibasic  acids  would   also  yield    tbc  corresponding 
as  in  the  formation  of  urea  (carbamide)  Croiu  amtnouia, 
geoc  gas  (chloride  of  carboayl) : — 

TT  \  l{*  O  V  'i  ^ 

Tbc   primary   dintniucs    arc    gcneriJIv  d(NX>mpo!N:d 
measure  when  submitted   to  dihtillation.     They  are  con*a 
digestion  with  acids  or  with  alkalies  into  ammouia  attd  tbr 
acids  from  which  tlicy  arc  dcrircd. 

ji.  Tht  stcondnrtf  diumiden  contain  tho  bodies 
aa  tinidca  (1167),  4  atoms  of  hydrogen  in  the   typii 
group  being  displaced   by  3   atoms  of  tbc  radicle 
acid. 

A  second  group  of  the  secondary  diamidex  rontaiiu 
the  radicle  of  a  dibasic  acid,  aud  2  atoms  of  a  mono' 
radicle,    or    Mme    conviijiuitdiiig    livdrocarbon  :    di 

(C.H.OJ 
amide  (C„Hi^jO^)  is  an  example  of  this  claw  (C,  Tl 

The  diamide«  of  this  Hubdiviaioti  arv  ulit&inni  fr 
by  procca»cB  ivhi<:li,  if  applied  to  atnuouia,  would 
diainidcB;  for  example: — 

I.  Dy  distillation  of  tho  nonnni  ults  whkh  iW : 
form  with  dibasic  nt-iiN  -. — 


tBUMll>Xa. 
Onlal*  of  [&ni)1ia. 


DlpheD}lnt«fiU«. 


(C,o)")  (c,o,r  ) 

11,  >if,+c,nA-ci=  c.u.oj  Jn,+hci. 
H.  I  n»     J 


2.  By  the  actiou  of  alcohol  biuieti  upon  iiortnal  dibasic  ctlicrs:— 

ElbjBa.  OulH  tlhtT.       imilijluiwDidf.  Ahobol- 

well  4fl  by  the  action  of  tlie  alcohol  bnacs  upou  the  auhydri^es 
ad  oxj-chloridca  of  Uie  dibisic  acid*. 

The  urciih-s  (1415)  bcloug  to  this  siihdivi»ioa  of  secondary 
diannide*.  They  arc  obtained  by  the  action  of  as  oxychloride 
of  a  nionohnsic    acid    U|M)n    one  of  the  varieties  of  urea;    fisr 

(ample  :— 
tJrM.         Cblorliltor  iMfl      AetturrbU. 
y.   The   trrliarif  diamidta  <-oiitnin  bodies  derived   froiu   three 
,  atoms  of  the  radicle  of  u  dilia-iic-  acid,    Huch    aa  tmucciuamide 

K  (cji.oj") 

^»t^u^t^u=t^*'*i^4)"f^i'    *•"'  '"   *'''*  S^oup  Hofmaim  pro- 

poses     to    iiKrhide    the    bydramides,    auch    as    hydrohcnzamidt: 

(CuH.)") 
C^H„Nj  =  (C,jn^"Ng;   but    tliia   aTippoaitioii    rcquirca  cxpcri- 

IC,.IIJ'  ' 
Dtcntal  support. 

(1173)  C.  Triamides. — These  compoundu  are  derived  from  3 
attNtu  of  amtuonia ;  but  they  have  not  been  citeasively  studied. 
Cttryltriaoiidc  or  citramidc  aSbrda  aii  example  of  a  primary  trU 
amide.  It  noay  l>e  obtitiued  by  tliu  action  uf  aniinunia  u[ion  citric 
ether: — 

As  au  instaooe  of  a  secondary  triamUk,  phcuylcitramidc  mny 
it  giTcn  ;  it  may  be  obtained  by  acting  upon  phcnylia  (aniline) 
•iih  citric  acid  : — 


Pbnrii*. 


Cllrls  kaiit, 


Phiui]rlntr*raiila. 


3  (''■f  }  H)  +<-"Sf  •  j  O.  =  lS;:|i5j"  j  S.+,  H.0, 


4S8 


COUroUNDS    AXALOOOrs    TO    AMIDES. 


Phoaphoridet,  Arsidts,  Stibidet. 

There  tscTery  rcmwH  to  atilicipale  the  formittion  nf  a  ctttM 
comjiouads  coirespoiuliug  tu  the  Hiuides,  in  uhJch   phmphor 
arscuic^  or  antimoit}'  occupies  the  place  of  the  nitrogen  of  tl 
aniidcM.       IriclRCcI  a  primary  monophosphoritU,  currea|x>ndiiig  to  : 
priniarj  motiauiidf-,  inuy  b«  obtained   hj  acting  upon   phospbv 
I'cttcd  hydrogen  with  cliloridc  of  trichloracctyl . — 


Chl'fl'liirt  of 


Trtchln«crtj| 


UjP+C.Cl,0,.Cl=     H       ^P+HCii 


H)  H 

and  a  tertiary  tnonophosphoride,  corrcspondiitf;  to  a  ti-rliury 
amide,  has  been  ohtninvd  hy  acting  u|)on  |)Lot)phurctted  hj'dr 
■with  chloride  of  benxoyl : — 


Chloridaof 


T"lnifiiii>- 


The  organic  radiclcn  in  these  compounda  often  have  the 
pUcc  Mipplicd    hy-tlic  in«taU.     Tlicr  ore  generally  fomicd  by 
actiou  of  phosphuretted,  arsouiurcttcd,  or  aiitimoiiiu retted  hydt 
upon  MiUitiouft  of  the  metallic  Halls.      Thus  tTicuprophoHphid 
CujP,   is  ohtaincd    from    nitntte   of    eopjier  and    pho>jphurett 
hjdrogpo;  H3P  +  3(CaO,NO(,)  =  CHgP  +  3(UO,NO.):  Iricuprar 
from  chloride  of  copper  and  arseniurcttcd  hydrogen ;  H,A*  +3  Co 
=CujA8  +  3  IlCl :     and   trinrgvntostibidc  from  nitrate  of  silvt 
and    niitiuioii  in  retted  hydrogen;    l{jSb  +  3  (AgO,XOf}  =  Ag,Sb- 
3(liO,NOJ. 

For  a  masterly  discuuion  of  tlic  subject  of  amides  and  coi 
|ioiiiid    ba^es   the.  reader   W    referred    to     Ilofinami'ii    paper 
Ammonia  and  its  Derivalives  (Q.  J.  Chem.  Soc.  xi.  352). 

The  description  of  a  few  of  tlic  more  interesting  compour 
belonging  to  the  different  classes  of  nmidcB  wdl   auflieic  to  give 
idea  of  the  general  properties  of  tltCKC  Buhii.te]]CC8. 


(a)  Monamif/fs,  or  Amidea  of  the  Monobasic  Aeid$, 

(1173)  Acftamide  [^*"»'^«].V=C\HjNOj].— This  compound 

is  ohtaiued  in  abundance  by  exposing  acetic  ether  nith  nn  equal 
volume  of  aqucoun  solution  of  ammonia,  under  prcMure,  fur  aix 
hours  to  a  temperature  of  250**  or  260°,  tlieu  distilling  the  residue 


AtBTAMIDZ COMPOUND    AUlt>K«, 


420 


ind  collecting;  the  distillate  after  the  boiling  point  lua  riaen  lu 
430^.  Acctamide  forms  a  white  wlict  irhich  fuses  at  172°  unci 
boil»  at  430^.  It  crj-slalliKCfl  in  pearly  leaflets  alter  fusian. 
Acctamide  is  soluMe  in  water  aatl  has  a  cooling  >iwc(;tixK  lik»tc. 
When  distilled  nitli  phoxphoric  acid  it  \use»  two  equivalciiti  of 
water,  *rn\  liccontcs  converted  into  acctoDitrilc  If  the  acetic 
ether  be  deeucnposed  by  admixture  with  etliylia  and  exiWKurv  to 
heat  iu  sealed    fjbcs,  it  foiiuti  &  carit'KpundtuK  coiupuuuil,  etiffU 


N. 


Metatauie  or  actlo-ethjUde  CJl,XO,=CJ{j 

H        I 

£Ms/-(/*o«-/«»«>fc,CijHi,'NO^=^*^'^''^»'|N,    is    a    limpid, 

colouften,  neutral  liq^uid,  which  boils  at  377".  It  is  obtained  by 
heating  cyanic  ctlicr  with  acetic  nnhydridc  to  about  391**,  ia  a 
ualed  tube.  Cnrbonic  acid  escapes  ou  oiiening  thu  tube  whcii 
oold:— 

CyauU  of  Sibyl.     Aortic  uilijrilriils.  Blhj'tJitDgtvuiit*. 


p  fl  O  ■>  * 

Trichhracttamide,  C.HjCI,NO,=    ' jj*    'jN.is  the  oompoum! 


i procured  by  drconi posing  trichloracetic  ether  with  ammonia ;  but 
it  is  also  obUiiuud  by  iieting  upon  several  other  pcrchtoriuatcU 
Itliylic  ethers,  such  as  tbe  pcrc^hloriuated  formic,  carbonic,  oxalie, 
lad  xiK^L'itiic  ethers :  percliloraldehyd  likewise  yielda  it  when 
treated,  with  ammonia.  It  is  a  vryBtolUzablc  compound  with  a 
•wcet  twte;  it  melta  at  Z7j°,  and  is  very  soluble  in  alcohol  and 
in  ether. 

(1 1 74)  Propioaamide  (CbH^NOj),  BtUyramidc  (C^HgNOj),  and 
Valeramide  (C,gKj,NO,}  may  all  be  obtained  by  the  action  of 
ammonia,  aided  by  beat,  upon  their  respective  ethers.  Tliey 
are  fiuibb,  volatile  com|Kmnila,  vbich  may  bu  sublimed  without^ 
dccompotitlon ;  they  are  soluble  io  water,  alcohol,  and  ether^r 
^Vhen  <ii«lilled  with  pUosphorie  anhydride,  they  yield  the  nitrilea' 
of  tbe    acid,    or    the    bydrncyantc  ether  uf  tlie   alcohol    below 

tiicm  : — 

myknioU*.  rnpiuidtrlie.        Oroolite  of  ttbjL 

C,  H.'nO.-HA  =  C,  11^  (or  ciiJ^CjN); 

Bstjnnadr.  BuljniniirUr.        C}'«aUporiril;L 


C.  H,  NO,-  Up,  =  C.  H,N  (or  C.H;.C,N) ; 

Tabvwnidt.  Tat'tvnilrtl*.        0)W44(  «rtrlirL 


BeN'UMtUE— DEKEONITHUE. 

(1175)  Benzamide  (C,^U-NO^  U  a  white  soliti,  fuaUe  at 
239°,  whicb  tnaj  be  fttihlimed  without  ttndoi^ing  dmnmpoutkiii. 
It  it)  &i>anugly  soluble  in  cuhl  wutcr;  Iioiliug  water  dissolves  it 
easily,  «ud  dcj^toaits  it,  on  couling,  iti  acicular  crj-staU.  It  i«  ttill 
more  readily  dix-^olvcil  hy  nlcohol  ftnci  hy  oilicr,  from  wbicb  it 
m-8talh«cs  ill  right  rbomlioidal  prisms.  When  boiled  with  free 
acid  or  »lk»li,  it  is  quickly  converted  into  beiiEoatc  of  ammoma. 
Benzamidi:  is  most  eandyobuined  hy  the  nctiou  of  dry  arnnooiiiacal 
gas  upon  cliloride  of  bciwuyl ;  iu  vihich  case  it  is  accompanied  by 
the  formatioa  of  bcunoui  trite.  It  may  alsg  be  procured  by 
heating  an  olcoholic  solution  of  nmrnonin  with  Iicnsoic  ether  for 
»ome  hours  in  a  sealed  tube.  Wht-n  Ixtiled  with  red  oxide  of 
nicrcurr,  water  is  separated,  and  hydrargo-benzamide  is  obtained  ; 
3  C^HjNO,  +  Ug,0,  =  3  C,,H,HgNO,  +  HjO,.        Hydnir^ 

bciiuuniile  may  bo  viewed  as       Hg     rN,  or  bensamidc  in  wbiok 

H       ) 
the  eecoud  typic^al  atom  of  hydrogen  has  been  displaced  by  mer- 
cury.    BcriKaiuidc,  when  heated   nitb  potassium,  \me&  oxyges; 
hydrogen  !»  eliminated  and  bcnzonitrile  is  furmcd  :— ^ 

3  Ci.lLNO,  +  K,=  2  C.^HjN  +  H,  +  a  (KO.HO). 


(ft)  NUrikti. 

(1176)  Benaomlrile  {Cj^M^y):  8/}.  gr.  of  liquid  i"oo7  ; 
vapour  370. — This  sid»Bt«tice  i»  a  colourless  oil,  witJi  n  powe 
odnur  of  hitler  almonds.  It  is  spariugly  eoluble  iu  water,  but^ 
nii^eible  with  alcohol  and  ether  in  all  proportions.  It  boils 
376°,  and  emits  en  iuflnnimable  vapour,  which  burns  with  ■ 
smoky  flame.  It  may  he  obtained  by  the  dry  distillatioD  of 
benn>ate  of  ammonia,  or  of  heuxamide ;  and  iitill  more  reailily  by 
mixing  cither  of  these  bodies  with  pliosphoric  anhydride  id 
exccM  btrfurc  proceeding  to  the  diittillation  ;  the  distillate  when 
washed  with  hydi-ochloric  acid,  and  re-dialilletl,  is  pure  Iwiizunitrile. 
Bcw«amidc  iil*o  yields  bcuzooitrilc  when  treated  with  chlotid*, 
of  b«nzoyl : — 

anwnlri*.  "bl^™!"*       lIm.(«.IWUi).       Vnaoic  tali. 

Bciuonitrile,  when  boiled  with  alkalies,  or  with  conoentrated 

is  converted    into  bcnswic  acid  and  ammonia,  with  assimihitionj 

the  elements  of  water. 

C(i«cm7n/«(C,(H,jN;  Sp.gr.ofiiguidoj6^)  may  be  ohuitwdj 


DI.1MIDE8— OXAM1D8. 


(0  Diamide» — Amides  of  Dibasic  Acids. 


bj-  similar  methods  from  cuiuinate  of  ammonis,     It  bu  a  frugrant 
odour,  au(]  ViiU  «t  46»°. 

The  nitrilM  of  the  fatty  acids  arc  iJcBtical  witli  the  hydro- 
^nic  ctbcr»  of  the  skotiol  in  the  series  immediately'  bdow  that 
of  tlte  acid  from  which  thcjr  arc  obtaiiued  (looo). 

H  Tlie  dibasic  adds  f^ve  rise  to  the  forma.tion  of  dtamidei ; 
Bnt  is  to  say,  to  amide?  formed  from  2  eijinvalents  of  am- 
Hloni*.  We  xhull  cxuininu  thoisc  of  two  nciiis  only,  viz.,  the 
amides  of  oxalic  acid  mid  lli(j!ic  of  succinic  acid.  Tht>  latter 
alTord  an  iostructive  illuHtratiou  of  ttic  ]>rcp;iratioa  luid  pro- 
perties of  primary,  secondary,  nn<l  tertiary  diamidcs,  from  the 
uuc  acid. 

{c.oj"l 

(1177)   Oxamide,  {HjS)jC^O^=      H,       N„.]— This   interest- 

h;  I 

ing  compound  in  niot<t  rendily  obtaiiied  by  decomposing  oxalic 
ttlwr  by  an  aqueous  or  an  alcoholic  aololiou  of  ammoaia.  It 
n»y  abo  be  procured,  though  I04  ndvnittngcoii«]y,  by  distilUng 
ooalate  of  ammonia,  when  it  condt-nsc*  in  the  iit.'irk  of  the  retort 
and  in  the  receiver  iu  the  fortij  of  white  flocciili.  Osaraido 
is  a  light  tasteless    powder,  n-hich    J*    iusolublc    iit    cold  water, 

L  soluble    to  a  amaJ]  extent  in   boiling  water,  from  which  it 

deposited  on  cooling  in  cryntaJlitie  flalies.  The  soltition  is 
oratral,  iknd  gives  no  precipitate  witli  salts  of  lime.       It  U  io- 

aUc  in  alcohol.  It  may  he  sublimed  in  an  open  tui)e, 
;fa  iritli  difficulty.     When  its  vapour  i»  tratiamitted  through 

red-hot  tnbc,  jt  i*  decompose*],  accordiug  to  Lichig,  into 
rbonate  of  ammonia,  hydrocyanic  acid,  oxide  of  carbf>n,  and 


Dtamida. 


8>cub,  BmmmL 


2  [(H,N)^.0.]  =  H,N,C,0,+H.C^+C,0,+H.N,C.O.. 

liea  oxamide  is  beatcii  to  .436*,  «"  a  walod  tuln^  witli  water,  it 
9me»  transformed  into  oxalate  of  ammonia.  The  same  chaage 
effected  by  boiling  onamide  with  dilute  acids  or  alkftlies.  If 
bested  akmc  in  clonwl  vcMi«-U  to  590^",  it  is  comcrtcd  into  u  nilx- 
nre  of  cyanogen,  oxide  of  carbon,  and  carbonate  of  ammonia. 
Siamide,  in  fact,  contains  the  elements  of  cyanogen  and  water; 
ljN)jC,0,  =  (C,>')g+ lIjOj ;  but  the  water  reading  upon  a 
hrtiua  of  oxamido,  converts  it  iuto  oxalate  of  ammonia,  and  this. 
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by  tbe  action  of  heat,  is  resolved  into  carbonate  of  amraoiiia  an 
oxide  of  cor\)on : — 

OxwiiU.  OnkUofauMal*. 

—  (11^0^,+  4  U,0,  =  i  H,NO,C^O; ;  and 

When  oxamide    is  boiled   vitli  rc<l    oxide  of  mercttrjr,  tlic  two' 
bo(Ui«  enter  iuto  coaibi nation,  and  form  a  white  heavy  powda 
[HgO.(H,N),C,OJ. 

IfoxiiLic  ctlicr  be  decomposed  hy  ttie  nlcobol  alksHc*,  such  w 
cthylia,  tii(^t}iytia,  and  smyliftj  or  bj-  otbcr  bosps,  such  as  aniUa^ 
compuunda  are  obtained  currc^poiiding  to  oxaniidc  :  thus  ethyliii 
wWd    made    to   act   upoa   oxalic    ctbcr,  yields   dicthylosamule, 

(c.oj"l 

(C„H„N,OJ  =  (C^fij)g[Nj;  and  aniline,  uudcr  similar  circum- 

".I 
ttanoef,  if  hfiatedin  a  cloiied  tube  10320°,  [troduces  dijdienjrloxafl 

[owmilide),  Cj^Hj,N,0^ :— 

Omallgeihrr.  AsiliiMi.  OiMiUi<l>.  AlnAol. 

(1178)  Sutcinamide  (C^U^^!ifi^=      Hj         kN^.— When   boc- 

oiDic  eCber  is  mixed  with  tvrice  its  volume  of  a  concctitrataL 
aolution  of  ammonis,  nicoliol  is  Itlwratcd,  and  saccinamide  w 
dcpoHted  in  Ihe  form  of  n  grnnular  eryiitallinc  compound.  It 
is  nearly  insoluble  in  coUl  water,  but  ia  dissolved  by  boiling 
water  in  considerable  quaotity.  Alcobol  and  ether  do  not  dis- 
solve it.  a 
Sttccinimide,  or  dixuccinamide  [2(C^Hj'N0,+  2  Aq)=  2(C,H^^ 
IlgNj  +  4A()]. — The  simplest  method  of  prucuriiig  this  compoufl 
constxt*  in  netitrnlixing  a  solution  of  siiccinic  acid  with  smmodH 
n'aporating  to  dryness,  and  submitting  the  residue  to  distillatiofl 
It  may  al»o  be  obtained  by  causing  dry  ainiaouia  lo  react  upA 
succinic  anhirdridi; ;  during  this  reaction  water  is  formed,  andfl 
considerable  elevation  of  temperature  orcurs : —  ■ 

Dixiooiiuiuii]*.  ^1 

SucdsU  MA}4rid«.  , — ■ ,  ■ 

—  -—  (C,H,OJ"|  ■ 

aC,n.O,+a  II,N  =  (Cgli.Oj"  N.+aHA-  fl 


TBUVCCtKAUrDE. 
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When  succtnamide  U  heated,  ammonii  is  evolved,  and  snocinimide 


Honlniiiiii^ 


it  a  tcmpcmturc  above  400*  it  sublimes  without   dcconi))0*itioii, 


N 


I 

V«fMl  uinj  Im;  piirifivJ,  I)t  crj'stullixittioii,  from  its  solution  iti  boilin 
"  witcr,  which  on  cooling  deposits  jt  iu  beautiful,  etBoreacent, 
rhombic  tables.  It  is  freely  Holtiblc  in  water,  Aiid  the  sohition 
luu  «  ftcbly  acid  rectctton  ;  alcohol  also  dissolve*  it,  but  it  !«  iii- 
toluble  iu  ether  ;  it  fusesat  410°.  Sucoitiimidc  la  aic^tamcric  with 
succiiiatntc  acid.     It  yiekU  a  crvstallizable  compound  with  silver, 

termed  gucnnimidaie  cf  aiher,  CJI,0,LN,  [=  ^CgH^AgNOJ  ; 

this  body  is  obtained  in  uccdlcs  by  mining  a  boiUng  concentrated 
alcohohc  Aohitioii  of  succininiidc,  i-t-iulercd  itligbtly  tilkaliiie  bv 
ammuuia,  with  a  hot  alcoholic  solution  of  nitrate  of  silver :  the 
salt  is  deposited  as  the  liquid  cools.  It  is  not  dccompoHcd  by 
potiMh  iu  the  cold,  but  ou  the  apjjiiciition  of  heiit  to  the  mixture 
ammouia  is  cvolvL-d.  Sueciiiimidate  of  silver  in  freely  soluble 
in  ammouia,  and  if  the  mjIuIiuu  so  obtaiut-d  be  left  to  spontaneoiis 
evaporation,  a  syrupy  alkalhiv  liquid  is  IcR,  which  gradunlly  he* 
cotue*  converted  into  a  avArn  of  reotaiigiiLir  prisms  [iC^H^AgKO^, 
I  H,N],  from  which  potash  iimucdiately  liberates  ammonia.  Suc- 
cininiidate  of  silver  is  decomposed  with  cxplusion  when  suddenly 
licatetl :  it  ia  iMmeric  with  succlimniatc  of  t*ilvcr,  into  which  it 
is  converted  if  ita  aiuinoniacal  solution  be  boiled  for  some  time; 
it  thru  becotncs  much  more  soluble,  sud  ia  no  longer  cxpto»irc. 

Tri*U€x:,uamiiU  V,.^\\^p^^;S^  =  {Q^\{p>>'\'S^.—W\icn  )0]wt» 
of  succinic  oiychloride  (1131)  arc  dissolved  in  twice  their 
volume  of  ether,  and  mixed  with  37  ports  of  the  succinimidatc 
of  Hilver,  an  imruullftte  reaction  ocxui>,  stdtieient  liejtt  i:t 
emitted  to  volatilize  the  other,  uiid  chloride  of  silver  is 
(armed : — 

Hoihng  ether  diiMoWes  it  under  pressure,  aud  deposits  small 
crystals,  which  arc  fu&ihic  at  iSi°.  Warcr  Rud  alcohol  docom- 
poce  thi«  compound,  nicohol  eonvcrting  it  into  succtuimide  witb- 
oat  the  rormatioii  of  suecinic  ether.* 


*  Wnrts  fatu  put  forwiud  a  view  of  tlie  amides difleriiig from  the  Torpeoin): 
[  Oqf.  inaMnach  u  he  pro|><>»ri  to  consider  the  moDobiuiii]  uaides  U  formeil 


3 


g  r 


(lO  Amutttttd  Acids. 

(1179)  A  single  iiiKUiicv  will  sufficinntly  illiiKtratt?  tlie  nature 
of  tliCM  bodies,  after  what  lias  bccu  alrvady  stated  of  iheir  geaen) 
properties:  but  the  existence  of  this  cI&m  of  sxibstiiiiccs  t.i  not 
confined  to  the  compounds  of  orgnnic  clieraintry,  since  liolb 
sulpburic  aud  earbutiie  aeitU  yield  amirlated  aeids,  viz.,  the 
eul|]h»n)ic  and  cArbaniic  acids;  these  bodies  beiug  iiroduced  bjr 
tlie  n-4ictioii  of  drv  ammuiiia  ujtoti  anlij^drotu  siiipliuric,  and  car- 
boaie  acids  ;  the  eompotimlB  to  which  tlie  term  of  ammouides  was 
applied  (507)  being  supposed  by  Lament  and  Uerhardt  to  be 
iitniiliktcd  salts  of  nmniouia.  ^H 

OramicAnit  [C^HjNOj=IIO,HjN,CtO().— \Vhco  biooxaldP^ 
of  animonia  is  exposed  to  a  carefully  regulnted  heat,  it  loses  its 
WRter  of  crystallization,  and  begins  If  iiudcrgo  decomposition  at  a 
temperature  of  about  430",  giving  off  water,  carbonic  acid,  formic 
acid,  and  carbonic  oxide.  The  residue  in  the  retort,  if  not  heated 
too  strongljr,  oonaiata  of  oxamide  aad  aa  acid  itibstaaoe  soluble  in 


IVom  tkp  typv  of  thu  doabI»  nolemla  of  wstsr  n  |  O,.  sad  than  to  Mnneet 

thcrn  with  thcacidi:  farcxaaiple,ifa>celienoidinitahfdrtt(<dfonn  bevnttm 

H     '  I  ^^i'  ^^  anidiNt  of  noetic  aoid  would  be  that  indimbxl :— 

Btlirliliaiwtamida. 


Oiaoetanude. 


c:h:8:  1  ^^ 


C.H.O,  i 


clHgjf^.".*^- 


It  mil  he  xeen  that  upon  llkis  thpory  tie  aniidea  an  Rup])OH<d  to  be  fomted  I 
the  aotion  of  luiimoTJiH  iiikoii  llie  hjdrntpd  Hcidii :  H,N  losing  Iwo  atoma 
tiydn>K(!n.  wkkih  combine  irith  th»  two  tx1«rior  atoniaof  oxy^bu.  wbde  the 
rcgidup  US  taite*  liio  place  of  tin-  oxyKm  Ihun  rcraovcii. 

Wurl*  ooneidew,  wil:!!   ficrhnrdt,  thnt  the  diWio  acid*  ar*  di^riirrd  frcm 
two  double  ntolrculca  of  WHler  (lOijv),  nnil  tlit-irrelatioo  to  tbinr  smidca 
aniidatod  acids  odmiu  of  bring  very  liutpl;  traced ;  for  exanple— 


OdOjo  AuM. 


Oxwulda- 


OnrnwHid. 


H      O, 
if    JHK 


Tliia  rirw  U  itiKi-nioua,  but  it  dom  not  SL-coiint  for  tlin  fnct  tUat  cnuniidf  u 
neutral,  snil  tlinl  nxxmii'  hi'kI  i>  Tnonilinvic.  whilat  oxnlio  ni^id  it  intentdy  add 
aud  dibaiic.  Tbo  two  stoma  of  hrdrof;»n  which  are  b«K  rrprcucnt^d  aa  ocvu- 
pfiu^  aitnilnr  poiiitioDt  in  oiolio  Ke'id,  in  oxiunidi!,  and  In  ■pxanki^'  arid  lu  c«ob 
caac,  ccrtniuly  |)(?rft>rm  tbp  functiona  of  a  bnac  iii  oxslio  acid ;  if  ibe  theory  W 
correct,  tbrr  atao  muit  oci-um'  a  bitxic  poritioo  in  Ihu  other  compoanda.  uiii 
u  mull  titould  be  excbaaKPable  witli  a  metal :  but  on  moifing  tbt  axpwioianl 
tbia  exubaage  i»  fuuad  not  to  take  place. 


OSAMIC    ACID — TIIB   OSOAXIC    IIAStS. 
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I  Thi*  tolttUe  compound  is  ox&niic  acid.  It  ma;  be 
jliiEwl  by  barju  water,  tir  by  lime  water,  aiid  jicHs  crystalline 
tbeM  boAes  o»  eva|iorating  the  solution.  If  itit  iiqneoiiH 
be  boiled,  it  is  reconverted  into  binosnlate  or  ammonia: 
,C^O.  +  Hj0,=  U0,H,N0,C,O,.  Oiamic  acid  may  be 
reulUy  prepared  by  decomposing  au  alcuHolic  ftolotion 
etbcr  br  an  alcoliolic  solution  of  ammonia  in  excess; 
is  fonnol,  and  in  a  day  ur  two  tlic  liquid  de|KiMt9  crystals 
oe  mixed  with  tbc»e  of oxamatcof  ammonia.  The  latter 
ntted  from  the  oxamcthanc  hy  diHwIviog  the  mixture 
inibstancca  in  hot  aleuhul,  adding  an  alcoholic  solution 
ide  of  calcium,  and  Mpamiiug  the  sparingly  soluble 
Mr  of  lime  by  filtration. 

imr^e  uumber  uf  dibiuic  acids  form  compoundji  aualuj^ua  to 
Mid,  such  as  the  following : — 


Sulpbamic  Add     . 
Carbsmic  Acid       . 
Tartrami*  Acid 
Malamic  Actd  . 
I'htlialaouc  Acid  . 
Camphoramic  Acid 


IIO.HjN.CjO,. 

HO,H,N,CgH,0,. 

HO,H,X,C\H,0.. 

HO,iI,N,C„H.O,. 

(•acids,  of  whicb  aniido-bvnsoic  (bcnzamic)  ie  tbc  reprc* 
.will  be  oonaidered  hereafter.      (1246,  1424). 


§  II.  The  Oidji.tic  Bahcs. 

So)  Tbe  Alkaloii^S)  or  organic  ulkaUe*,  are  not  less  nunic- 
lui  the  organic  acids :  tbcy  fonn  a  nalural  group  of  high 
the  chemist,  not  only  on  account  of  their  remarkable 
bat  also  from  ibeir  powerful  eJTecta  as  mi^dicinnl  or 
agentH  upon  tbc  auim&L  economy. 

majority  of  indtancca  llw  natural  oT^ganic  \\sae%  are 

iRt   tbc   vegetable    kin^ilom,  and    constitute  the  active 

the  plant  tbat  contains  them,     llicy  always  occur  in 

-wirh  some  acid,  which  is  alao  frrquciitly  of  organic 

peeiUiur  U)  tbc  plant  or  fnmily  of  plant.t  iu  which  it   is 

many  caaeatbo  alkaloids  which  occur  in  one  species  uf 

j)y  ore  found  also  iu  several  of  the  Dtlicr  members  of 

T. 

ilile  boMa  when  in  solution  have  generally  a  decidedly 

^action    ti]K)n  tei^t  papers,  and  for  the  most  part  tlipy 

BCDtraliac  the  acids,  forming  definite  and  well  crystal- 


TIIE   OBOANIC   BASeS- 


lixcd  RnltD.*  Tbey  obey  llic  tuiuil  lair  of  hues  when  their  mlo 
uic  Hubaiitted  to  cIccLrolytic  uiialjsis;  aiitcc  ander  Uiese  cinrtini- 
Btaiices  tbc  bo»c  is  liberated  at  ihe  platinodc  of  the  »olt»ie 
liattcry.  Most  of  tliose  tfiuie«  lire  disjiolred  npftritigty  by  water, 
but  art!  more  freely  soluble  in  alcohol,  eii|>cciklly  wbcu  it  is  at 
■  boiling  tctnpcratu  re;  tbc  alcobnltc  wlutious  a»  they  coot  generally 
deposit  tbc  itlkkloids  in  tbc  crystalline  form.  Sonteot'  ibere  hatn 
occur  ill  tno  isomeric  couditions,  one  of  which  in  crj-stalliKulitr, 
and  tlie  other  aruorptious;  both  forms  coiabioewitli  acids  in  themuc 
projxirtioii,  but  iLc  cry»tiLllinc  raricty  nlvne  yields  crj-nliilliiie  >ilte. 

Tbe  vegtitable  or  or|-aiiic  bases  may  Ix*  subdivided  tttto  two 
well-iriarlted  clasaea  : — ist.  'Ilioae  which,  like  aniline  (C^H.^''', 
do  not  contain  oxygen  : — and  2ud.  Tbo^c  which,  like  quinii 
(C^,H  _.,y,0,  +  6  Aq),  do  contain  it  The  liases  of  the  first  cU>( 
are  oily  and  volatile ;  they  abaorb  oxygen  rnpidly  from  the  air: 
tilts  class  has  recently  hucii  augmented  by  tlic  formutton  of  nume- 
rous artificial  alkaluids,  many  uf  which  closely  resemble  aniline  ia 
properties,  aud  may,  lilte  aniline,  be  regarded  as  derivatives  of 
ammonia.  Lew  i»  kituwu  of  tbc  dcrivatluQ  and  raCiounl  compqaitio 
of  the  second  and  more  complicated  class  of  oxidiicd  baacs. 

All  of  the  voliLtilc  bases  Imvcu  powerful  odour;  they  may  bei 
tilled  either  alone  or  with  the  Tapour  uf  iiater,  without  uitdcr^goiQ 
decomposition.  Advantage  l»  tiikcn  of  tbi^  property  iij  tbctr  pref 
ration  or  extraetioa;  it  is  aullicteiit  to  digest  the  plant  containing 
ibeiu  iu  H  weak  alkatiue  ley,  and  to  »iibaiil  the  Biikturc  to  dittil- 
hitiou.  A  purtiun  of  ammonia  alviays  tumcs  over  with  the  ran- 
deiised  products,  which  are  neutializetl  by  pulplinric  acid,  then 
evaporated,  and  afterwards  digested  M'itli  alcohol.  This  menstniuni 
IcavcH  the  sulphate  of  ammoniB,  but  dissolves  tbc  sulphate  of  tli&i 
oi^ganic  base,  which  may  lie  purified  by  recrystalliiatioo.  If  tl 
salt  bcn(;itntcd  with  a  mixture  of  equal  parts  of  a  strong  solutio 
uf  hydrate  of  potash  aud  ether,  the  mi.\turc  separates  on  sttandtiig 
into  two  layers,  the  upper  cue  conxiittiiig  of  an  ethereal  solnttou 
of  the  volatile  base.  ]f  this  ethereal  solution  Ix:  dccAuted,  and 
placed  iu  a  retort  aud  distilled,  the  ether  is  first  expelled,  and  ttiej 


*  It  isiDai>1i  t«  WrogrottedthstaaiiifgnDayittmBof  DDianHlstumhiKi 
been  adopted  for  llicve  compwiada;  that  ths  tcnaiaatJOD  ia,  for  example,  u' 
iu  morphia  sod  Rtnrcluiia,  hu  not  been  approprintcd  to  tlia  tuaei.  to  luJinW 
tbrir  iiniiUiiiT  «itu  aoiiDOLiiB;  the  t''niuiiiiitf>(i  int.  niii^kt  llicn  kavf  b«M 
rMtrifti'il  t.o  tlio  nniitr«1  pHnftipIr*.  Botli  iIhtw  lumiinationii  ■«  now  •Itorbwl 
IfKlifTrrrnllj,  bj  umikv  wriu-ra,  lo  the  hiiHca,  sntj  it  miijlit  bo  ■iri'mtnl  sitli 
iaoonvrnit^uco  were  the  iLtt«mpt  unifonnly  mode  to  aticr  the  t<rmii»iivii 
ramihanzt.-tl  by  uanKf.  In  thi»  work  I  bare  Kenenilly  itiilicnK-i]  t)ie  neatrjl 
bnilicB,  inch  an  sniiciu.  amjrKiIalia,  Ae.,  by  tbe  (etmitiation  it,  lywtTTia^  m 
*Ddtiii(.  iif,  for  tho«e  wlii«li  have  baaie  prop«rtic«. 
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''"■'•nranls  Ixs  obtained  ia  n  »!atc  of  purity  in  the  ta«t 
'i  |)aw  over. 

:al  pruccM  of  c-vtracling  llic  alksloids  wliicti  are  not 
plo.  The  riiapwl  or  [KjwtJcrod  vt-gotahlc  U  digested 
Bale  ttiljtbufic  or  hjdrot'iilorJc  acid,  by  wliich  tlifi  orgiinic 
llie  alkaloid  ia  dcconi posed,  and  a  more  soluble  sulphate  or 
-  ''  rt»«l.  To  tin-  fillcR-d  M>ltilioii,  ammonin,  tnii^nmo, 
.'  of  wKla.  ia  adtk'il,  by  whicli  a  copious  jirecipitAte  of 
lani  nlkaloid  u  occasioned  ;  aud  ibis,  if  tus^uc»ia  be  used, 
led  M)l}i  tliL-  rxe«^«!i  of  tbU  carlh,  iiod  oftm  with  ati  in&o- 
poiind  uf  tbe  organic  acid  with  mngneflin.  The  pro- 
is  treated  with  Imiliiig  alcohol,  from  nbich,  on  coolin*, 
-'■  ---n-rallv  crjr»tatliBc» :  it  is  rcdissoKcd  in  sulpliuric  or 
L  icid,  digpsteil  witli  animal  cbaiysoni,  and  the  salt  i« 

by  recryolall.'MCioii.  Arunial  tharcoal,  tbousli  it  pcrfwrtljr 
the  rolnar,  ba?  in  many  cases,  however,  the  senoiis  di^- 
p*  of  rrtaming  also  0  large  proportion  of  the  iwU  of  the 
alknlt ;  niid  if  a  great  excc>»  of  diurcnal  be  u»ed,  altaoet 
itc  of  the  salt  may  be  wittidrawu  from  the  solution. 
Ibe  nfrarch  for  an  organic  baM  in  cases  of  susprctcd  poiaon- 
iB  of  tbcse  stiliHlancGB,  Stas  recommends  tlie  adoption  of 
_  iiii.'tho(l  (Chan.  Gnz,,  1853,  350)  : — To  tlie  eoiiteuts 
.  add  ti«icc  their  vcight  of  pure  concentrated  alcohol, 
10  to  30  grains  of  tartaric  acid,  and  beat  the  mixture 
to  160*  or  1 70*  i  allow  it  to  cool  completely  ;  filter,  and 
residue  with  atrong  alcolml.  Evaporate  the  filtrate  »« 
in  ft  current  of  air  at  a  tfimperalnre  not  exeeeding  90*, 
Ibo  «alutiou  if  any  fat  separates;  treut  the  dry  residue 
■Wolute  alcohol  ;  cvajwratc  itt  vaato ;  dissolve  the  acid 
a  few  drop*  of  water,  adding  hicar)>onate  of  potash  or 
it  ceases  to  pn>du(;e  offervc^ccucc;  then  agitate  with  4 
it*  bultof  pure  clher.  Wbcti  clear,  allow  a  portion  of 
ftoliilioii  to  (niiponit«  tpontanconsly  in  a  very  dry 
it  way  the  linec  it  obtained  in  a  state  uf  purity  sutllett-iit 
it*  exuni iuatioii  by  its  churactcnstic  reagents.  If  Btd- 
he  uddHl  to  the  ethereal  Bolation,  the  sulphates  of  tbe 
'  "  '  '  -  may  be  KCiWiratcd  in  the  crystalline  form — 
'lyba,  aniline,  quinobnc,  and  picoHne ;  sul> 
.^  ha  is  slightly  soluble  in  ether.  Stiu  states  that  he  has 
'        '  ■  .1  moriiliia,coil(*ia,8trycbiiiu,  brucia.vcratriai 

■tma,  Meunitinn,  and  oolcliiDia,  all  of  whi 
Dctl  With  odd,  arc  sufHcicntly  soltible  in  ether 
ti<m  hr  the  foregoing  method. 
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^faiiy  of  the  orgauic  bases  «rc  nlao  diuolvcd  by  ebloraronn, 
irliicb  EDJij  oftcu  be  ailvaiiUigPoiislv  snhslitutcd  for  ctlicr  lu  Stas'i 
process,  llie  liquid  U  llltered,  if  ttecenMry,  and  agitated  with 
about  oiie-tliirlietli  of  iu  bulk  uf  clilorofurm ;  tbe  cblorDforai 
speedily  w)iaratcs  in  the  form  of  a  ticav;  uilj;  layer,  vhicb  caa  ht 
ilecantcd  ;  it  wilt  Ix;  found  to  contain  nearly  tlie  whole  of  the 
base,  which  may  nftcrwards  be  jiitriticd  by  ttio  usual  methods. 
The  following  hnsca  nrc  especially  soluble  in  ctilorofonu — r'u., 
rarnlna,  qniniii,  brucia,  iinruutinc,  utropin,  uiul  strycbnixj  cincboHia 
ii  but  sjtaringly  soluble,  and  morphia  still  less  »o. 

(1181)  Nature  of  the  Orgunic  Bagex. — The  composition  of 
tbe  vegetable  alkulica;  is  rcmnrkablt; ;  uUof  tbcin  contain  aitrogni, 
nnd  in  the  greater  uiimbcr  each  atom  of  bau}  includoa  ouc  atoin 
of  uitrogen.  iierzelitis  regarded  ammonia  sn  the  coinpoutid 
vbich  coufers  upon  them  their  basic  character;  and  he  con- 
ftidcrcd  thcni  to  be  comjioundu  of  a.iiinioiiia  with  a  variety  of  iiea< 
tral  principles,  nbich  iu  uio^tea^^es  ure  uot»U!^ceplihIeor  isolatkia; 
LJiti  union  of  tttc  iiontrul  principle  or  colligate  with  the  ammuuu 
iKJng  of  the  same  iiitimttte  nnlure  u»  tliut  of  alcuhol  with  &ul< 
pburJc  Acid  ill  the  );u1[ilictliylie  aeid,  nhcre  neither  oi*  [lie  c<jai>ti- 
tucnts  exhibits  ica  ordinary  characters.  Thus  quinia  (C^H^NOf 
-t-_}Ari;  halving  the  formuU  now  lulopted)  was  rcju'CKcntcil  hy 
Bcrzelins  as  {C„H^Oj,HjiS'0)  +  i  Aq,  or  as  a  oomponnd  of  tlie 
colligate,  Cj^iHgOj,  with  oiide  of  ammoniuDi  and  water  of  cry»tBl- 
lixiition.  This  niodcof  vievting  the  composition  of  certaiu  vegetable 
bftsea  acquirbi  ^)tnc  sup|>ort  from  the  discovory  that,  by  the  direct 
union  of  aininouia  with  a  limited  class  of  ucutral  subftauces,  suck 
uA  oil  of  mustard,  and  oil  of  bitter  oltuotids,  n  number  of  batic 
compoiiti(U  may  be  obliiined,  whicli  present  a  sitnking  ai 
both  in  coiiipusitiou  and  properties  to  miniy  of  the  organic 
proiluccd  by  living  plants  :  but  thib  theory  uf  BcriHrlius  is 
gcuemlty  abuiidoned. 

A  different  view  wb»  sn^tttcsLcd  several  years  ago  by  Liehig, 
wbo,  finding  that  these  bases  gnvc  no  evidence  of  the  pretence  of 
ammonia  rcttdy  formed  within  iliom,  sixggcKtcd  ttiat  they  might  be 
comjiounds  containing  H^N,  or  amidugen  ;  and  that  they  lui^lit 
be  derivatives  from  ammonia,  in  irhich  an  atom  of  hydrogen  Ind 
liccn  displuecd  by  ini  otjuividvnt  orj^aniu  group :  he  cvcu  predicted 
tliat  if  it  iihuuld  bu  found  po»)ible  tu  displace  t]ii»  atom  of  hydrogea 
by  ethyl,  or  by  oome  electro- negative  hydrocarbon,  a  iiowerful 
vola.tilt!  Ixuu  wotdd  probably  be  ubtainod.  Tliis  sagacious  con- 
jecture has  since  been  fully  rcrilicd  by  tbe  discaveries  of  Wurti 
aiul  //otfiiaiiu^  who  Uavc  auccccdiVjJi  \u  abtaiuing  the  Tory  cuoi- 
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itnik  anticipatci  by  Licbig  ;  aud  Hofmana,  as  we  have  already 

has    exteaded    tbe  proci^ss   of   tubstltutioti    much    furiUcr. 

liebi^s  T(cw,  with  ilie  eitciisiou  aod    modiEcatiotis  rt-'quiri'd  by 

ttic    |tn>j;rcM    uf  diHcorcry    ia    ttiis    direction,  adaiitti    iu  mauy 

inataiiccs  of  being  h^iipily  applied  to  the  imturni   vcgutoUo 

8UI1CQ   those    bodiot  tlicmsclvit;  osn  be  subjected    to  ()[H.'ratiuits ~ 

anali^COiM  to  those  which  are  aptilied  in  the  formation  of  the 

alcohol  ba»e»;  and    portions  of  the  hydrogen  which  tht^  contain 

may     thus    be  displaced    by  basin    hydrorarljoiia;    for  instance, 

oooylia    [(C„n,/'H,N]    may    be    converted    into    ethyl-ranylia 

[[C|jII|J"CjlIg,  N],  by  (lUpUciiig^  AD   atom    of  hvdrogtin   by  an 

tquitalcnt  of  ctliyl.     The  minhpr  of  escbaiigftablr  atoms  of  hy- 

1    drogcti  in  the  diffi-rent  bn»es  depends  upuo  the  molecular  con* 

^btilution  of  the  particular  bii»c  under  expcrimcut  (1 1 89,  it  90). 

^m        Itut   the   hydrocarltonsi    either  originally  existing  in  the  ba 

Hor  RuKtequenlly  introtluccd  into  it,  may  also  vxperlctice  a  cliaoge 

in  tlieir  oomponvatti    by  n  specica  of  secoudary    substitution  by 

chlorine  or   bromine,  vrhiUt   the  general    buMc    prnporties  of  the 

componnd  remain  uncltangi-d.     AiiilinL- (C,,,H(..UjN)  for  example, 

ly  be  r«prcscatcd  as  aunuonia  in  which  gne  atom  of  hydrogen 

displaced  by  t^i;II|  (phenyl) ;  but  aniline  may  lo»e  a  part  of  ittt 

liyilrugeu,  and    reci^ive  chlorine    in   its   place,  without   having  its 

cluiracter  destroyed,  bi«j«iiaK  cblorantline  (C„H^CI,H(N) : 

and  even  NO,  may  be  substieiited    for  a  portion  of  the  bydrogcu 

Jo  aniline,  while    the  new   body  (nitraniline,  C,jH^KOj,HjN)  still 

ntaiiiK  its  pouter  of  forifiing  saltH  with  acids,     Nitraniline  affords 

311    instance  of  the  artificial    formation  of  nn  alkaloid  containiiijfj 

two  atoms  uf  nitrogen;  and  exnmplc«  of  the  uoeurrence  of  bases' 

which  contain  tnoro  thau  one  Htom  of  uitrogeii  without  any  cor< 

reapondiiig   increnec  iu  basic   power  arc  not  wanting  ninon^  the 

Iirodueti«  of  organic  nature.    The  relation*  of  aniline  to  cliloranilinc 

and  uitraniline,  may  l»c  reprtjsetited  in  the  following  maotier  : — 


Auitiae 
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'"(CI 


N; 


CI 
H 
H 


■N;  Nitraniline 


H 
H 


!-N. 


Mofniaanj  ia  the  eotirse  of  hit  researehcs  upon  aniline,  dia* 
oofcrcd  Duothcr  method  ofconibinutiou  which  ia  worthy  of  remark, 
■ince  il  explains  a  second   mode  iu  which  au  additvoiu\  «,tjQ;m  ^l 
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uitrogen  may  be  iutroduRcd  into  the  ulUuluid  without  iitcreasii 
its  basic  power  : — cvsDogcn  unites  directly  with  aniline,  formiiijf  a 
hody,  tlie  «>m  position  of  which  is  represented  by  Cj^I-LNj,  but 
trliicb  i»  evidently  not  a  hvdi-uL-ruiiiitii  of  uniliuc,  for  this  would 
lie  represented  l>y  the  formula  C,jlI,N,IlCjN  ;  nor  ia  it  «  »ub«ti- 
tiition-prodtiet  fiirmed  by  the  ili*p!aeenient  of  I  atom  of  hydro, 
gen  by  an  otjiiivalent  of  cyaiio^-ii ;  hut  u  tic>r  body,  et/amliitt, 
which  possesses  basic  properties,  and  enters  into  combination  willi 
siritU  in  the  proportion  of  one  equivalent  of  acid  to  each  equivaleqfe^ 
of  auiliue  wlitch  the  new  base  coDtaim.*  ^M 

It  is  evident  that  changes  such  a«  these  affect  that  porttg^H 
ouly  of  the  componuH  nhioh,  like  0^,1 1,  in  aniline,  baa  been  intr^H 
duccil  into  the  ammonia  by  sulMtitution ;  the  computmd  retainioff 
the  basic  [wner  which  it  originally  derived  from  the  anitnonin,  j 
npon  the  type  of  which  it  has  been  conetmctcd.  When  this  tyf^H 
ia  destmyecl,  the  baaie  power  of  the  conipaiiiKl  disap|ie.ir.4.  ^'^M 
example,  jiwt  aa  osalato  of  amnioiiia,  by  the  abstraction  of  tl^| 
elements  of  four  atoms  of  water,  loses  its  •valine  chnrartcr,  an^^ 
becomes  converted  into  an  iiidifferent  in&duble  hotly,  nxanndc,-^^ 
and  this  by  the  further  abstraction  of  four  more  atoms  of  wa^H 
fnrnishes  cyanogen  (1164);  so  oxalate  of  antUnc,  by  loaing  ftl^H 
atoms  of  water,  becomes  OKanilide ;  and  by  abstrnetion  of  foi^| 
more  ntotna  of  water  becomes  osanilo-nitrilc,  or  pbenylo'Cyanogt^l 
which  atill  retains  an  atom  of  nitrogen  intimately  combined  botll 
with  carbon  and  hydrogen,  but  which  hoc  lo«t  its  relationship  nr 
homology  with  ammonin,  nud  with  it  has  alco  lost  itshaaic  character.  J 
Thus :—  ^ 

OnltteoIknlUnE.  Oiuillidi).  ^H 

{C„H,.H,XO)X\o;  =  (C,.H^UN),C.O>  -l  HA;  «««»     ■ 

m         {C„H^HN)J];o,  =  (ci^^XQ^       42  up,.  I 

(1182)  Analogy  of  Orr/anic  Bases  with  Ammonia. — The  ^H 
raarkablc  parallclnm  in  properties  of  the  salts  of  the  organic  ba^H 
with  those  of  nmniouia,  will  be  rendered  still  more  evident  by  ^H 
following  odditioual  purticulara: —  JH 

iSfaoy  of  the  vegetable  bases  may  be  obtained,  like  ammoaiaj  iH 
the  anhydroiu  state:  sueb,  for  instance,  areciiicbODiaC^,H^Kj0^1 
and  strychnia  C^JIjjN.O^ ;  and  ibcaanicisthecaacalDiost  withont 
exception  with  the  aniline  daaa.     These  anhydrous  boaea  combiuy 


*  Bami  tcill  ba  dMoribed  hcTMftcr.  irliioh,  liVe  ^uinidinc  «&d  mtt  . 
unuDia<^  (HiO),  appear  to  bcforrncd  opoti  ihc  polyatonui:  typ«,  •aJ  attt  Jer|t«d 

iivm  tor  J  atoms  of  ammoaia  uu\vd  'mv>  oae  grau^. 
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tlie  byilndds  like  ammonia,  and  do  not  require  aay 

tbo    tflcmcuU  of  water  ;    liydroriil orate  «f  cinclionia, 

couRuU  of  (r,„H.,,XjOj.i  IICl]  :   but,  bk  '»  thr  nue 

monia,  whrnevrr  tlitse  hztxs  unite  witlj  tbo  oxyacids, 

m  of  moiiulianc  acid  with  wliich  the  alkali  onitc«, 

rati^r  is  required  for  tlie  iirculjictioii  of  the  «ilt,  or  3 

for  ercP)-  fttom  ofdiljasic  wcid.  Sulphate  of  ciiiclionia, 

wiiicli  coiituiDB  (C«llj,Nj03.2  lI0,S,0,  +  8  Aq),  loses 

'«t*.T  of  crystal liitat ion  hy  hcdt,  but   the  ri-iuniiiing  3 

t    l>e  expelled   without  cleoQiniKMiiig  the  salt.     Tlie 

witicli  the  organic  basrs  form,  aJw  cloaelj'  resemble 

'    corn|ioiiridH    of   amntoiiin  : — for    t':tnniple,  with 

■.  lunin  they  yield  yellow  ciyat&Iline  double  chlorides 

luliititT.    TliCAc  comjiouiids  are  of  comiderable  iin> 

the  chi.'diiat,  Jiiiicxj  thoy  fiiniisU  him  with  *cry  acciirato 

>etcritiiiitD|i;  the  equivnlent  number  of  the  or^nic  base. 

of  ^old    likfirine  foniin  vilh  lliem  similar  compounds, 

iin  \i:k  pro|«"«i   to   t-mploy  for  the   »aiii«   {iiirpcvc. 

ofg^auic  baites  alito  furuieh  nearly  in:soIub!e  while  pre- 

ihetr  i^ulutioiis  are  mixed  «itU  one  of  corrosive 

or   with  a  •olutioii  of  iodide  of  mercury  in  iodide  of 

Tbi-y   yield    extremely    iiinoliiUc    comjioumls     with 

libdatu  of  sola  :  3tid  a  wlutiuu  of  the  mixed  suljihates 

.d  persulphate  of  iron,  yields  by  apoutaneoiis  cvapora- 

Imring  the  oviitliedrul  form  of  nltini  (Will).      Octo- 

tals  are  aUo    oblained    when  a  solution  of   aulpbato 

bich  iif  an  anBlo(;iie  of  ammonia,  is  mixcil  with  orb  of 

of  Kitimtiia,  uiid  Wft  to  cpontaiieous  evnporntion. 

tion  to  tbcte  ooiupouuds  there  arc  some  otlicn  peculiar 

uf  bodiefi.     (Solutions  of  salts  of  the  vegetable  bas(» 

part,  when  mixed  with  biniodidc  of  potasMuni,  yield 

htiM)luhle  iu  lualer,    but  soluble  in  boiling  alcohol, 

they  crystiillize  on  cooling.      It  has  been  |)ropo^cil  to 

tnpoundft  in  dcterioining  the  b&«c«  ijuuutiiativc-ly  for 

of  ^tinalyna.      With  this  object  the  prcci|>ilato  formed 

idc  )»  placnl  in  very  dilute  atilphuHc  acid  and  ticalnl 

u  of  JSiQC;  iodide  of  xiuc  and  protiodidu  of  the  baae 

;  aii<l  on  the  addition  of  ammonia  in  excess,  tbe  orga- 

prtfcipitaled,  whilst  the  zinc  is  relaiued  in  solution. 

it  ia  found  preferable  to  throw  down  both  tlie  oxide 

tl»e  alkali  by  means  of  carlKmntc  of  ammouia ;  the 

r  wn>hittg  with  water  U  treated  with  boiling  alcohol, 

DUt   tlie  alkali,  leaving  tlic  oxide  of  zinc  ;  and  ou 
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ev^poratiitg  lilt;  olwliulic  solittiun,  tbc  dknli  is  obuiued  io  ft 
of  jturilv. 

Nuarl;*  nil  the  orjrfiiiic  hafV9.  Conn  iii«oliitile  cnrdy  itrcdpiti: 
with  galloUiuuic  acid  ;  indi'vt),  tlus  iicid  is  ouc  uf  the  moat 
plete  prvcipitants  of  tite  vegetable  alkalies.  Tlicsc  gnllot uuiiates, 
wbeu  heated,  molt  to  a  rcutioiu  mnxs,  and  arc  aoluble  to  soote 
csteiit  in  boiling  wutur  ;  thi*^  arc  ulno  diiMolTed  freely  by 
alcohol. 

The  aetioii  of  tartaric  acid  upon  the  vcgetnblc  bases  i« 
goii»  to  that  which  it  csrrta  on  many  of  the  iiiur^nic  bases 
instance,  the  tartrates  of  iron,  of  copper,  ami  of  aonw  otbcrmeuls, 
are  not  precipitated  by  the  nddition  of  the  alkntie*  to  their  aqneoa* 
FoIuliouB;  but  tartrate  of  lead  is  dccomjMiscd  with  separatioo  of 
the  metallic  oxide.  So  it  h  with  many  of  the  onjauic  bases;  tlw 
tartmtcft  of  brucia,  of  qiiiuin,  and  of  murpliia,  arc  not  precipiUtol 
by  an  exRp«i  of  potash  or  of  soila ;  by  couvcrtitij;  these  orgauk 
bases  iuto  tartrates  and  addiug  an  excess  of  au  alkaliue  solution, 
tlx'y  may  bcsi^paratcd  from  strychnia,  ciiichonU,  and  narcotine,  tki.' 
tartrates  of  which  are  decomposed  io  the  usual  way  on  the  additi^ 
of  potsfrh  or  uf  aniQiouia. 

The  greater  nnniber  of  the  regetable  bases,  when  in  eolati 
produce  the  phcnomcoon  of  lefl-hauded  rotation  on  n  ray  of  pel 
ised  ti^bt.  The  artificial  bancs  in  general  do  not  (lOsscM  the  puwet 
of  afl'ecting  a  {wUrined  rny  (Laurent).  The  tcft-liandcd  rotation 
exerted  by  tiarcotine  bccumc«  right-handed  when  this  base  ii 
cooibim'd  with  acids ;  and,  general  ly  s|)caliiug,  the  eflect  of  the  addi> 
tion  of  an  acid  In  the  hiiswis  to  reduce!  itajtower  of  mtatiun,  though 
with  quinia  the  rotatory  power  i«  exalted  by  the  additiou  of 
acid. 

H  Arlijiciai  Formation  o/  Organic  Batet. 

(ii8i)  It  liaa  already  been  stated  that  many  organic 
may  be  prcpsu-cd    by  artiticiiJ   means.      All  uttempU  at  ubtainii 
those  which  occur  naturally  in  plants  have,  huwerer,  tntherto 
uiiMiccc8«ful.     The  following  are  the  principal  processes  resorti 
to  for  the  purpose  of  preparing  organic  ba»es  artilieially  : — 

1.  By  destructive  distillation  uf  organic    bodies  coutatQiug 
iiitrogeu. 

a.  Jly   distillation  of   the    organic    allcaliea  with     bydrato  of 

potash  (Gerhardl) ;    and  of   the  cyanic  ethcni  with    hydrate  of 

potash  (Wurt^).  ^ 

J.  hy  Dombination  of  utamooin.  with  ceriaio  volatile  oil^  ^H 


I 
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subecquent   moderate   beating  of  the  pnxtuct  vitU  wtution  of 
potA«h  (Powoes),  I 

4.  Bf  rediictinii  of  nltrouB  ^orivatives  of  tlie  faydrocarboQS  bj 
^nesoB  of  ftulphurettutl  bj'drogvD  (v!iitiiO> 

H  J.  By  auli&litutioa  of  tlie  alcohol  radicles  for  hTilrogcii  id 
^mniouui,  iluriiig  tt)c  action  of  h^-drobramic  or  hydrioilic  ethers 
U{)Oii  ummoiiin  (Iloftnauii). 

6.   By  subfltitntiou  of    the  alcohol    radicles  for  hjdi'ogcn  in 
jtliuretu-d,  iirseiiiiipcltttl,  and    antimoTiiurctted  hydrogen,  by 

of  prwt:»cs  aiialogoiu  to  those  last  mc-utioiicd. 

I.  Dtalrvclive  Distillation  0/ Sutataaets  containing  yUrotfeti. — 

it  iDCthod  con#titutos  the  foundation  of  the  tntimifacture  of 

awata,  wluch  is  always  the  principal  hiuic  snhstantx-  thus   fur- 

led ;  but  since  the  ainoiouiu  i»,  during  this  operation,  hrought 

iito  coittAct  vritl)  hydrocarhoiis  and  with  other  products  of  distil- 

tioD,  ill  their  ii^scent  »tute,  the  elements  of  the  ammouia  react 

upon  tlieK  bodiea,  aoil  produce  a  kiuall  quantity  of  other  bases, 

botnologoUB  with,  or  derivable  from,  ammonia.      In  the  pn-iKtratlon 

uf  coal-gas,  for  inatancc,  four,  nl  least,  of  thew  rorapounda  come 

orer  alouj;  wtitli  the  eool-tar  :  these  urc  aniline,  or  kvanoi  (C„H;N) ; 

picotiuc,    a  base  inebmivric    with    aniline;    (|uiiio)iiic,  or  Iciikol 

(t'l^tl.N)  ;    and  pyiidinv  (C^^H^N).      Slcuhousc  has  fthown  that 

whfu  Tt^ctahle  mBtlcm  rich  in  tiitrogen,  sueb  as  tlie  eccda  of 

the  LrffttiHtnos^  and  of  the  CerfaJla,   arc   diiitillcd   in   a   sltnilar 

way  in  T'es<cls  excluded  from  the  air,  in  addition  to  amiiiot>in, 

large  qtuntittcs  of  volntile  oily  ^«^sc9   come  over,  the  nature  of 

which  v&rie»   with  titnt  of  the  (.'Oiujxiiiml   distilled  (P/iil.   TVofW., 

I  a^c) :  and  the  flc«trnctive  distillation  of  bone*  furniahe*  an  cm- 

pjimoiatic  oily  liquid,  kuown  a»  Dippel't  oil,  which  contains  a 

vftnetj  of  analo^us  huaea. 

i.  Action  of  Potat/i  on  Oiycnic  Bodie$.  —  Sometime*  the 
aaotiMd  matters,  instead  of  being  diuilled  alone,  are  mixed 
with  hydrate  of  potash,  and  submitted  to  the  action  of  heat. 
!□  this  way  aniline  i»  abundantly  obtained  from  iiKligo,  and 
qoinuline  from  quinia  atul  eiuchonia;  quinoline  is  also  obtained 
by  eimilor  mcaus,  though  in  smaller  proi>orlion,  from  strychnia. 
Grevillc  Williama  fiiida  tliat  some  other  volotilc  ba»(r*,  in- 
dnding  pyridine  nrul  several  of  ita  honiologiiea,  are  formed  at 
the  same  time.  AltJiougb,  therefore,  the  following  equations  do 
not  represent  the  whole  uf  the  reaction  nhich  occurs  under 
thc««  eircum»tanccs,  they  will  serve  to  point  out  the  simple 
relation  between  qainuline  and  the  complex  Uisca  whicli  furtiish 
It  by  diatillulioui — * 
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ACTION   OP  POTASH    OH   ORUANIC  HODIH. 


Ctethoab.  (juiaultBe.      CWK  mrii. 

■  tvC^+3  H,o, = .(c;iH^)+i^6;+8  H,  t 

^M  Qulnik. 

itt  like  manner  aniline  is  obtained  from  isatin : — 

liBbn.  Aniline. 

Tlie  carbonic  acid  jirodiice*!    during  these  opcrationa  remain) 
coniliinatiou  with  the  jjotusb,  whili>t  tlie  hydrogen  e»capc«. 
was  \>y  dii.lilliiig  ttic  cjAiiic  ami  ej<aikun[:  dhcn  with  hyilralej 
|x>tu)(li   that    Wurtx   (ItMCOverud   tlie    retiiarkablc  buKKSj  i>iethvl| 
etb^lia,  aud  amylia;    the  ruaetiou  bciug  analogous   iu  all 
cases  (loii) : — 

Oulc  ethvr.  ICIhjilU.  Cub.  pMaik. 

C.H^OA^O+J  (K0410)      =  C.a».H.N+jK0LC.O^. 

If  cthylalc  of  potash  (KO,C,TI^O,  potafsium-alcohol)  be  m 
slitnleiJ  IVir  lydrfitc  of  iH)tn»hj  a  more  advanced  HuUHtitntion-pr 
duot  may  he  obtained  : — 

Cjudi  MhvF.  KthTl**'|W>h.         trfrlhjrltk.  Cth,  pMatk- 

3.  Another  process  C0Di«i»ta  in  combining  ammonia  with 
aldehydfl.  This  mny  be  cflW'ted  hv  diHtiUing  the  cofubiithtion*  < 
the  ftldchydn  with  bisulphite  of  ainnioiiia,  with  liydmted  alka 
or  with  noda-lime.  Thus  the  compound  with  acetic  «lddi;d 
furniNhea  ilinicthylis  (C^II^N)  :  ihut  of  oetmiitUvIie  iddt^lird  trib«- 
ylift  (C„H,,N)  ;  and  that  of  oil  of  cinuamuu  triphenyba 
(Cj,H,jN)  {llofmann).  Tlie  decompositions  cannot  be  repreoeiilwl 
by  a  ^ciKTid  equation.  Certain  of  the  vidalile  nWn  which  po«srH 
the  properties  of  aldehyds,  also  combine  with  ammonia  when 
digested  with  it.  The  cumpotind  obtained  in  this  mauoer  ex- 
hibit.* in  fowc  cases,  without  further  trcxtjnciil,  the  properties  of 
ko  alkaline  base;  but  in  other  instaucc^^  a  iieuti-al  body  in  formed, 
which,  vrlieu  treated  with  a  solution  of  potash^  is  converted  into  an 
isomeric  substance,  possessed  of  baeic  powers.  An  example  of 
the  first  kind  oecurs  when  the  oil  of  muntard  is  treiitcti  tritli 
ammonia  :  it  tliua  fonns  a  jiowerful  crystalline  b«a^  which,  when 
miicd  with  acids,  at  once  unites  with  tlicin,  and  furnishes  cry*tlM 
iusabh  salta : —  fl 


Wt  atataaltriL 


CJt,^S,+  n,y  becoming  lI,tC,IIJN,.C,3, ; 

luretted  urea  of  tlie  alljl  series  :  uliilat  an  instance  oT 
ktnil  is  afforded  by  biUcr  almoud  oil.  whic)>,  ou  uniting 
Daia  to  the  projKirtion  of  3  atomic  of  the  oil  anil  i  atums 
ia,  loM-a  6  aturns  of  irat«;r,  uiitl  furitik  tlic  iiculrul  body, 
uuide : — 

OSwTliinaratnHBU  BrdfohmninUrL 

■  crrauls  of  hydrobeuztiiaide  are  twited  iritb  a  aolutioD 

potanh  for  some  Iiuurs,  they  arc  gnuliially  converted  itito 

faiuariui-),  analknliiK!  InJy  iawluble  iu  water,  nhioti  lias 

comjwiition  a»  imirobenzamide,  and  forin»    beautiful 

acids.      In  a  !uaiil4r  toatiticr  fgyrncs  prcpnrud  furriirine 

will)    potash  on  the  compound    of  furfurol  and  am* 


rownn'a  ako  sixin's  rsocE^scf. 
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TfataiiiaBiliI' 


rHHWnJ. 


hrAmmiJ*, 


Mid  »  c'li.^O,  =  <^„tifi^. 

Jborth  proo(»«  fnr  obtaining  organic  haaeii  artificially  in 
■liaMe  one  invented  by  Zinin.  Many  conipoundv  of 
i  Lvdrogcn,  such  sa  bcnnol,  toluol,  and  napbthatin,  n'beii 
lb  strone  nitric  acid,  lose  an  atom  of  hydrngpn,  wliiUt 

,t  of  ;  of  uilrugni  (NOJ  takes  its  pUiei:.    Iu  this 

Is  CO;-' -1  into  aitruboiixol  : — 

MmmI.  KilrakaiDol. 

',  into  oitrotoluol  (C„HjKOJ,  and  na|ititlialiii  (C^H,) 
Bapbthalia    (Cggll^MOj.      Tlie^   iictv  coiupound^  arc 
<'i.-»l  ;  nitd   Ziuiu  f^mnd    that,   aflor  siitnrating  the 
11  niUi  dry  ainmoniacal  gas,  and  tbeii  traii>iuitt)ug 
bydmgen,  the  solution,  if  left  to  itself.  dcpoHlcd  sul' 
<    rl  At  lliu  same  time,   whil&t  the  wbolo  of 
I  from  tilt!  orijjiu:il  eompouiid,  aitd  a  new 
|K)0c*>ed  of  basic  characters,  was  found  in  the  aolu. 
bsiaucc  ill    many  instances  mij'lit  be  obtained  in 
pijratioii.      Niirolirniiol  in  tints,  converted  inUi  anl- 
I  into  toluylia,  and  Ditronapbthalin  into  iiaphthylia  ; 
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^Ul       ,  rmrAKATioN  op  ARTincut  dmw.  , 

in  tjic\\  aixe  the  wliole  of  the  snliiliur  is  preci|)ita 
atoms  of  liydrugcn  enter  into  tbc  combinattou  ii 
fttomti  of  oxygen  wlucb  are  removed.  The  object 
moiiitt  in  itie  liret  iii»tauce  is  merely  tu  rutaiu  the : 
hydrogen  in  eoluliOD,  »o  that  the  reaction  tiiajr  hare ' 
]i)ace.  A  largo  number  of  new  bsMra  liavo  alrt^july  bnl 
by  tbi»(  proix'M',  and  numbers  of  others  irU\,  no  doufat 
coTcretl.  Bccbump  has  shown  thnt  hy  treating  uitrobci 
other  nitroutt  derlvativea  of  the  It^tlrocarbntiii,  with 
iron,  they  arc  reduced;  the  protoxide  of  iruu  htvor 
into  ecGquioxidc,  and  in  most  of  it  pn:ci[iitatcd  iu 
basic  scfKjuucetntc  of  iron,  whilat  aii  organic  baae  u 
nicthoil  is  CvcQ  prefernble  to  Zinin't: — 

C„H.NO. +u  (F*0,To)  +  H,0,  =  C^HiN+fi  fV,(  V  i 

All  tlie  bases  tliua  procured  are  destitute  of  oi 
resemble  ninroonin  in  their  mode  of  eombinatioo  with] 
Rtom  of  iratcr  being  i-sscntial  to  the  formation  of  tltea 
|jhale  nf  toluytia,  for  example,  couMsts  of  2iHO,C,.IlJ 

Licbig  and  Wohler  have  al«o  formed  two  based,  f 
diae  (r,,H„NSJ,  and  telttialdiae  (Ci,ll„NScJ,  iu  w| 
and  ectcnium  are  cou^tituem  elements.  Tbcv  ami 
the  reducing  agency  of  sulphuretted  bydrogcti  and  i 
liydrogcn  rtspectirtrly,  U[)on  an  nqw-«u<i  Mjlution  oa 
uldehyd -ammonia  :  tlitia  iu  the  case  of  thtaUliuc  ;— -     1 

aUtkyi  —iMM^.  HiiriKln.  I 

I  3(C,tI,0,n^)+3  HA=  0„W„NS,+.  ll.NS+3 ij 

Tlicsc  alkalies  belong  to  the  groupi  of  nitrile  Iwaoa  (n 
5  and  6.  These  important   procc4««s  admit  uf  n 
fication»,  which  will  lie  coiaidered  whwi  tjK-akiti^  nf -ll 
baBGB  which  hiive  been  obtained  by  tUctr  applii  ] 

In  a  few  ioKtancca  new  bases  arc  forme  '  '  u^J 
tiua  Tram  other  bai»^  n.t  i-otiimiuo  and  nar-  '^V 

(laio),  camthcliiw  from  brniaik  (laoj),  oud  i        ^ 
tEraatiiiD  (14S0).  J 


AMtUKK JlOOn  or    VUSTAtLXTlOK. 
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f,  the  rormation  of  or^nic  bnses  hms  bvcii  obncrvctl  during 
)f  fernitiiuuou  and  imttefHCtion , — llic  imti-ffactioii  of 
Ti    fur   exaiiijilcy  funiuihuig  triiuethylin,  cclijriia,  snd 

^^  The  following  order  will  be  oliserv^wl  in  the  ilcbcriptioii 
tic  organic  bases  as,  (ram  tliejr  important  applications, 
>>j£  ti[>oit  othur  groupK,  or  from  thu  mode  of  their  fomoo. 
mutt  wurthy  of  notice: — 

A.  Artijidal  Ba$et. 

which  do  not  rontain  oxygen  : — 
.\uirm(r  scries  (C„Hp^j)H,Nj 

" line  series  (Cb.Hj.^)'"N  ; 

K.liijc  wrics  C,.H^.j,)"'N. 

ohtaiuoi)  bjr  the  actiou  of  ammonia  on  derivatives  of 

dmT4>H  froRi  phosphtircttcd  hydrogen. 
Jomic  Im&cs. 
obtatoed   by   the  action   of  ammiMiia   upon  cert^n 

B.  \aiurat  Raata. 

Tblatilc  oily  hncce  destitute  of  oxygmi : — 
r  Coaylia ; — Nicutylia ; — Spartcia. 
hues  : — 

from  the  cinchouas ; 
from  opium; 
from  |)e|>per; 
from  the  strychnoe  tribe ; 
less  kiuinti  ba&es; 
ic  Olid  ThtoUromiuo. 


A.  ARTiricuL  Baskh. 

l.    Fofa/Ue  Bates  wAich  do  not  contain  Orygen. 

a.  Aniline  Serifi  {C,Jl^.yii;!i. 

i.va.t>E,  Ki/anol,  Phrn^lamitK^  Phcnyiia,  CryaiaHint, 

_    (C„HJJ  =  C„U,,U,N=93)  ;  Sp.gr.o/ti.iuidioiO: 

'*3io  ;  Boiling  pl-^6cf — This  rLMuurkablc  base  may  be 

a  Kvend  Miurcca,  and  by  a  variety  of  reaotiona : — 

Idtwnnd  in  srimII  iiuaulity  among  the  |»rodacbi  of  the 

Uatkui  uf  coal  id  the  procesH  of  goa-makiog. 


3.  Kitrolicnxol  in  cnnrrru-d  by  IiydnMuliiltate  of  atatoonta 
Hnilino  and  water,  uhiUt  «ulpliur  is  deposited  : — 

C»H,NO,+3H,S,=C,,lI,.H,N4-2lf,0.+3S,. 

A  simtlnr  r«(liiction  Uk<»  place  under  the  influcni^e  ol  ft  mill 
of  zinc  and  hyclrocliloric  acid,  or  uf  protacctatc  of  iroii.     In 
latter  case  much  of  the  siiilinc  comc»  over  ia  tli«  form  of  accUb- 1 
I'hc  pnittv  mftx«  wbieti  in  llio  n^iilt  of  the  reatstioii  is  beat  distilled  bf 
tbe  heat  of  a  bath  t-tmUiuiiig  a  concentrated  solutiou  of  clilorii 
of  calcium.      Aniline  is  uow  manufactured  hy  thuec  Dicthod« 
largv  BCttle  for  tbe  dyer. 

3.  It  is  also  furuished  by  the  diiitillatioii,  with  lime,  of  1 
toluol,  or  of  ita  mctamcridce,  valicytamiilc  aud  aiitkranilic 
of  whicli  DulMUnces  furnish  aniline  and  carbonic  aeid  ;  thu»i 

XilnH/iIiMl.  AoIUbCl 

The  product  from  salicj'Iainide  ia  alwavs  acconapauied  by 
ii-id  (HO.CJl.O). 

4.  One  of  the  methods  bj   nliich  anitiuc  ia  easily 
corisivt»    ill    mixing    (incly-|)on-dered   iiidi|;o   with   u   concent: 
eolution  of  hydrate  of  potash,  aud  Buboiittiiig  it  to  distillotit* : 
the  maas  evelU  ii|>  greatly,  and  water  holding  ammonia  iu 
tiou  pBMca  OTcrj  m'conipaiitod  by  sniliitv  in  the  form  of  »  brow 
oil.     Thia  oil,  nhen  re-distilk-d,  furiiiaheB  pure  aniline,  amou 
to  neairly  one  fifth  of  the  weight  of  the  iudi^, 

litis  baac  is  a  coIourk-»s,  limpid  liquid,  of  an  agreeable  rinoui 
odour  and  an  aromatic  buruing  taste.  It  in  Fcry  acrid  aud  pei 
80[iou».  Aniline  remains  fluid  at  —4°.  Wheu  dropped  npoi 
paper  it  produces  a  grca«y  stiiin,  which,  owing  to  the  Tolatility  a 
the  base,  speedily  disappeara.  Aniline  is  a  non-eonductor  of  cl» 
tricity  ;  it  refmcls  light  poncrfully.  When  exposed  to  the  air  i 
abaorbs  oxygen  rapiilly,  and  bccDincs  converted  iuto  a  bruv^ 
resinous  mitf »  ;  it  i»,  thcrefurc,  iieoeasary  to  distil  it  in  a  current  ( 
hydroKCii,  or  of  carbonic  acid.  It  alao  distiU  over  easily  aloug  vit 
the  vapour  of  wntcr,  irbcn  solutions  of  ita  salu  ai-e  niixtxl  with  $ 
excCJts  of  potash  aud  Enbrailted  to  di«tillatioa.  Auiline  ia  hcant 
that)  water,  iu  which  it  i»  uilublrr  to  a  cuiiBiderableeitctit  ;  but  Ol 
aaturatiug  the  liquid  nitli  ccrtuu  salts',  such  as  chloritli;  uf  sadiui 
or  sulphate  of  maguevin,  the  aniiiuc  is  separated.  Auilin« 
i|ttle  or  no  actiou  ou  test  papiTs  ;  it  may  lie  dissolved  in  unliiui 
qaanlity  by  nkoliol,  ether,  and  wood  spiriL 

AIo»t  of  (he   salts  of  aniline  crystallite   readily.      Tli 
ftjJouricsa,  but  if  expose*  to  rticaw  ^\a\s  \»o\&t,jtbcy  become 


A)(ILI>fE. 


4.M)^ 


hf  flanged  into  a  solution  of  anv  of 
litus  hu  iutcD^c  yellow  colour.      If  nil 
.  of  ftiiilinc  Ik;  tniiinl  with  a  solution  ot' 
iblut  colour  is  prodnoed,  wliich  jiradiialljr 
AA'itli  chromic  scid  tliese  salts  Mrike  a 
ek  fi-jluur,  acconliug  to  the  degree  of  coo- 
L*     Aniline  ]in>lu<:eii  a  nbiti;  precipitate 
ive  sublimate,  aud  a  green  ci^'stalliiie  pre- 


I 


tltwd  frotn  anitiM  ■  bMntifiil  purple  poloar,  aaw 

idyt<-6hiff,  KiriiiK  nhiit  kcou'ii  in  J/uiirf.    In  utlIcf  td 

ttmi-'til  jVrH-i,  Juiin  Nth,  i!(6i  J  n^uiTnliMit  |iropoTtiociii 

at»d  incluvuuitv  of  potub  to  be  brou^lit  into  tolulivu, 

I  Rlnnd  until  llie  rrartioo  in  complete.    Thr  blark  pir- 

Upon  n  filtiT  lill  free  from  *alpha(e  or  potuh,    li  ia  lorn 

^<1  in  cool  iiaulilbs,  no  loDg  aa  ii  talcd  up  onj  brown  nolunr. 

diwoKird  in  ■Iroliol,  and  an  oraporauou  it  left  lolirnVily 

»le  IB  but  si<(triD){ly  soluble  in  cold  wnlrr,  to  vhkb  a 

J  cdonr.    Hot  itotcr,  and  vrat«r  *l>ghtly  ucidulnu-d,  dis- 

^kaltM  preripitate  it.    With  corroaire  RtililiniBte  snit 

la  inaolabifl  blu«  or  purple  coinpoim<4s.     Ovl  of  ritriol 

pliurto  and  dia*ol*p  it,  ronning  a  ilirty  ftreen  aolulioii. 

oo  (lilulMn,  ami  aa  furtlii.''r  dilutiou  rviunica  ita  original 

Initric  and  dntroya  it,  u  kIh  do<«  clilomc  ;  concootratcil 

'of  r   '■^-''  ''(^  noi' decotupoM  it. 

hI  wi:  :•'  orii^ad  anil  •nJplitinc add, •oilinc  furuiitliiin  a. 

,.  .!.•.  D.  I'ric*  hai*  partrd  raniri«. 

I  a  otiodirr  citrrmrlr  bMUtifu)  ooloiiriiig  matter, 

i.:.^  frus)  auilii)«.    It  nuliydroua  IwclilonJe  of  tiu  be 

I  of  unitine.  ibr  l<ru  bodiet combine.    Tbc  iioitj  auna 

K'^l'^b''  ■''"■'"»  all  the  time.    It  betMnoB  brown, 

3|t  poiat  altiMMt  black,  but  it  i*  of  a  rieK  crimaon  trKca 
Tbe  trrapmiuro  i»  Irpt  up  for  oome  timi>.    It  ta  tlien 
quiuility  i>r  Hat^Ti  wbieti  ^^iliinlly  diatfolve*  out  tbi- 
^liw  tin  aa  a  protoimlt.      On  Batnirnting  the  aalution 
{  matter  in  ae^arated  aa  a  maai  of  pit«hy  con- 
from  aillirnuK   rt.-»in  by  Rii-*nii  of  bonioi. 
n«bl<>  oudisin);  (wvtor — aneh  a«  rtirroiiv*  eubllmate, 
trr<*"<B  acid,  Ao. — may  bo  Nubiiitulei)  furbiublorideor  tia 
[or  rucbsine.     Fucluin«',  accordiuK  to  Pcrkio,  it  as  organic 
nnr^d   ttom  bicJiIoridi.' of  tin,  in  obtaiucd  iu  the  Ibrmofl 
|i,  jjL'i  ?  Bti^hittnpl,  an^l  from  nilrnte  orn)(*roury  in  ilia),  ot] 
prL-cipitutr-*  rtii'iiHJne  from  it*  «alt«  aaabulky  rvd  poniler. 
"ri«-)iloric  or  Buluburif  adJ,  fdrinin^  a  tirv>niiI»li.]i'Ur(«- 
aiTtm<3uia  prrcipitatra  the  'lyi!  rnialUTpd.     Kki-'chi  o(  the 
;lM>tu(^>  fonniui:  aetrly  ei^luurlcsa  li<|iiidr< :  it  it  i>ut  aiMiiuKly 
tj^-rat^'ly  f^'loblv  in  ntroliol,  iniKiliiblti  in  vtbor  anil  tf^dru- 
.    («>liilion  when  eTaporatcd  leavei  it  in  filma  which 
■.•aiitil'iit  goldra  inri'ti  mctnllic  reflection.  | 

ivra  »*  Ifl*"  ^  Pari*,  liaa  aJho  Ik-cu  obtainrd  by  BClin)(  ' 
f ^Ui ix>raturrt  with  biukloriilr  of  tin  in  rltned  ?«'*>irU. 
w  fiy''*  firo™  (brir  aqurotia  but  not  arnlulatrd  fulutioni 
rt.  of  I30"'  to  uo".     P«rim:  uses  hmnin  aa  a  mordant  j 
,^   ^,,i(4n  and  ralicoo*,  Vtirkinx  in  avitl  lolutioixvf  tb«| 
.  >  Hutc  may  al#0'  bo  uipd  at  a  mordaiK-    In  cnliucwl 
V  iniscJ  mill  ftlbumm,  wliiuh  by  caagulatioul 
^jj^^uT  c«  tic  fibre. 
a  o 
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ciintate  in  ooc  of  cMoride  of  copper.     Both  |)rectpitates  coot^J 
aniline  iu  ronibinHtioii  with  tJic  metallic  cbloriitus.  V 

When  II  solution  of  bydrochlorate  of  auiliue  is  mixed  with  one 
of  nitrite  of  silver,  nilrogcn  f*capc8  in  sbaiidancc,  whilrt  raHjolic 
a<;i(l  lit  Kepnratcil  iu  oily  draps ;  tliia  de(»mpc»itiuti  is  due  lo  tbb 
reaciioii  uf  nitrous  acid  on  uuiliiie  : — ■  fl 

AnUlo*  Cm^aIIh  add.  H 

-i  C„H jN  +  3  NOj  =  2  (llO,C,jUjOJ  +  3  N,  +  H,0,        I 

Aniline  nct«  powurfully  U|x)n  tbe  liydriodic  ethei«  of  the  ^| 
fcrent  alruliols,  lu  the  luaDDCr  already  ei.p1aiucd  (1037),  and  yiefl 
deriTcd  bases,  such  aa  ethylnnilinc  [(C4iI;^Ci,n„ll)NJ.  SVhH 
mixed  with  the  oxyclilorideaj  or  with  the  auhydridcs,  of  the  oi^gnifl 
acida,  aniline  yields  oompoimda  which  correspond  with  the  aiuidfl 
With  acetic  oxychloride,  for  instance,  it  produces  acetauilide,  i^| 
liydroclilorau  of  aniline  : —  H 

^                 j~  ■    -»               Atillliu,            p    U  fA  1        Drilr'KbkiratFaf  mIBml      ^M 
■  n  II   O  ■)  • ' ■  •  "s"2l  , ■ 

I  CI     j ""  *  '^"""'^'  =  *^'«"^       N+C„HjN.KCI.        ■ 

Aiiiliue  forms  anilidntcd  acids,  anilides,  diaDilides,  and  anflfl 
The  anilcs  correspond  to  the  imidcs  of  tlic  ammonia  group ;  iliS 
cotitain  the  clempntN  of  I  molecule  of  a  hydrate  of  a  dihanic  acid  aj 
1  of  auiliiic,  iniiiuH  water,  in  the  proportion  of  2  H^O,.  The  mfl 
lidated  acidn,  which  corrc«ipoitil  to  the  nmidatcd  acids,  are  fomH 
from  1  molfcnle  of  a  dibasic  acid  and  1  of  aniline,  with  the  MfH 
ration  of  2  H^O^.  'llic  compounds  enumerated  iu  the  folh>«^| 
)i»t  aSbrd  examples  of  each  of  these  classes  of  sobstancca : —     H 

Anitidet,  H 

Fonuaiiilidc C„H^,HN,C»  HO,  ■ 

Acctanilide C,jH„HN,C,  n,0,  ■ 

Benmuilide C„H,,HX,C,.H,0,  ■ 

Ciunamauilide Ci,H^U>',C,,H.O^  H 

Dianilidei.  ^| 

.OxanUidc {C,3HJ„,H,Nj,C,0,  ■ 

Suceinanilide.       ....     {C,Jlj)j,HjXj,C,H,0,  ■ 

Subcrauilidc (C,',Hj),.H,N^C„H„0,.  ■ 

Aailidated  Aeidt.  H 

Sulphnnilic  acid    ...     .     HO,C„If,.HN*,S,0j  I 

Osanilic  acid HO,C„Hj.IIN,C^Oj  ■ 

Succinanilic  acid  ....      HO,C„Hj,HN',CgH,0»  H 

Csniphorauilic  acid    .     .     .    UQP^U..^lIN,Ca„H„0,.  H 
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.dniiea. 

i C„n,N,C,H.O. 

ulc C„HjN,C^I!„0,. 

(CuHj,im,C,H,0^  tatty  be  taken  m  tbc  repre- 

ciUsB  of  anitidec.  It  U  easily  prvparMl  bj-  «cting 
h  oxycbluridc  of  HCctr],  nhich  is  to  be  added  drop 
inilinc  a«  long  its  dewiiiiptraitiwii  iTitsucs.  Jlvdro- 
ne  is  formed,  aud  miij  b«  remuvcd  by  wathing  the 
Iter  :  acctauitide  rcmaiaa  iu  tbc  form  of  a  yi-llon-i»h 

Tvainuid  nppraraiice  wbtcli  mtiy  Ijc  ubtuiiiu)  in 
tnt  pmmstio  cr^slala,  by  diesolviug  it  in  hat  water 
e  lM(ui(l  to  cool ;  alcohol  and  ether  also  dissolve  il. 
^6,  and  iKilidititM  to  a  cryttalline  mose,  on  cooling. 
tillei]  wittuiut  deoompoNtiou.  'When  fused  with 
ft  lilKrated. 

sliiiii-s  directly  irith  cyano^i,  aud  forms  n  fcoble 
aniline  (C,jH,Nj),  which  is  easilj  oliUioed  by  trnns- 
TOl  of  cj-auogen  iu  excess  through  a  solution  of 
i>t  i  it  coDtains  tbc  elcmeutft  of  t  equivalent  of 
of  cyanogci).  It  may  be  procured  in  beautiful 
jfvtal*  by  recrystallizarion  from  hot  al(x>liol :  when 
U  it  U  very  uuatable. 

eaiu'lcabl«  as  yielding  compounds  pouC8»cd  of  basic 

i  portions  of  thR  hydrogen  nre  displaced  by  chlorine 

Tbc  Rm  two  of  ihe«c  cunipouuds  arc  heat  obtuiuvd 

cblori»atin  and  dichloii^atio,  by  meaoe  of  hydrate 
7).  TrichlDraniliiie  i»  procured  by  acting  upob 
tj  of  chloriDti,  which  oonvcrb*  the  auUiau  at  first 
00iD[K)uad,  and  then  into  a   sticky  tar-likc  mass ; 

ricblorojihenic  arid  {UOjC^ILjCljO)  is  formed  at 
but  the  trichlurauitine  may  be  obiaiued  iu  a  statu 

istilliug  the  mixture   vith  a  solution  of  potash, 
Ebc  acid,  while  trichloraniline  parses  over  and  is 
licttte  tuples. 
(C|,B^Cl,HjN')  ia  a  weaker   base  than  aniline, 

tn  white,  fnsibte,  volatilizalile,  rrystalline  needles  : 
strong  disposition  to  cryatuUiec  ;  aud,  like  those 

impart  a  yellow  colour  to  a  slip  of  deal.  Dichlo' 
n^)  ia  atill  leas  Ijasic  in  its  cliamcter«  than  the 
;  and  Iricfiloraniline  (C,jH^CIj,N)  is  a  very 
eOfUfiottnd,  which  n  entirely  devoid  of  basic 
oomraponding  compouud;  with  bromine,  \n 
a  G  3 
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general    jiropertlca  clo«ely   reaemlile    the   chtorinatcil 
uuilitic. 

The  action  of  cliloriiii;  in  these  cases  is  very  interefftiiig : 
although  the  intTiMliictioii  of  a  single  equivalent  of  ihis  body  into 
the  composition  of  aniline  docs  not  destroy  the  basic  chtmcter, 
yet  the  electro- nr^tirc  power  of  chlorine  is  exhibiteil  iti  ibe 
dimitnitioii  of  the  hanic  eiiorgy  pofHCtuief!  hy  the  new  gronp,  » 
compared  with  that  of  aniline ;  each  aucccasive  addition  of  chloriu 
ucakcniog  the  basic  projicrty,  tintit  it  disappears  altogetli«r  ia 
trichloranilinc- 

llofmaDD,  by  whom  these  basea  vere  diacoTered,  has  alio 
succeeded,  in  conjunction  vitb  Mni-pratt,  iu  preparing  a  yeJlo* 
crvHtallinc  cumjiouud  wLiuli  fuses  at  226^,  and  may  he  snblinicd 
unaltered.  This  substance  is  tcnucd  n  nUraniiine^  CijH^NO, 
II,N  ;  it  is  procured  by  the  reduction  of  diuitro-bcniiol  by  niou 
of  hydrosulphatu  of  ammonia.  This  Ixidy  aleo  formf  salta  villi 
acida ;  it  contains  an  equivalent  of  peroxide  of  nitrogen  iii  the 
place  of  an  atom  of  hydrogen.  Its  basic  properties  are,  hoverer, 
very  feeble.  A  mctamcric  cryRtaUinc  form,  j3  nilraniiinr  fusing  tt 
3SCi°,  was  discovered  by  Arjipe  :  it  is  a  product  of  the  decootj 
tjon  of  the  uitrajiilc  of  pyrotartarie  acid. 

Ilofmaim  rrprcRcnts  anibnc  as  phenytia,  or  a  derivatii-e  of 
mouia,  in  wtiich  1  ntoni  uf  hydro^'n  is  diaplaccd  by  it!>  cquivi 
of  a  hydrocarbon  Cj^  11„  termed  phenyl ;  and  it  ia  a  portioa  oT 
the  hydrogcti  of  the  phenyl  ubich  ia  displaced,  hy  chloriiir, 
bnimiiie,  or  peroxide  of  iiitrogi-ii,  in  the  above-mentioned  8ul»i>- 
tution-producta.  Neither  phenyl  nor  ita  iodide  have  as  yet  beet 
isolated  ;  but  «iiiliiie  i>i»y  be  procured  by  heating  hydrated  carbolic 
(pheoic)  avid  in  a  sealed  tube  with  ammooia: — 


J 


rhmtcHll 


AnlllfiT 


HO,C„H,0  +  H,N=  Hp,+C„H.,H^. 


{1186)  Several  other  oily  bases  have  been  dincovered,  hoi 
g0U5  with  auiline;  they  form  a  scries,  each  member  of 
diOm  from  the  succeeding  one  in  contfliuiiig  one  equivalent  roOif 
of  tho  hydrocarlroii  [C,Hg).  Tbe  bases  of  this  class  may  be 
obtaiucd  froxa  a  ecrica  of  hydrocarbons,  of  the  form  (C^H,,.*!- 
These  hydrocarbona  when  treated  with  nitric  aeid  yield  subntitii* 
tion-compouods,  iu  which  one  atom  of  hydrogen  ia  displaced  bf 
one  of  peroxide  of  nitrogen  (NOJ  ;  and  from  this  nitro-oompoutiJi 
the  corresponding  base  may  be  obtained  by  Zinln's  process  vitk 
ii.rJrosuJphatc  of  ammonMi,— ^  ttoxa*  q1  ot.'s^jju  being  removed. 


rVltlDCNB    BAHM. 

,  of  bjrdrogeii  are  introdaced  into  tlie  ooropDunit 


C,,U,  I  Nitrotoiuol 


C.,U.  NO,  Amlinfl    .     C„n,  N 


..    .  -    C,.H,NO,  Tolujli*       -„-,- 

.     P„H,„  Sitroiyid.     .     .     C|,U,  NO,  XylylU  -     C„tInN 
L.     C,»Uu. Niirocumol     .     .     UuUuNO,  Cuminyli*  C^HuN 


0«U„lNiUo*7lMl 


CwB„NO,ICrmuirliB.  Cs.H„N 


of  tlic  aniline  sories  b«long  to  the  <;Ia»  of  ami- 
(1190],  I  atom  of  liydroi;ei)  having  bccti  displaced 
_      *rU>a9,  C,jH(,C,JI.,Ci4H,,  ike.,  Imt  they  still  retain 
<H  bTilrogcn  in   a   form  ttu.ic^ptiMt-  of  diftjils cement  \>y 
iber  of  equivaienu  of  the  alcohol  radiclca  [p.  463). 


4.  Pyridine  Baus  (Cj.H,^)"'N. 

A  scnes  of  ha&es,  however,  eiisto,  each  member  of 
Btamcric  with  oiic  of  tlioHe  belonpng  to  the  aniline 
'  in  the  alkaloids  of  thi»  clas»,  ooue  of  the  hydrogea 
iplitM-'ment  hj"  the  alcohol  radicles;  consequently  they 
led  n»  belonging  to  Hofinann's  subdivision  of  nitrile 
p).  Thvy  boil  at  a  lower  temperature  than  the  corre- 
of  the  aiiiliuv  series.  These  compouiKU  have  boeu 
inrestignted  hy  Anderson,  and  by  (ireville  WilJiaiuB. 
riKsbi'd  by  the  destructive  dietillation  of  a  bituminous 
Oorseldliire ;  and  many  of  thoui  are  also  contaiucd  iii 
of  the  (liBlillation  of  hoiies,  and  of  pit-coal.  Tlic 
lie  c&bibits  the  itietauicric  pairs  of  the  aniliuo  and 
JtifM; — 


1          Jbuiiac  scries. 

Pyridine  leriea. 

I  «f  ISl. 

Mm. 

point. 
'V. 

Wiiliiiimii    . 
Koiliiu^    .     . 

Boluylia .    . 

3«» 

foKo 
0*533 

PjrrtJine 

Lutidiaa 
Collidia» 
Parrohn)? 
L'u  known 

»4a 

310 
3Sfi 

0561 
0946 
0-944 

3-93 
3»39 

of  the  (lyridine  ecrica  com^poud   to  nintiioata  in 
^  atums  of    hydrogen  have   been   displaced  My  i  atom 
nrliou,  aut'h  OS  \(^^\i^'"  or  (C^H-)'";  each  of  iLestJ 
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hydrocarbons  constitutes  a  triahmc  group,  corre»poDcJiiig  to  three 
atoms  of  liydrogcn:  none  of  the  k^drogcn  in  these  hfdrocAi^iis 
,  admits  of  disjtlaoonH'nt  liy  tlic  alcoliol  rndiclcs,  but  Anilonati  has 
suooeeded  iu  obtniuiug  from  the  pyridine  scriot  »oDke  reniarkahlc 
boMS  into  tlie  oompositioa  of  which  {ilatinum  enters.  TheM  bftM* 
h&vK  tlie  olosi'Bt  conncxiou  with  those  obtained  by  the  action  of 
ammonia  on  the  chlorides  of  platinum  (828).  Tbe  two  i>lat)iiuo 
bases  from  pyridine  arc: — 

Platiuopyridine   =   {C,,,HjPt)"'N,  or  [C^H,  (f  pt)J'"N'. 
Platowpyridine   =    (OjdilsPt^)'"^. 

In  the  6rst  of  thesp  compnundit  two  atom»  of  Eirdrogcn  in  dii 
hydrocarbon  O^^M^.  have  been  displaced  by  otk  atom  of  pbtiDuni, 
whicli  here  pcrforni*  the  function  assigned  by  Gerhardt  to  ptatttu- 
ettm  (pt,  eq.  49,  see  uote  to  §  828) ;  whilst  in  the  second  compoued 
tlie  two  atoms  of  hydrogen  are  displaced  by  tujo  aUtms  of  pliitinusii 
the  metal  here  disehargitig  the  function  assigned  to  it  by  Qechardt 
as  ptadnosum  (pt,,  eq.  98).  Ficoline  yields  similar  compounds  with 
platinum. 

When  the  alkalvids  of  the  pyridine  group  arc  treated  with 
iodide  of  ethyl,  coinpnuiuls  an-  formed  hchmgitig  to  the  class  Of 
Mnmouium  bast-s  {1  lyo).  Andi-rsou  has  thus  obiaiued  iodide  of 
etht/lopyridium  [(C,5H,}"'CtH^N,I]  and  iodide  of  rthyhpicvHtim 
[(e,JI;)"'C,M,N,l].  The  liydnited  oxides,  procured  by  acting 
upon  these  compounds  with  uside  of  ailver,  are  not  rolatilc, 
arc  strongly  basic. 

Pyri>lmt  ((C„,II,)"'N  =  ;9]  :  !?p.  gr.  of  liquid  0-98585 
vapour  2*92 ;  BoiUng  pt.  242°. — This  lift*e  is  a  colourlesH  oil  with 
a  pungent  r^mell,  it  is  soluble  in  water  in  all  proportions.  It  pre> 
eipitntes  the  oxides  of  iron,  zinc,  manganese,  and  aluminnm  fitwa 
their  salts,  and  forms  a  blue  »ohition  with  the  salts  of  oo]i|N!r 
vhea  added  in  cicesa.  Its  simple  salts  crystallize  willi  difficulty, 
but  many  of  its  double  salts— particularly  the  double  chlorides  of 
platinum,  of  gold,  and  of  copper — form  vrell-detined  crj'^tnU  with 
facility.  Pyridine  may  be  extracted  from  Dipptl't  oil  (a  product 
of  the  destructive  diatitlatiou  of  bones)  by  treating  it  with  hydro* 
chloric  acid,  and  distilling  the  hydruehloric  solution  with  Lime. 
The  Tolatile  bases  which  oome  over  are  submitted  to  fractionated 
distillation,  collecting  Miparately  those  parts  which  come  orer  at 
about  1^0". 

Picoline  [(C,jH.)"'N=93]  ;  Sp.  ffr.  of  tiyvid  o-^^^  ;  ofvaponT 
3"29;  Boiling  pt.  37j^. — This  liase  is  the  one  best  kuowu  of  tlie 
»erjea  to  vhicU  it  belongs.     It  vs  \axully  extracted  from  ooal  tu: 


tiag 
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Opel's  oil  by  a  prooe^  similar  to  that  enpliiveil 

Iccting  sqarntdv  tlio^c  portions  or  ibc  di»)tiUatCttltich 

'  at  ahuiit  570"*,      Pioolitte  ii  iiUo  obtnittcd  wlicn  pipeline 

Ji^tilltid  witb  h;c1nite  of  potasli.     Pic»linc  is  n  colour 

mnbilc,  oil/  liquid,  of  a  penetrating  odour.     It  h 

Jatilixefl  b^  cxpoeurc   to   tbc  air,   and  it  docs  not,   like 

■come   brown  uudiT  tlicac  circnm<itaiices.     Ily  this  fact, 

by  its  lower  boiling  point  and  smaller  dcn^itv,  piculim- 

di«t>itgui«liciirrom  aniline.      Picolinc  is  soluble  in  water 

pdrHons.      It  ia  not  ooloured  tioIdc  hy  cbloride  of  lim^^ 

i  allbctefl  by  the  additioa  of  clirumic  acid  to  it«  solution^l 

of    picolinc  cryttftUizc  »itli    tlifficuUy,  and   many  of' 

ftciiqueaoent.      Tbe    hydrooblorate   forniS    dc]i<)iieBCcu^y 

jkoH»te  (C.ir^jXj :  Sp.  gr.  of  tiquul  ro?;).— The  effect  of 
ie&tine  fur  wvenJ  hours  witb  from  4th  to  -fth  of  ita  weight 
D  is  rcmarkaUe.      A  bani,  dark-bruwu  resinous  mau  is 
•bich,  when   fnxd   from  the    excew    of  Bodium,  and 
|1«  watiir,  iii  gradually  decompnKed.      Aii  alkaline   lt(|UT(l 
■d  contaiuing  soda  Hud  unebau>.i3d  picoline,  and  a  visciil 
vrcd  oily  base  collects  at  the  bottom.      Lf  ttiia  be  naalied 
<i^N'   -liiaillcd    uattt    tbo   tcmpei-ature    rtRvs    to    j!^o°,   tlio^J 
iiie  are  expelled  with  a  little  earbonate  of  ammoniM^^ 
iiuuje;  ibe  diiitilhtion  in  a  current  of  hydrogcu  at  a  tenipera- 
li   niiut   not   be  alloncd    tu  rxct-cd  400",  and  rectify  iu^^ 
Ut  a  second  time  with  Kimilar  preeautions,  n  pale  yclloij^l 
'  bftdc.witb  a  persistent  cbaractcrisltc  cmpyreumatic  otluur, 
id  ;  it  heooiuea  bmwn  by  i-:iposurc  to  air.      Il  is  insoluble 
bat  aoluble  in  alcohol,  ether,  and  the  Used  and  essential     | 
\0x  sulphate  of  copper  it  gives  an  emerald  ;;tccu  precipi. 
Ille  iu  hydrocliloric  acid,  witK  which   ic  forms  a  double 
,  aalts  eabibit  but  little   tendency  to  crystalline.  ■  The 
Hat  of  interest  is  the  fact  that  il  ia  »  polymfride  of 
Ptlviiling  the  cloBcnt  nanlog}'  with  nicotylin.      Owing 
f  with  wliich  it  undergoes  deeompoaition  at  temperatu 
oiling  [juiiit,  it  bat  not  been  practicuble  to  aacertaia  t 
its  vapour,  but  there  can  be  little  doubt  that  tbe  bu: 
aturatiitg  2  equiralent-i  of  an  acid,  and  that  a  quatitiC 
by  the  formula  given  above  would  yield  4  vQinmes 
10  attempts  mmle  by  Andorson   to   reconvert  [wra- 
ii-otine  were  ummci-csisful.     {Edinb.  PhU.  TranM., 
Boili  pioolioe  and  purapieolioc  are  isomeric  with  aniline. 


AkriricLiL  UAsn — qvinoliss. 

c.  QtiiNoiiiie  Sfriet  of  Bates ,  tC,,H,^,i)"'N. 

(1188)  lu  addition  to  the  membcrtof  the  atilliiit 
series,  coftl  tar  coiualns  a  third  scrir»  of  haws  of  wt  . 
vr.  tite  moMt  important   member.     Three  hvac*  of  tbU 
present  knoum,  viz. : — 


-■ 

ihiniii 

■pwdidtaBiD^ 

'•r. 

U^ld. 

T^-« 

Qiiinoliiie  .    ■ 
CryptiJiao 

(c„H,  rs 
(cIh;  -"n 

462- 

1-081 
1*079 

^5> 

Thejr  combine  vitb   the  hydriodic  ethers,  siut  form 
(-orrcNiKiiiding  to  Rinmouium;  quiaolitic,  fur  iniitance, 
iodide  of  ethyl  an  iodidi-  of  <-/Ay/o-y«U(wW««pi  [(0,^11-)'"  CJ 
Thew  ooiopoimdii,  therefore,  like  those  of  the   pyridial 
beioitg  to  the  cUsx  of  iiitrile  bases. 

QuinoliM    or  Lnkot    [(CiJI,)"'N=ia9]  ;    Sp.  gr, 
I'oSi  ;  of  rapfftr  4519;  Boiling pt.  462°. — This  alkali 
obtained  by  devampmiug  ciucbouia  with  hydrate  of 
rosiuous  maaa  vrliicli  is  M:panitcd  UDiIcr  the  name  of 
during   thi;   prcparntiou   of  the  ««lts  of  ({uiiiiBj  aico   yi 
similar    treatmeat.      Fragments  of  the    hydrate   of 
placed  in  a  tubulated  retort,  raoiatened  with  a  few  drops 
iiiul  povTilcrcd  ciiichoiiiii  is  added  iti  small  quaotitics  at  a 
applyinjg  beat,  the  new  liase   pns&es  o?er,  acconipamcd 
hydrogen;  if  the  product  be  redistilled,  au  aqucoua 
atniiionia  with  portions  of  the  base  pass  over  first,  attd 
jiorlioiis  conaist  uf  ucarly  pure  cjutnoline,  whirh  mnv  be 
anhydrous  by  a  accond  rectificatiou,  after  it  hu  Blood 
days  u]Hn>  chloride  of  calcium. 

Uuinoline  is  a  oolourleas  oil  of  high  refracting  poi 
diF^rcrahle  peiietratiug  odour,  aud  h  hitter  acrid 
iiiniiiK  liquid  at — 4*^.      When  bcatvd  it  biim»  with  • 
When  cx|M«ed   to  the  air  it  becomea  slowly  eon' 
resinous  mass.     If  drop]>eil  upon  paper  it  Inins»  a 
which  iitiickly  disappears.      It  is  dissolved  tpariiigly  •"■ 
it  ia  aolnhle  iu  all  ppoi>ortiou»  id  alcohol,  ether,  «■ 
hinulphidc  or  carbon,  as   well  as  iu  the  fixed  aud 

Tbc  nitmto,  the  oxalate,  ami  the  bichromttf*' ■■■' 

with  fftcihty  ;  nuiiiy  double  «alta  of  quiui)! 

forma  witb  plittiuum,  guld,]a1lailium,andaiiimiuii 

ill  beaatiful  crystals.    The  ptatiuum  salt  U  ncartj  \u<-<j, 
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le    Williams,  by  boiling    i   part  of  qainoline    for    tea 

rith    li  ot  iodide  uf  Hinvl,  cbUiiii»l  n  moss  of  crystaltt 

dlMolvn]  1>¥  Iwiliiig  with  (,  jjnrt*  of  water,  inil  then 

th  excess  of  ammonia  and  ImiU-d   for  aa  hour  :  lie  tliua 

a  resinous  anbttance  wbicb  it  readily  soluble  iu  uloobol, 

*e*  It  «[i1ci)did  blue  dye. 


^ 


^oitl9ine<t  by  (he  actum  of  Ammcitia  upon  Derivatives  oj  the 
Alcokota. 

y)  Allusion  baa  been  already  made  (p-63)  fco  tbe  rrinark- 
iiiw  in  wbicb  tbc  bydroffCQ  in  ammonia  mny  be  displaced 
I  htilrucarbnus  wbicb  are  !iiippo»ed  ti>  fonn  tbe  radicles  of 
t}  and  in  cotisec)iience  of  tbix  kind  of  substitution,  com- 
prodiicod  iu  wbteb  tbe  basic  chaiacter  of  tbe  ammonia 
iin?*crTeil,  and  a  new  Mines  of  highly  iotcreatin;^  imdicH  is 
Tbe  first  bases  of  thU  description  were  procured  by 
>bo  fotrnd  that  wben  tbc  cyanic  etber,  or  iti  polvmt^ride, 
luric  ether  of  any  of  tbe  alcohols,  or  tlie  corresponding 
Ml),  was  dittillud  with  bydnttc  of  potash,  a  volatile  ba»« 
boniulogouu  with  ammonia,  btit  ountaining  the  radicle 
:>1  fx>rn«i>oudiug  to  the  compound  Kubjected  to  distil* 
[exarople : — 

two        +  s(KO.IIO)  =  '^'§'JN       +       2KO,C,04. 

HrttjUa. 

'^A  +  8  (KO.UO)  =  ^''2^  j  N+H.S  +  3  KO.C,0,- 

{PAil.  Trawi.,  1850)  found  shortly  aftcrwanU  that  these 
by  alto  Tie  prodncMl  directly  from  ainmoniii.  by  acting  upon 
iby  (ULiiiiB  of  tbe  bjdriodic  or  tbe  bydruhromic  ether* 
;at  alcohoU.     He  obtained  this  result  by  cncloMng, 
iImI  tube,  a  mixture  of  a  conccntrutcd  alcoholic  aoln- 
liu,  and  the  bromide,  or  the  lodtdo  derivcti  from  tbe 
be   wi'^bcd   (o  examine.     When  this  mta.turu  was 
winio  hours  in  a  natcr-batbj  combination  occurred,  and 
late  or    hydriodale  of   tbe    new  base  was  formet). 
I  iodide  of  etliyl  ia  made  to  uct  upon  a  aolutiou  of  «ta- 
lloviug  cbatige  occurs : — 

HplrihUU 


t>r*Uijt 


U,N>C,H,r  =  ^'][  jx.iu. 


4&8 
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When  the   result  of  this  reaction  is  distiUetl  with  hjrfraie 
potash,  cthylia  is  liberated,  whiUt  irntcr  and  iodide  of  poUwMU 
arc  formed.     Kow,  if  ethylin  \)e  submitted  in  a.  sealed  tube  to  JH 
frctOi  [lortiou  of  iodide  of  ctbrl,  a  ^ecoud  atom  of  lijrdrogru  wd 
be  removed,  and  an  additional  equivalent  of  othrl  will  be  snbtEitut 
for  it,  whilst  the  liydriodate  of  a  new  bane  (diethylia)  ia  formed  :- 

ImlhtA  llrdtUHbt* 


•|}»|N  +  C,H.I  =  f^*^'*»|N,Hlj 


and  if  tlic  bydriodnte  of  dictbyliii  be  stibioitted  to  diatillattoa  vii 
bydratc  of  potash,  dieibyUa  itself  will  be  liberated.     Tbia  haw 
in  its  turn  bo  treated  with  a  fresh  portion  of  iodide  of  ethyl, 
«0  the  t>iird  atom  of  hyrlnjgeii  may  be  dis)iliioed  by  a  third  cqtii 
lent  of  ethyl,  yielding  a  salt  which,  wlicn  distilled  irith 
furnishes  a  third  base,  trictbylia  (CiMj),  N. 

Each  of  the  aleolioU  niny  be  made  to  furniith  boMS  oorRwponJ- 
ing  to  each  of  the  foregoing  ethyl  bnse«;  thua,  by  similar  methodl, 
a  mixture  of  iodide  of  methyl  aiid  ammonia  can  easily  be  made  to 
yield  inethyliii,  dimctbyliu,  and  trimcthylia;  and  from  iodiilc  of 
amyl,  amylia,  dlRinylin,  and  trinniylia  may  be  fonnetl.  ThfW 
bases  are  all  homulu''ou»  irith  ammoniaj  whieli  tliey  cltMcIy  re- 
remblc  in  projicrtics.  Itiit  the  action  of  iodide  of  ethyl  does  ti<it 
eto|)  even  hen;,  for  it  Ih  [Wdsiblc,  by  it»  mentix,  to  obinin  a  fourtli 
scries  of  liaKCS  iionmh)<!ou8  with  the  hypothetical  body  ammonium. 
(Ilofraann,  PAU.  Ti'am.,  1851.)  If,  for  rxaiuple,  a  quantity  of 
irietlivlia  be  hcnteil  in  a  tube  wit.li  :iii  iidditioiial  qiiuiility  ofiudide 
tjf  ethyl,  the  tiro  bodies  enter  into  combination,  and  a  cooipouoJ 
[{CjliJ^N.IJ  analogous  to  iodide  of  amniouium  (H,Nj1]>  ii 
formed  ;  all  the  4  atoms  of  bydrogcu  in  the  ammonium  Lmitij 
been  displaced  by  a  oorrBsponding  number  of  equi\'nlents  uf 
ethyl: —  ,^,j,  r^y, 

(cTiiTx+cjTt  =  (c;igSi- 

The  iodide  thus  obtained  is  a  crystalline  substance.  It  is  not 
aibie  to  obtain  the  bnxe  tetrctliyliiim,  [^'|Hj),  N,  in  a  separate  form; 
since,  like  atnmooium,  il  immediately  uiider^oeii  deeompoailion; 
but  if  the  iodide  be  treated  with  frcnldy  precipitated  oxide  of  ailver, 
dotiblv  decomposition  t-iisuue,  iodide  of  silver  is  formixl,  and  ibo 
hijdrated  bxide  of  tetrethylium  is  libemted  : — 


J 


[i>did*uri«en(l>)tit!ifi. 


oilili-  of  I  itmhj'liDn. 


(dA)^.l+KEO,liO  =  ^ft\-vvC^O^^ollij. 
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It  might  bsTe  been  anticipated  thntj  under  these  drctimetancra, 
oxide  of  tetrethjliuR]  aliould  tiarc  bi:CD  resulvcd  into  tricttijliu  and 
alcohol,  just  as  oxide  of  ammonium  hecoraea  broken  up  into  «m- 
louia  and  water  when  similarly  treated  :  thiu,  since 

n,Xl+A«0,JIO  ywia«  AgI+[{Jo,+  H,Wi  «(>al»o 


Aloihal. 


IVtMlnlla. 


(C.H.).Nl4-Ag0.nO«Umld  becoma  A«I+'^'2' j  0»+<*^*^»)'^i 

at  such  n  not  tfac  caae;  the  new  compound  is  very  st&blc,  and 
evaporation  of  the  solution,  the  hydrate  of  the  new  l>a«e  may 
obtained  in  cmtals,  which,  like  those  of  hydrate  of  potash, 
abwrb  water  and  carbonic  acid  iVonj  the  atmosphere,  and  po^twss 
the  caufttic  action  of  potash,  combined  with  a  bitter  tante  like  that 
of  quiiiia.  This  btuc  forma  the  tyjic  of  a  imnieroiu  class,  which 
are  anatogous  to  it  both  in  coniposition  and  id  properties. 
Hydrated  oxide  of  tetrcthyhum,  in  common  with  many  other* 
like  it,  «uch  a«  the  hydrated  oxidcof  tetramfthylium  [(CjHJ.NO, 
HO],  ia  eufficicntly  powerful  to  saponify  the  oils  and  to  precipi- 
tate the  metallic  oxides  from  their  miUh,  jiitit  ».%  potaj<\\  doea.  It 
fornu  m'stalliiable  RaUs.  Those  ha-oes  differ  in  a  marked  manner 
from  encli  base.t  a»  c-ttiyliii,  dietliylin,  and  triethylia,  all  of  which, 
likr  amiDouia,  nru  volatile  without  decom position.  The  hydrated 
Mide  of  tetrethylinm,  and  others  which  resemble  it,  however, 
cannot  be  vohitilised  without  undergoing  decom|i(»ittoit,  in  which 
case  they  areconvertcd  into  watcr,B  hydrocarbon  homologous  with 
olefiant  gas,  and  n  rohitile  alkali  corresponding  to  trietfayha;  for 
cumple : — ■       ii,d™i^  oi-n™oi 

oDdt  ituttMijVnu.  («.  TrwibjrIU. 

fC.H,).NO,HQ  =  H.0,  +  C^H^  +  (CA)5J- 

Ammonia  is  thus  capable  of  originating  two  classes  of  Imiws, 
nneset  being  volatile,  and  corrcfpundiiig  in  pro|>crtic«  to  aiamonia 
it*e!f ;  the  other  set  fixed,  resembling  hydrate  of  potash  in  pix)- 
jitrtid,  aud  corresjiondiug  to  hydrated  oxide  of  ammonium. 

If  phen If lia  (Cj^Uj.lIjK),  or  aniline,  a«  it  in  commonly  termed, 
be  emfdoyed  instead  of  ammonia,  a  corresponding  terics  of  bases 
DIT  he  obtained  from  it,  in  which  the  two  atoms  of  hydrogen  may 
be  luocessively  displaced  by  one  crjiiivalcnt  of  one  of  the  alcohol 
radicles;  and  finally,  the  compoimd  may  Iw  ctinvcrted  iuto  au 
smmoniuni  base  by  tbc  action  of  auother  atom  of  iodide  of  ethyl ; 

H  ^  K,    beooincs,     when     treated 


ttins  aniUnc  (or  phenylia) 


AStlFtCUL  aA»E»    DEKIVED    PROM    ANILtSC. 


witli  ioiliilc  uf  I'tbyl,  sacccssircly,  i.  ctbyl-plienj-lta  C^  U^  \  N; 

H 


CjjHj 


2.  dicthvl-pliciiylia  C^  1  [ 


N ;  3.  and  Gully,  liyilrated  oiidc  of 


tricthyl-phctivlium   ^•"'^INO.HO. 

Hofmann,  in  the  furtber  mvestignlion  of  tbis  remarkable  mctlM 
of  prcp&Ting  Brtittcial  boscSj  fouud  tbnt  cacli  of  tlic  tliroe  atoin«  < 
liydrogcD   i»   ainiiioiiiii   may  lie  diajilaix^  by   a  different   ofc 
radicle.     Thus  it  is  possible  to  oblairi,  lint,  inetbylta,  by  the  1 
of  iodide  uf  methyl  upon  atniuonia  j  then  by  acting  upou  methj 
witlt  iodide  of  etbyl,  the  compound  methyl •etbylia  (oorrcspondil 
to  diethylia)  is  forracd: — 

n  ft  ^         loilld.0  ofallvL  P  TI  "1 

H    K  +  C^HJ=:C,hJN.HI; 

hJ  hJ 

D.ud  on  distilling  this  liydriodnlcof  mcthyl-cthylia  with  hydrate  cf 
potash,  tliu  new  base  is  lilieratKii.  Now,  if  mctbyl-c-tbylift  bi 
trcalt'd  with  iodide  of  amy),  a  compound  corresponding  totrictbytik 
is  formcrl,  but  contaiuing,  in  the  place  of  the  three  equivaleutsof 
ctbyl,  3  dilTerent  alcohol  radicles,  thus : — 

Ujdnmlilc  lodlilD  llnlhadatr  of 

H  )  C„HJ 

Hofmann  eveu  auccecdcd  in  obtaining  an  aiumouiuoi 
derived  from  auiliue,  coiitaiuiug  4  different  hydrocarbon  radic 
and  to  which  the   unwieldy  name  of  hytlmted  oxide    of  meth] 
ethyl- amy lo-phcuyiium  niiut  be  assigned  : — 

CjH^    1  =  C^H.>'0,I10j  or 

'iflHii  jNO,HO=CjHj,C^Hj,C,(,H,j,C,(H..>')q  ^ 


^'10^11  jNO,HO=CjHj,C^Hj,C,(,H,j,C,(H..>') 

c„H,  )  a    i 


r 


It,  of  course,  will  not  be  overlooked  that  if  the  ordinary 
of  lunnaonia  are  aiippoaed  to  he   oompoimds  of  ammonium, 
MJts  of  ul)  the  bases  demed  (TomamTaoaJik  ou^bt  to  be  couside 
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)m  tbc  same  point  of  view  : — If  liydrioclato  of  ammonia  be  rc- 
irded  as  iodide  of  amRionium,  hydriodatc  of  ctliylia  should  be 

i'nle  of  cthylimn,  and  tlie  composition  and  iionieiidatiire  of  tlie 
thyl  bases  would  be  simply  translated  thus;  uo  hydriodaWs  of 


Uic  ammoniDoi  bases  arc  kiiov¥u  : — 

I       lot 
Hbetwvcu 


{C,H,),     N,HI 


I«didcof«i]>]rUaimi 

lothJr  of  ^i^iKjUuin. 
lodlJf  ortrirlhfllani. 


Ill  tills  work,  however,  for  the  sake  of  marking  the  di»tinetion 
etw(.>cu  the  volatile  and  the  fincrl  hit-ien,  the  tenniiiation  iitm  will 
bo  reBcrretl  for  siinh  ha»!s  as  are  formed  upon  the  type  of  hydraccd 
oxide  of  ammonium. 

An  important  circumtitirnce,  in  rel&tion  to  the  molecular 
constitution  of  ammonia,  was  elicited  in  the  course  of  these  in- 
Tcstigations.     Let    the    three    atoms  of  bydrogei)    in    ammonia 

Aj 
be  represented  by  the  letters  A,  II  and  If;  and  let  H  [N  =  am- 

inonia: — it  might  be  aapposed  that  the  three  different  atoms  of 
hydrogen  A,  H,  and  H,  in  the  molccnlc  of  ammonia,  might  each 
have  a  diScrcnt  function  to  perform  in  the  alkaliue  group.  Sup- 
pow:,  theti,  that  a  derivative  base  verc  formed,  in  which  the 
itom  of  bvdrogeii  k  were  replaced  by  a  radicle  called  X,  forming 

new  base  H  -N ;  the  other  atoms  of  hvdrogcn,  H  and  H,  admit 

'  being  displaced  respectively  by  other  radiclitt,  Y  and  7,.  Sup- 
^poK,  for  example,  that  X  represents  phenyl  {C|,UJ,  Y,  amyl,  and  7,, 
ethyl ;  tiic  questiou  ta,  whether  the  anme  compound  vrill  be  formed 
iudiffcrently  when  amyl  is  sut»titutcd  for  H,  and  ethyl  for  //,  or 
•hcti  ethv)  ]iup[ilie*  the  place  of  H,  and  amyl  of  H.  Whether 
in  feet,  there  will  bo  any  iicrecptible  dillercuceif  the  comiHJund  be 


'obtained  in  the  form  of  Y 


X 

-N;  or  of  Z 

Y 


N.     To  decide  this  point 


llofinann  carefully  conyjared  tbc  properties  of  phenyl-ettvjVwn^Vm 
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(CjjHjiN),  prepared  by  flctJDg  upon  iihcnTl-aiDjrlia  C,aH„-N',r 


posing  phenyl -ethylia  C 


A) 
bromide  of  ethyl  (C^IIsBr).  whicli  would  yield  C,^H„  V  N, 

the  compoaud  plienyl>ethy1-&mylia  C,  H,   X,  formed  by  d«coD 


CnjHji) 


with  bromide  of  amyl  [C,^II„B| 


hut  tlic  two  Bulmtanccs  comported  thcmeclTcs  alike  id  all  res 
The  two  boiHfa  thus  obtahied  arp,  therefore,  not  only  isomeric^ 
but  identical,  ami  the  functions  of  the  txo  atoms  of  hydrogen  H 
and  H  in  ammonia  mast  be  similar.  The  ease,  however,  la  tery 
different  if  alkalies  l>e  compared  together  which  have  the  same 
empirical  formulje,  but  whici]  have  been  produced  by  the  subrti- 
tutioa  of  dissimilar  alcohol  radicle*. 

In  order  to  render  this  evident,  »e  may  take  for  csamplo  the 
liaw;»  of  the  aniline  ncriei  (it86). 

Toluylia  has  ihe  Eame  composition  as  th«  methyl -phenyl  ia 
xylylia  as  ctbjUphcnviiii,  and  cuiuiiiyliH  as  mcthyl-ethyl-pbciiylla. 
These  paim  uf  aubstancea  are,  however,  only  metamerie,  they  an 
not  identical.  Tohiyliu  is  a  fiiMbiecrystalliuc  solid,  which  boils  at 
388^^,  ami  yields  HUblc,  iiparingly  soluble  salts  with  most  of  the 
acida,  including  a  lieautiful  cryatallixable  double  salt  with  biclilofide 
of  platinum.  Methyl-pheiiylia  i»  an  oily  liquid  which  boils  at 
377^;  its  platinum  salt  is  of  a  pale  yellow  colour,  and  begin*  to 
blacken  almost  immediately  after  its  formation :  all  its  salts  are 
(listiiiguisbcd  by  their  solubility,  and  the  fucility  with  which  they 
are  decomposcil, — aniline  being  reproduced ;  wliiUt  toluylia  does 
not  yield  aniline  under  any  known  circumstances.  The  pro{>ortie« 
of  cuminylia  mid  mctkyl-ethyl-phenylia,  though  Ixjth  arc  liquid 
ordinary*  tempm-aturos,  arc  not  less  distinct. 

Furthe-r,  it  is  possible  to  introdtiee  an  eqainlent  of  ethyl  t 
toluylin;  one  of  the  Rtoma  of  hydi-o^n  which  this  b&se  contai 
being  readily  eliminated  when  the  alkali  in  trcat<!d  with  iodide 
ethyl.  The  ethylo-toluylia  thnftobtaineH  is  a  thin)  alkali  iMmertc 
or  mctameric  with  cuminylia,  yet  poasnsed  of  properties  quite  dis- 
tiuct  from  it.  Hence  it  t«  erident  that  three  different  bases  arc 
aJfviidjr  linowu,  all  of  which  possess  the  empirical  formula  C|,HhN  ; 
and  tiiere  is  do  doubt  t\\iiA  \)mdfiftl\v«eet^\n«it  other  bss^  taA 
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kaviDg  the  aarne  eruplncal  formula  and  the  same  combining  eqtii- 
mleiit,  could  readily  be  obtained  ;  yeteaclioftliese  new  bases  would 
HSiffcr  ID  ooastitutiou  frotn  the  foregoing  hwix  and  from  each  other  : 
I  Ihey  would  also  probahly  be  found  to  differ  in  properties,  TJie  first 
of  these  new  bo&cs  (mcthvlo-xylylia)  might  be  formed  by  Kub«titutiu|^ 
ID  atom  of  methyl  for  i  offaydro]|;vnin  sylylia;  thcGCCoiii](diiiictliylo- 
toluylia  would  be  formed  by  substituting  z  equivalenttt  of  iiictbyl  in 
toluylia  for  i  atoois  of  hydrogen;  the  tliird,  tntyl-phcuyiiu,  nould 
be  obtained  byRubtititutiugtrityl  (C^H.),tbc  radicle  of  tritylic  alcohol 
(CjH.OjHO),  for  one  of  the  atom^  of  hydrogen  in  aniline.  The  sii 
base*  mctaincric  with  ctiminylin  woidd  tborcforp  have  the  com- 
ition  which  is  represented  in  tbt-  foUowiiig  tabic  : — 


JCkoteH  lata. 

Cnininflik. 


Dmei  not  yBt/arnviL 

Dioiitlii'ls'tolu^U. 
Trilrl-phsnrlu. 


]" 


IT 


The  niaaaer  iu  which  tgluylia  and  other  bases  not  derived  from 
aloohoU  admit  of  bi-itig  attitckcd  by  tlio  liydriodic  nnd  hydro- 
SBQte  ethen  shows  that  the  action  uf  tliese  ethers  upon  tbc 
:itt  basef  alTorcU  a  most  important  means  of  cxainiEiiiig  aud 
ing  ttiuw  variou:^  ouiiijioniids  ;  and  it  hu.i  bceu  found  to  be 
ajiplicabte  to  organic  bnsoi  both  of  uiLtural  and  artifieinl  origin. 
Within  tbc  few  years  ttiat  have  elapsed  since  Hofaiano  flr»t  sUowtid 
the  applicability  of  thene  reagent*  to  tbtH  purpose,  exteuHtvc  use  has 
been  made  of  them  in  such  csamiiiatiun>t. 

(1190)  fioftnaitn's  Clamficalioa  of  Organic  Haties, — Hofmann 
originally  proposed  to  clnsiiify  the  various  motiatomic  biwcs  which 
taar  be  produced  by  these  methods  of  substitution,  under  the  heads 
of  maid<^eii,  imidot/en,  nitrite  and  ammnniiiiu  bases — a  distinction 
•till  »*cfol,  altliongb  be  hats  nlnce  tenui:d  the  nniidogeu  bones  ^W- 
try  mMtamiaes,  the  imidogen  baecs  Mcondary  monomine/t,  and  the 
haao  trrliary  manamines.  The  basc»,  in  fact,  dififcr  from 
in  the  fact  that  they  contain  the  haxic  radicles  of  tbo 
[Jcohols,  whilst  the  corresponding  amides  (1170  et  seq.]  eontMvv 
lie  iici.1  radicles  ui  the  phce  of  the  bydrogeii  of  the  on^inaX  mo\c- 
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I.      AtnUlogcn    ))iu>v«    nre    titosc  wtiicli    mny   lie 
1  i-'laiuiii^  Iwoalomauf  the  liydrogBU  of  ibiiurigiua) 
I  one  atom  oiily  of  hydrogen  having  been  du^pkocd  hy  a 
DR.      In    the    imidogcn   bo^cs  the  substitution  !i»ii  pro- 
tpfnrtlirr;  one  atomof  tiydra^iiortha  origimi1ainm(inia 
left  ;  trhiUt  in  theoiCrile  bisea  none  of  the  hydrogen  of 
lis  rcrnxm!*.      In  the  ammonium  bitsCA  a  fourth  equivalent 
)n  is  su])enidd<!d,  atul  takes  the  p)ac4:  of  thu  fourth 
'lijdrugea    theoretically  Assigned  to  ammonium.     All  the 
I  bases  while  »<*|>iirutcd  from  their  Kalts  contain  at  leo^t  one 
of  water,  and  they  are  therefore  only  kaavm  in  th(>  forn 
Tlie  tabic  on  the  preceding  page  will  afford  an  illu»tra' 
mode  of  cI»Mtfying  the  difTiTciU  bases  upon  this  principle' 
cttu    be  no  doubt  that  in  certain  cftse»  the  vt^getabW 
I  tJiCT  exi»t    ill    Itie  plant,  are  formed  upoa  the  type 
though  ID  the  present  state  of  oar  knowledge  upon 
't  c  are  far  fmcn  unrranted  in  drawing  the  genend  con- 
fllmt  such  is  their  consiiluttou  in  all  iuatances.     The  two 
mentioned  In  the  tabic,  viz.,  coaylta  and  alcotylia,  arc 
Tolatile  ulkitlies  cuiiLaiiii-d  reipci: lively  in  heinKick  atid 
Ou  treating  conylia  with  iodide  of  methyl,  two  com* 
iirirrv  formed,  the  simpler  of  which  may  he  considered  as  a 
itnci  the  muru  e'>ni plicated  one  a'*  im  ummoitinm  base  ; 
If  being  re«anled  as  an  imidogeii  base  in  which  the 
^rtnip    (C,^1I,J"  bas  displaced    2  atoms  of  hydrogen, 
>tylia  m)isl  l>c  rc^rded  as  a  diatomic  tiitrile  )m»e,  ibrmcil 
:  type  of  i  molecules  of  ammonia,  ia  which  tho  3  atoms 
io  each  atom  of  ammouia  have  been  displaced  by  the 
Peroup  (C.o":)'"- 

MtTUYLiA;  mf%^«mr«e(CiH,N  =  CjHs,njN=3ij:  S/j. 
loS, — Thl»  body  is  gaseous  under  orduiary  drcnni- 
.  but  m»y  )>e  condensed  by  a  freezing  mixture  to  a  very 
^btuid,  which  is  not  solidified  by  exposure  to  a  bath  of  soltd 
ctd   and  ctber.      It  is  colourless,  and  bas  an  ioteusely 
ir  of  aramonia,  and  an  extremely  powerful  alMinc 
nv  ilenw  white  fumes  when  exposed  to  the  vajmitr 
;ifid  ;  but  it  is  distinguished  from  nmmonia  by  it» 
Unmability  ;  it  burns  with   a  yellowisli  livid  tlaiue,  and 
^trtwuir   add,  water,  and  nitregen,  aceumL»3ined,  if  the 
if  be  iii^tithcient,  with  traces  of  cyanogen  or  of  hydro- 
Methylia  it  more  soluble  in  water  than  any  otbur 
at  5^  wnter  di«wlvc4  1 150  times  its  bulk,  forming 
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IMlia,      AmulogftQ    1ia.ic«    nre    tlioiic   irliicti    inny   be 

Jl  rftoiunig  two  atonii  of  thi*  bjdrogcn  of  the  original 

Ooc  alom  tmly  of  h^Tdrogcn  baring  bncn  displaced  by  n 

Jn   tlic    imtdogeii   l>ftsc«  the  t(ii)»titutiuii  !ia»  jtro- 

ifurtlier;  ono  fttoinorhydrogoii  of  the  orifpnal  amraoiiia 

left ;  wliilst  ill  the  nitrile  bases  none  of  Uie  hydrogen  of 

.  remsina.      lu  Ihe  nmntoniani  htuiea  o.  fonrlli  Cfjiiimlvtit 

■rboii  U  8iipera*l(Icil,  aud  takes  the  place  of  thu  fuurili 

iiydw^ca   theoretically  assigned  to  nmnioiiiiini.     All  tlic 

wliilc-  spjMimfcd  from  their  salt*  contain  at  least  ciiu- 

nutr-r,  nnd  Iliey  aro  thcrufure  only  known  in  tin-  funii 

The  tabic  on  the  preceding  page  will  afford  an  illustra- 

!  mode  o  f  classify  in  jf  tlic  diflc-rcnt  biis«>  n|)on  this  jtriiiciplc' 

I  am    be  no  doubt  that  iu  certain  caeca  the  vegetable 

ihcr  cxi^t    iu    the  plant,  arc  formed  apon  the  typt.- 

■ ;  tlmngb  iu  die  pre«eut  mate  of  our  kriowrludj;c  ujioii 

fxt  ire  arc  far  from  varrantcd  in  drawing  the  general  [■nii- 

'Im!  such  ia  tlicir  couMittition  in  all  instanocs.     The  two 

iincd   in   tbe   table,  r'n.,  coiiylia  and  nicotylix,  are 

'lile  alkalies  eoataiucd  respectively  it)  hemlock  ami 

On  trcuting  conylia.  with  iodide  of  methyl,  two  cum' 

'    nicdf  the  simpler  of  which  ruay  tie  considered  as  a 

i  th«  more  complicated  one  as  an  ammonium  buo  ; 

t'  being  regarded  m  an  imidegen  base  in  which  the 

gftiiip    (C^tln)"  has   displaced  2  atoms  of  hydroijen, 

;  atrlia  mu§t  Iw  regarded  as  a  diatomic  nitrile  base,  formol 

of  2  raolecules  of  ammonia,  in  which  the  3  atom* 

each  atom  of  ammoaia  have  beeu  displaocd  by  the 

[rTHTMA  ;  mfrtifftmiiiif  (CjHj>«=CjUj,H,N  =  3i):  Sp, 

loS. — Thid  body  U  gaseous  under  urdiuary  circtim- 

V  may  be  eotidemcd  by  a  freezini;  mixture  to  a  very 

which  U  nut  solidified  by  exposure  to  a  bath  of  tolid 

xnd  ether.      It   in  colouricn*,  and  hiu  an   inteii-ujly 

iur  of  imnioiitn,  nnd  an  extremely  powerful  alkaline 

icing  dcrtfii!  white  fumes  when  csposcd  to  llie  Tapour 

acid  ;  but  it  is  di9tingui»hoc)  from  ammonia  by  it* 

kbility;  it  hams  with  a  ycUuvifth  livid  flame,  and 

titir  xi'i-id,  water,  and  nttrogt-ii,  accoiapatnod,  if  tbc 

fir  W'  iiiroillioiont,  with  traeo  uf  cyanogen  or  of  bydio- 

Nfothylia  is  more  soluble  tn  water  than  any  otke- 

55*  water  dissolvct  r  150  liinca  ito  liulk^ 
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pOtterAillT  alknUne  acJntion  with  a  vaj  pncignit  an 
odour,  atul  a  stmugly  caiuUc  action  upoo  tlie  »liui>  vlwfl 
tlie  klkuli  u  expelled  in  tlio  gwt!OU»  rumi.  SolniiiM  ttm 
mU  upon  wlutiODs  of  the  nieuHio  salta,  u  anuDmni  v 
disBolviiig  tbc  precipiUted  oxidcn  of  zinc,  ulrer,  sod  c>|| 
Uic  l«tt«r  ctt«e  farming  a  dt-cp  liluc  liquid.  The  oiidcH 
miuiu,  of  cobalt,  and  of  niokel,  are  precipiUted  by  netU 
are  uot  rcdissolTod  bv  it.  J 

Wbcn  mctbylia  ia  pa^i'd  tlirougb  a  pom-Uin  lube  II 
rcdncas.it  i«  deooiupo«cd  ;  fajrdrocvanate  of  ntninonta,  toiim 
misturc  of  bydrocyuiic  add,  hydride  uf  metli^'),  and  free  l| 
bcuig  formed ; — 

3  CyJ^  =  H,N,UCjN  +  HC,N  +  C^U  +  3  111 

If  potMuom  be  hentod  tu  gaseoaa  meihylia,  cyaaiitffl 
uum  is  brtned,  and  bydrogeo  t«  liberated  ;  2  C,lIjN  4-b 

Pnpta^um. — Mctli^lia  »  readily  obtminrd  by  di» 
rarctuUy  dried  faydrochlonte  of  the  boM.-  with  twice  ital 
ijuteUiiuc.  Tbc  opcntioQ  abocld  be  pcrfomicd  to  a  !■ 
tlw  b>«rT  half  of  which  is  fiUvd  with  tlic  miatutv,  awl  fl 
half  with  Lydnuc  of  poUfih.  in  onjer  to  dry  tbc  gv  ooM 
may  be  ooUected  in  jart  «Tcr  meiviiry.  Ilyilroctl 
"iBciliylia  in  best  obtained  tor  thu  purpo««  by  distiUio^  cj 
of  mctbyl  wiib  hidrale  of  pota&h  (1011),  aiid  saturatitf  ' 
yniL  hydtocUoric  acid;  tin  rcxitlue  wbun  cnpM 
wtaj  be  dtwolTcd  in  boSisg  abaolutc  aJoolioi,  iM 
I  eoafine  h  ctyiiailiBBS  in  laigc  indaemt  (bliatiad  dd 
oyvUk:  at  ateMperMBn:  m  bttlc  aborr  112°  it  (oit*,  m 
kaalnd  MB  «n  Qfea  *and  H  tdUuUus  in  dowc  white  ilnJ 
■■vy  be  eoMfaaanl  aBchuccd.  This  salt  doe*  not  ■ 
to  thai  of  ■Mmooiam  whcii  dccumpMfl 
baim;  ia  vatOaet  witb  awnauy,  nor  wUea  iu  OOM 
»  M^tid  miA  as  iwalgani  of  fxitaHaniiB.  I 

iirtfcjSi  K  Gksvtie  *  6vi)ticat  product  of  Uie  d»lra 

i  vt  itwnl  Whwawcpi ;  it  is  also  pRM-r--   1 

%Ws  anf  matmal  ilksliBda — «Bch  aa  na-  1 

«JI  'oafaf    Mc  fdCilbd  vitk  k  J 

>!«-«  w#iWM2n«/  «t«liTSa  atv  trr.    ^.....^^  .„  fM 

aa  folka  yrtkiw  acrint  wbk:]!  arr  &I 
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Pby/id  (C,ngN»3C,H^N).— TbU  nlkaji,  irliidi  is  iw- 
;tlli  tntyliiL  (C^IK,  TI,K),  is  found  in  conuilernUe  (luantity 
pw  or  herrinj^.  It  has  %a  estrcmel;  powerful  and  clis> 
k  baby  odour.  Tt  is  aL»o  obtained  hj  dittilling  ergot  of  r/c 
idntc  of  potash  ;  atid  it  imjiartR  to  t)i«  Chenvpodrntn  r.-it/ra> 
peculiar  odour.  Trinictliylia  is  a  very  volatile  liquid,  which 
(about  41",  and  emits  an  mil anim able  vaiioiir  icry  soluble 
todide  of  methyl  immciliatvly  convert*  thi«  baac  into  s 
(*af  cr^fttalft  of  iodide  of  tctmnictbytium. 

tkyUum. — The  iodide  of  thi»  baae  u  tlie  principal  pro- 
by  bcatjng  iodide  of  methyl  ia  cxccw  with  a  solutton 
ria  in  wood  spirit   or   iu   alcohol.      Since  the  iodide  of 
rliutu  ift  sparingly  itoluble  in  cold  water,  it  may  Iw  puri' 
tthe  sccoinjduyiug  brdriodutcs  of  mcthylia,  dimcthylla, 
thylui(   by   cry  stall  ization   from   boiling  water.       ^Nlien 
tb  recently  |ir€cipitaled  oside  of  siUer,  iodide  of  silver 
and  a  bydratcd   oxide  of  tctramctbyliuio  [(CjlIJ^XO, 
in  »uluti(}u  ;  it  may   be  obtained   by  evaporatiuii  in 
sulphuric  acid,  in  cryf^tals  which  sro  doliquesccut,  and 
tbonic  acid,     lt4  salt«  erystalliKe  wrll,  particularly  the 
iicli  fnrmti  long  brilliant  needles.      The  double  chloriilv 
luaiD  nnd  letnimctbylium  (C'„H,^NCI,PtCl,),  crystatliKcs  in  , 

tt  dark  orauge-colourod  octuliedra.  I 

the  bydrali'd  oxide  of  ti-tnimfthyliuiu  is  tn-ated  with  an 
qiutntity  of  iodide  of  methyl,  no  further  combination  of 
|1  with  the  base  occurs ;  but  double  decomposition  cnsue», 
^  of  tvtnunctbyltum   ia   formed,    and   woo<)   spint    is    libc- 

(C,nj,N0.H6+c;,H,.i  s  c^^KO^-(^^,),NJ. 

jl)  KiutLiA,  ori;/Ay/a«'«e(C.EI.X=C,Hj,II,N=45);  S/i. 

'  0'6v*S  1  ofeapour  rj94i   BoUiHg  pl.6^'6. — Tliishnisc 

IS  luIatiJo,  nioSilcculourlcas  liquid,  which  emits  an  iiiflani* 

lar  of  a  pimgeiit  ammoniacal  odour.     It  ia  miHcibte 

in  nil  proportiyns,  Wtj  by  prolonged  boiliii};,  the  whole 

lirlia  may  W  espelU-d.      Elhytia  produces   r(»ult«   viitU 

,  of  metaJlic  nalts  Tery  similar  to  those  of  mcthylia,  from 

it  may  be  di sting uii^bcd  by  the  ponc-r  i>o»«xsixl 

.  , I'olving  nx'cntly  precipitated  alumina.      Wiirtz  liaa 

LlO  talte  adranlagc  of  this  property  as  a  tneau*  of  tcja- 
unina  from  oxide  of  iron,  in  the  operatiuna  of  anidyai<<. 
|i»)ilares    ammonia    from    its    aalts  if   craporatod    ttitli 

1  S  a  ?  _^^^^  _ 
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It  yields  dense  white  fuincti  with  vapours  of  hj-droclilorifl 


Elhftin  mny  be  prc|*iirC4l  in  u  manner  •imilar  to  tliat  dimrtnl 
for  mctliylia,  hy  acting  ii|hou  cjrauic  or  n'aunric  ether  with  tij-draic 
of  pota»-b.  It  way  also  be  oblaiued  by  acting  upou  iodide  ot, 
etliyl  willi  ammonia,  in  «hicli  ca^c  liyilriotlalc  of  rtbylia 
formed ;  tbn  Milts  of  etliylia  <\a  not  gcuerully  cryataUixe  nil 
lacibty ;  tliey  arc  soluble  in  water  and  in  alcolioi.  Tbe  bydt 
chlorate  forms  colDurl««  plates,  wlticb  arc  fusible  at  1 69^,  11 
si]t[)b»te  itt  d<;lic|ue9i<«nt,  mid  Mnre  it  in  Huluble  in  alcohol  it  nil 
readily  lie  separalcd,  fmn!  sulphate  of  ammonia,  which  is  insolali 
ill  tbia  meuatruiim.  The  double  salt  with  bictilorido  of  platinu 
(CjHjNJICIjlHCIj),  ci^-8tallijw«  in  yellow  octoli.rilrn. 

Dielfiylia  [C.H„N'=(C,H,)JIN;  iJoi/injf/'/.  i34°-6]  isacoloii 
less,  volatile,  iullaijimable  liquid,   powerfully   alkaline,  and 
C«iu»tic.      It  may  be  obtained  by   treating  ethylia  with  iodtda ' 
ethyl  in  tlic  tnaiuinr  already  described  (1189). 

7V*>My/(«  [C,iH,jN  =  icjIj)jN  ;  Boiling  pt.  igS**]  ia  also  • 
soluble,  volatile,  and  powerful  base,  nliicb  furms  a  beautiful  oruii|;c 
double  ft&lt  nith  bichloride  of  platiitum,  crystallizing  in  Im^c 
rhombic  tables  [(C,H  Jj,N,HCl,PtCI,].  Tricthylia  way  be  obtaiutd 
I'roiu  the  foTe^oing  bas«  by  the  action  of  iodide  of  ethyl  upou  tU 
The  sails  of  tctrctbylium  are  procurml  by  eOiiliuniug  the  action  uf 
iodide  of  ethyl  upon  trietliylia. 

The  hi/draUd  Mcitte  of  Mretftyiiuai  is  11  powerful  base,  pcrfeetly 
analogous  to  thccorrcspuniling  cutiipouiid  of  ti'tramettiyliuni.  U 
may  be  obtained  in  solution  by  treating  tlie  iodide  of  telrcthylitmi 
nith  oxide  uf  silver.  If  this  aohitioii  be  allowed  to  e^'U[K>rRtc  in  vactie 
over  sulphuric  ncid,  the  base  forms  long  hair-like  needles,  which 
«rc  very  delique-tcRnt,  and  absorb  carbonic  acid  with  great  andily. 
A  strong  solution  of  the  batie  may  be  boiled  witliout  undergoing 
decorapo»itiai),  but  if  cvajioratcd  to  ilryiicsa  over  the  wat<;r-batb,  il 
heoorocs  dccompo^d  as  soon  as  the  water  is  nearly  all  expctU-d. 
A  solution  of  the  base  acta  powerfully  upou  the  cuticle,  tuid  it 
saponifies  the  fata  as  readily  as  potash,  forming  soft  Konp«,  The 
oxide  of  titrctbylium  is  not  liberated  from  its  iodide  by  the  action 
of  potash  ;  on  adding  a  xolulion  of  putaah  to  one  of  the  iodide  uf 
the  base,  a  cry*talliue  DiasiS  of  the  pure  iodide  of  tetrethyhuot  is 
Miparated,  as  it  is  less  soluble  in  alkaline  liquids  than  iti  pura 
water:  even  when  boiled  with  the  concentrated  solution  of  potash 
for  some  houra,  uo  decoinposilioa  is  effected  ;  but  it  is  docoiapoaed 
with  facility  by  the  salts  of  silver,  or  by  the  freafaly  precipitated 
oxide  of  sliver.     AualogouH  i«ac^viA  ^xVi.  v^iu&h  sad  oxide  1 
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fculnd  to  occnr  with  a  large  nutnlier  of  otiier  aminonium 

«  ioi!ii1(»  of  tbc  ammonium  bases  combine  witK  an 

qaantitjr  of  iodine  and  form  crystallizablc  compoundn 

obtjuned  by  taixitig  \  «<olutioii  of  iodiur  in  nloultul 

>ol  ution  of  the  iodide  of  the  base.     The  ttriod'tdt 

'''■"  {C^H()^N,Ij  ciyatailiBes  in  dark  violet  brilliant 

■Plie  pentiodide  [C.^\^^)^^,J^  forms  ubolnr  pintc*  of  a  brit- 

lio  lustre  niid  a  dark  grecai&It  grc^  colour. 


Batea  dcrivfd  from  other  Alcohoh. 

jl    Tnlytia  or  fnpi/lamine  (CgHj,ll,N)  is  isomeric  witli 
Bjrlia ;   it  id  oii«  of  the  bnncs  obuiiiicd  bj*  Aiii.1cnK)u  during 
ructive  distillatiou  of  lx)tiPH  ;  and  tlie  same  chemist  has ' 
irrd  from  Dipiwl's  oil  another  ba»e,  which  he  tcrnicil 
&ut  wliicii  corrc»[K»nd9  to  letrytia  or  bvlyriii  ((^sll,,HiN), 
of  telrylJc  alcohol ;  it  iilso  occur^t  mixed  with  aiuyha  iii 
M'hen  wool  or  Qaonel  is  diatilli^d  with  hydraite  of  potash. 
are  liquid  nnd  volatile. 

of  bases  corresponding  to  thoftc  firom    mclhylic  and 

)boU   bat  ftlno   been  obtaiuud  from  fousci  oil.     Their 

SR  smaller  thau  tho^  of  the  cthvl  aud  mcth}!  scriii^, 

■cnt  no  partjculni'  poiiit«of  int«r«8t.     Amylia  (C,(,ll,, 

ver/  light,  colourlisa,  iunammablc  liquid,  which  boils 


(lodi  tiiai  tli«  iaix<>il  rlhrlic  baaM  may  be  completclr  and 
%Ufd   «lu-n  in  ihttir  niiliydrou*  forin,  by  tivatiuK  tlicm  vitlj 
Iv(lijli>   i*  tliun   i:uarcrti'd  into  n  tcautirul   «pariu)(l]r  NOliiiilo 

rti)c)i  boiU  kI  a  lii|-b  teni|>«raturc' ;  tuid  trivlli  jIm  rL-auuaa  uiial- 


(tkfUt. 


DlrtliylauBuila. 


jUcdLuL 
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'-Ik. 


l>i(thf1oi*uiic  t(Wr, 


Almbd. 


Iltc  TMuh  of  llio  reaction  of  oxalic  ether  oa  tli«  mixed 

.....iv..  jm.  •nnra oven- pure.    Tbeoryttaliofdwtliylouinido 

II  from  boiiiDic  oalcT.  and  wlien  dMOnpowd  by 

riie  oilf  didb^loxamic  rther  wltea  «Nil«d  to.v'^ 

at  dicUijloiamide  ;  if  dr<.-Hul«J  from  tiio*c  and  (lis* 

^ I  c«)li!rted  u bkcfa cDRut  mcr  at  500",  Uiu  product  Upur« 

%hrr:  aail  tbi*  nlir'nilintilled  «l[Ii  h)-<lritctufT«>taiib  fiiriiisliet 
ICr.  Ijtb  lakn  ailraiilasc  of  tlio  iliUtTom-e  lu  the  solubility 
>  of  tbcatP  \m»**  to  cfl'vct  their  aopanlioii. 


ALCOHOL   OjISBS    OBTArKBD    ?ROU    PnOSPnOKCB. 

lit  i03°,  imd  is  of  sp.  gr.  07  jO.  It  is  soliiWc  in  water  in  all  pro- 
portioiiit.  Ilui-Q  when  distilled  with  Iiyilrnt4±  of  potiuli  wni  founH 
by  Limpricht  to  yield  4,  or  5  per  cent,  of  thin  base.  lU  vnl^ 
crystalline  readily. 

'Ptic  alcoliol  from  castor  oU  (octylic  »lci.liol)  »t»o  yields  ft  well. 
mnrked  bfi»e,  ochjiia  or  eaprylia  (CjgH,.,HjX) ;  and  even  thr 
alcohol  of  palmitic  acid.ctbul,  \i\t  but-ii  niudc  to  yield  a  compouoJ 
animoDia  iii  which  all  tic  tbrcc  cquivalcDta  of  bydrogen  ha« 
given  place  to  tbc  hydrucnrbon  of  celyl,  tlius  rurmiiig  trieeij/lit 
(Cj,H„)jN,  ■whicb  crystallixfs  in  white  fiuible  needles,  freely  »oIoMt 
in  boibng  alcohol.  Us  salts  are  not  soluble  in  water,  but  ll 
ei^tallizu  readily  fi'um  boiling  alcohol  nii'd  from  etliet. 

3,  AlcohtJ  Bates  obtained  from  phospfittretted,  artemareUed, . 
aniimoniurtUed  hydrogen. 

(1194)  Th«  favti  column  of  the  table  of  \aifxs  girea  fp. 
inrludos  tbrcc  sultstanccs  which  do  not  possess  basic  propcrticit 
but  which  present  the  olosMSt  analogy  in  eompow'tinn  witli 
ammonia;  \\z.,  pliosphti rutted,  arscuiiircttcd,  and  anliiuouinrtttcd 
hydrogen.  Each  uf  tlicm  contains  three  atoms  of  hydrogen,  and  OM 
atom  of  their  charactcmtic  coniponpol*  ;  and  Ibcy  may  1>e  lookn! 
U]ion  as  analogues,  or  rcpa-sciitativci  nf  ammonia,  in  whicb  tiic 
nitrogen  hau  been  diitplaced  respectively  by  plio«phom9,  arseai^ 
aad  antimony.  Widely  u  these  three  elements  dilfep  from 
□itrogcn  in  their  separate  furm,  they  yet  exhibit  a  considcrahk 
aiinlc^y  with  it  in  their  mode  of  entering  into  combination ;  all 
three  of  them  fiimiing  not  only  corrcsiiondiug  compounds  with  lhre« 

,  atoms  of  hydrogen,  but,  like  nitrogen,  all  of  them  yielding  witli 
oxygen  powerful  acid*  which  coulaiu  five  atoms  of  oxygen. 

Neither  araeninri--tt«d  nor  atitimoniuretted  hydrogen  exhibits 
any  baaic  propcrtiot,  mid  the  only  iiidicalioii  of  basic  power  in 
case  of  pbosphurcltcd  bydn>^ea  consists  in  tbc  formation 
volatile  cryHtallino  bodies  with  hydrohroinic  and  liydriodic 
(376) ;  y(^t  >t  has  been  showa  by  F.Theiiard,  that  if  the  hydr 
of  phospburcttcd  hydrogen  Ire  displaced  by  methyl  or  by  etfcj 
powerful  ba-tea  may  be  procured,  formed  u|>oii  tlie  type  of  am^ 
mouia,  but  cotitiuniug  pbo^pborus  instead  of  nitrogen,  and  ethyl 
or  methyl  in  the  place  of  bydro^xn.  Ilofmann  and  Coliours  have 
inviiatigati^d  tbene  compounds  more  minutely  [Phil.  Trata.  tSj;], 
and  have  described  a  method  by  which  they  may  \y&  obtained  with 
oerlaiut/.     The  process  inlrodnccd  by  the  cberaista  last  uamdj 

fve    the    preparation   ot   l\iftw  -"pUwjVwsfta,  V^^aw   ooaHsts 
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mixing  terchlorlde  of  plMWjjhorua  (PCy  with  linc-mcthyl, 
xiiic-etliyl,  &c-,  wlica  chloride  of  nine  is  formed,  whilst  tlic  new 
h**c  is  prortiiced.  Jfnnjr  of  these  \i(ue»  have  a  most  olfcnUTc 
odoiir,  and  llie  vajiour  of  several  of  tliem  whoa  mixed  with  atmo- 
■phcric  air,  or  with  oxygoD,  takes  fire,  especially  if  tlie  leiupera- 
Inre  lie  slightly  raiswl.  But  not  only  may  phosphorificd  ba^ea 
(C,li,)jP;  (CJIj)P,  ;  (r,„H,|);,P,  kc.,  niialogous  to  ammonia,  be 
tormcd,  bat  by  treating  tlicne  new  baaea  with  iotUde  of  ethyl,  of 
methyl,  or  of  nmyl,  ioilitlca  of  ammoiiinm-baHes  annlogoiis  to  that 
of  tetTBtbylium  may  be  oMninecl ;  and  hy  the  action  of  oxide  of 
(ilircr  upon  these  iodides,  hydrates  of  the  new  ainiDoniiim.bn»e8 
may  be  procured. 

('  195)  PhoapholrietAylia.oT ioWAy^AwpAjtif [(C,HJ,r  =  1 1 X] . 
Sp.jfr.ofli^doSii;  Boilinff  pi.  261". — This  juccresting  com- 
pound ie  a  colourless,  tronsjnrcnt  lifjuid  of  high  refracting  power, 
insolable  in  water,  bat  freely  soluble  iu  alcohol  and  in  ether.     It 
jbas  a  benumbing  odour,   which,  when   largely  diluted,   greatly 
[resembles  that  of  hyacinth*.     The  reaction  by  which  it  is  formed 
ajr  be  represented  by  the  following  rquation  :  — 

In  order  to  prrpare  phosphotriethylia  the  nrrangemciit  of  ap- 

fitiw  rcprcsenterl  in  the  anneseil  figure  (Fig.  364)  waa  adoptid  :— 

a  is    a  ga»-hottle  for   generating  carbonic    acid ;    A  a  wash- 


Fio.  364. 

(tic  containing  fulphuric  acid  ;  c  a  reservoir  of  carbonic  aeid; 

a  bent  tube  containing  tcrchloridc  of  phosphorus  ;  c  a  receiver ; 

retort  containing  n  solution  of  xincvtbyl  in  ether;  g  a  reser- 

»oir  for  tcrchloridc  of  phosphorus ;  the  supply  being  regulated  by 

gliM  atop-coclt.     The  whole  apparatu*  i*  first  filled  with  dry^] 

lie  acid  gas,     The  tube  ia  c,  irbich  at  Brat  wna  c\qw!l  ■w\\Ni 
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a  cap  of  ciioutcliouc,  in  opened,  and  tlie  etfaerenl  Bolution  of  zin 
ethyl  U  distiUcil  into  the  retort,  after  which  the  globe  with  liie 
lercliloriciv  of  i))i(»'iihori)>  i»  fixed  in  it*  [thice;  the  tercliloride  i« 
allowed  to  eutcr  drop  by  drop,  whilst  tlie  rt-tort  i»  cooled  by  im* 
tncrsioa  in  ice-cold  water.  'J'ho  action  in  very  riolcnt.  As  mvu 
iLa  heat  a  no  longt-r  evolved  bjr  ndditiuti  of  terehioriile  of  phos- 
|ihorus  the  decomposilion  iii  completed. 

In  the  retort  atid  the  receiver  arc  two  layers  of  liquid,  one;] 
pale,  hej»vy,  strnw-coloiirctl  viscid  liquid,  the  cfjmpouiid  of  phospfc 
trictliylia  aod  chloride  of  zinc ;  the  other  a  colourte&s  mobile  fit 
which  is  a  solution  of  terchloride  of  phosphorns  in  ether, 
wliich  miiT  be  poured  off  nnd  u«c-d  in  n  siiliecquctit  vimiUr  opec 
tion.  In  order  to  separate  tbi^  phosphonis  base,  the  oumpouDil: 
decompoaed  by  lueaus  of  potash.  For  this  puqKise  the  iruias  I 
the  retort  is  first  diluted  with  WBt«r,  then  tbc  retort  is  tilled  *rt 
hydrogen  and  a  conei'iit rated  Roliition  of  potash  allowed  to  flc 
»low]y  into  it.  On  8ubHei|iieiitly  distilling,  iu  a  rery  alow  atrtwa 
of  hydrogcu,  phoephotriechylia  passes  orcr  irith  the  aqncoos 
vapcKir,  and  fortnH  u  luyer  which  fluatH  on  the  top  of  the  ooudena 
water  in  the  receiver. 

FhoBphotriethylia,  by    alow    oxidation,  is    converted    into 
crystalline,     volatile,    very    dcliquesecut    ma^e,    of   the    formi 
[(f:,".)jP.OJ  ;   [Fusing  pi.  m"-!;  Rmlmg  pi.  464"  I  Sp.  gT.\ 
ntpour  4'6o) :    it  corresponds  to  the   biuo\ide  of  stibioirietb 

('035)- 

Corresponding  compounds,  which  contain  anlpliiir  (C^HJ,PJ 

and  selenium  may  also  be  formed  by  the  direct  action  of  sulpfa^ 

or  of  selenium  upon    the    phosjihorus    base.      The   hisulphtdt 

pbosphotricthylia  is  a  volatile  aub^tancc  which  fu»es  at  201°.     It 

it  soluble  in   hot  water,  fn>m  which  it  cryatallizcs  in  rcroarltahly 

Iwautiful  needles.      It  ja  aUo  freely  diiisolved    by  hot   alcoLol^  < 

well  as  bj  ether  and  hiitulphidv  of  cnrbon. 

On   treating  phoaphotrietliytia  with    iodide  of  etfayl,  a  vei7* 

powerful  and  nlinoil  explosive  reaction  occurs,  and  the  mixture, 

cooling,  yields  a  crjatallinc  maw  of  iodide  of  phofphotftrethi/rvi 

(tetrcthylphoKphoniiim)  which,  when  deconi|iosed  by  oiidcof  sih 

yields  a  strongly  alkaliuc  solution  of  the  hydrated  o.\ide  of 

base  [(CJIj)^PO,UO]  ;  it  has  a  bitter  phosphoric  taste,  aud  yicll 

rTystallimblc  deliquescent  falls.     When   this   bydrated    \i*k  xf 

heated,  it  gives  off  a  coinpouud  of  carbon  anil  liydrofren,  and  at  a 

highur  temperature  ftimiahes  crystals  of  the  hiitoxidc  of  phosjitio- 

rrielbylia  {C,Hj),I',Oy 

Uolli  ancuic  and  axilimonv  totm  'vVtVi  ethyl  aud  mclliyl, 
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t)ie  otiipr  alcoliol  raJiclcs,  compoonds  whieli  combine  with  oxygen, 
iu)i]  {Mjoficfts  basic  properties  us  powerful  iia  tliuse  of  mau^  of  itic 
iQi-oJIic  oxides  (1030,  io3_5). 

4.  Poiyatomic  Baset. 

(1196)  Rcccni  researches,  especially  those  of  Hofmanii,  have 
aliown  that,  in  »ul<litiot>  to  the  moniitomic  biMi-*,  or  bn^t-s  formed 
upon  the  trpc  of  a  ttioglt!  atom  of  ainmonia,  others  may  be 
obtaincdt  which  arc  pro<!uced  by  substitution  from  two,  from  three, 
or  even  from  n  »till  Urgcr  number  of  ntoms  of  nmmonia.  So 
(that  wc  have  diatomic  and  triittomiv  bases,  or  iliammonias  anil 
jliiaEnniDiiias  formed  from  the  diatomic  and  triatomic  alcohols, 
IJast  aw  tlic  tnonsrnoiotiiitH  nrc  from  the  moniitomic  alcohols. 

AVTien,  for  instjitice,  bibromide  of  ethylene  is  decomposed  by 

ammonia,  a  complex  reaction  occurs ;  but  among  the  prcducts  two 

tubitsnces   are   alornys   present   as   h_v<lrxibroniatc8,  riz.,  ethylene- 

tiUunmonia,  or  ethyfenia,  and  dtcthyleiie-diammunia,  or  diethij- 

l/ma.*       Kach    of    these    bases  is  foniicJ    from   two  atoms  of 

laramonia,   and  requires  two  f^iiirulents  of  a  mouobasic  acid  for  its 

laturatton.     Thin  formation   may  be  illustrated  by  the  subjoined 

|R]uatiuu8  ;t — 


In  •ludjiiig  thrae  M>ni|ioiin^4  on  the  typi?  of  ditminonium,  IlormAnii 
IfoQod  it  far  mart  adrantit^ooiiii  to  use  jiho^pbo'triethyba  tlua  ommODia  ni 
I U«  oooifKiaiMl  from  ntliicli  tbiy  «pr«  lumird.  Tlie  number  of  coin|M>uiidi 
|«bUiDabtr  from  pbospbo-lricthylin  br  auliittitutioQ  in  much  smnllrr  ihitQ  thnc 
lUiUuDabJir  from  ammonia,  itiaaiuuch  ai  tlie  Ihraa  dixpUci-able  atoms  of 
I  bydrog<^  which  ammonia  eonlainii  haro  bM^n  Alr««d;  (Ji»plAcc(l  in  the  pho«- 
Itboni*  b«»». 

Wlimi  aininonia  ia  »c(cd  upon  bj  menuB  «f  bibromide  of  clliylune,  oom> 

a  may  bo  BucccMi^'clT  di*- 
■  iiioiuLniiiic  fBiiidi^s  C^tH^)' 
.  la  are  linlilc  inbp  obuiniid 
jtauc<l  lu  oTery  proiiortiou  (I'Sil.  Tniii/'.  I  Hfioj.  ao  iLat  ibc  diiIlL'uiln^»  of  ibe 
|jiivr<Li)^>tJon  are  aulli^iciit  In  itiscuuniKo  urea  ttio  moit  prnotiacii  akill,  and 
Loflm  10  baffl*  all  ibo  naoun'oe  of  nnnlysis. 

t  Ilofuiiuiii  liu  xlwnn  lliut  llicri!  id  no  limit  lo  Itin  number  I'f  atoms  of 

DOnia  wliicti  Riay  he  thus  wp]<ip(l  intc  i^ne,  and  he  has  indeed  aiiciiif^lrd  in 

;  toKHhiT  u  many  as  cifjUl  ntoms  of  auimonin  luto  one  alon  of  aeom- 

'i-*r.      Till'  mo(]|i  ki  vrliii'li   III'   liim  cUVctitii  lliis  will  be  reailily  under* 

■  f\/ia  the  aynibola  vcbieili  foUow  -. — 


■       n  Hva  ammonia  la  actca  upon  oy  meaua  oi  uiuromio 
I  founds  may  be  oblaincd  in  which  the  LydroKca  may 
[}Uesd  l)V  liie diatomic  nidicl«  (C  H.)".  anJ  bv  liw  tiioiuLi 
|ltT,H,BrV(f.H/),)'.     Thwr  ililli-Miit  coinp'fliinrfa  are  I 


(  H      (C,  H.I"      (C,         H.)"H     1 

la  the  loTTOtiU  itut-  giTCQ  nix  iMvat  of  amtnoDta  ar»  r«rr«eentod,  p\*M<i 
fiilc  hjr  skIc.  ail  linxptl  together  itilo  one  iaol«ouk  by  the  livu  atoms  oC  Uv« 
dituuic  ndicia  elkyleiw. 
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BAinmudaot 


ItrdiakvnnMs  tttthfinuK. 


aU^+    lC.H.rJ)r,=  [(C,H.rU,.N,raHBri 

(1197)  Diethj'leiiia  is  n  I)k«c  wliicli  wm  discorered  sbouL 
eame  time  hy  Clouz  and  b;r  Natanson,  and  vius  Darned  actlyh 
but  ita  true  iiatura  was  first  exjilaiiicd  hy  Hofmaau. 

Hi/drated  Oride  of  Diethytvniam  [(C.HJ,"11.N,0^J  110.]- 
TVIicii  Dutch  liquid  (C^II,CI^  is  heated  for  «oiDC  huurs  to  4 
tempcntttire  of  300*^  in  a  «eii)ed  tube,  witb  about  ^  titDCS  ita  b 
of  a  coiiciGnlrati>d  solulioii  of  ammonia,  it  is  completcli'  d 
IMWcd ;  a  jclIotT  liquid  JR  formed,  and  crystals  of  clduride  o( 
ammonium  are  dc|K)Mtcd  in  iibuudatioc:  if  these  be  separated  bj 
filtnitiou  through  mustin,  and  the  moUier  liquor  be  trnatcd  with 
oxide  of  silver,  it  jiclilsa  decidedly  alkaline  Holutiun,  wbidiabrnxbi 
carbonic  acid  iVom  tlie  air.  Tbc  ii«w-  base  thus  obtained  ia  not 
votttilr,  it*  salts  have  a  feebly  acid  reaction,  and  do  not  crystalliw. 
If  its  chloride  be  mixed  with  a  solution  of  bichloride  of  ptatiiiun 
it  yields  a  wa\-likc  mv»t,  which  has  the  composition  of  the  double 
chloride  of  (.Ijitinum  and  diethyl ruiuin  [(C,Hj),"H^NjCL,l  IHCl,]. 
Chloride  of  diet  by  leu  ium,  if  &li{;ht1y  acidulated  with  ^ulphuna 
acid  and  mixed  nitb  nitrite  of  silver,  furuislic»  uldchyd  iu  ft' 
dauce  :^ 

OUoridoof  dipU);b<niuiD.  UdelQ^. 

tC^'.JI^S^+a  (ArO.KO,)  =  icTffA+a  N,+2  n,o,+3  Aga 

Tliia  reactioa  corresponds  to  that  of  uitroiu  acid  on  etiiylia,  by 
nbich  nl(.'oliol  is  ntirodiiccd,  whilst  oitrogeti  and  water  arc 
liberated. 

It  may  be  remarked  that  bydrated  oxide  of  diethyleuium  i* 
mctaiucric  with  aldehyd-amuiouia,  allhougli  so  different  from  tt 
propertieo  :— 


(C.HJ/'H,N,0„a  HO  =  3  (C.H/VH.N.) 

We/Ay/cHia  (C^HJ/'HgNj;  Sp.  gr.  of  liifaulo\^y^;  of  vapo^ 
i-jia  ;  Soiling  pt.  ^^iiP  (llofmann). — If  an  alcoholic  aotutiou  of 
the  hydnited  oxide  of  diothylcnium  be  distilled  to  dryness  in  a 
retort,  and  the  temperature  be  theu  raised  lo  aliout  3CX>°,  water 
Hguiii  begins  to  e»ca|>e,  and  at  a  temperature  of  428°  yellowitili 
uily  drops  of  dietbyleuia  ipun  over.  This  body  has  a  pccaUar 
jicraistcnt  odour,  which  is  ammoniacal,  and  nt  the  aawe  time 
rccala  thnt  of  aldcbyd,     It  Aoc*  uot  Uecomc  solid  at  — i 
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is  iiifliunmable,  and  burns  wiUi  a  bluish   white  Hamc.     It  is  in- 

ooluble  iu  etlicr^  biit  frccl,v  soluble  both  in  vatcr  and  in  alcohol. 

Sodintn    cxcrta  uo  adiou  upon  dietbyletiia   nt   onlhinry  tcinpci-R- 

turcs.     Dry  reddeued   litmus-paper  dueK  not  b(;c()iiic  Wiie  even 

when  ininicr>cd  in  it;  but  if  the  ba»c  be  treated  with  acid»  it 

^K  ibnns  salts  which  are  idt^iitical  with  thosroroxitic  of  (lictliTU'iiium, 

Hlf  potaah  be  added  to  a  Holutiuii  uf  these  Halts,  tlio  li(]md  doe&  not 

Hemit   llic  odour  of  dnrthylcnia,  but  c\liibit«  tlic  properties  of  a 

H  Eoltitiuii  of  hydratLtl  oxide  of  diethylutiitini.      An  aqueous  eolution 

^  ofdirttiylcnia  produces  in  a  Bolutiuu  of  the   salts  of  zinc,  a  white 

precipitate  which  is  soluble  in  excess  of  the  base.     With  salts  of 

copper  it  give-"*  a  p;dc  yellow  precij»itat«,  which  is  purtially  soluble 

if  dtcthylcuia  be  added  in  excess,  forming  a  bright  bine  liquid. 

It  occasiona  a  white  precipitate  iu  eolutioua  of  the  salts  of  silver, 

bat    the  precipitate   i»   ix-iidily  disi-olvcd  by  ai>  cxcc«§  of  the  luise, 

and    if  the  solution  be  gently  wnrmcd,  a  niirror-likc  coating  of 

reduced  »Ivex  is  formed  ou  the  sides  of  ihe  vussul. 

k         It  is  remarkable  that  the  oxide  of  dlethyleuium  aboiild   be  *o 

H  permanent   a  Irady  as   to   re<iuirc  a   temjx-raturc  of  300"^  for  its 

H  decomposition,  although  llie  currcspoiiding  eompound  of  ammonium 

"^  undergoes  dccom position  as  soou  as  it  is  formed  at  ordinary  tcm- 

|)eratiires.      DiothyU-nia   corrf^poi ids   exactly  with   tnu   atoms    of 

'      aminotiia,  and  like  it  dues  not  form  salts  until  it   has  assimilated 

HUie  elements  of  iraler. 

H  Ctocz  believed  that  fonnyl  also  entered  into  the  compo.<tilioii 
B>ofa)iase  (C^H.H^X;  HoUing  pt.  253*4;  Sp.gr.  of  vapour  2'o?) 
termed /omy/M,  Immolugoua  with  acctylia;  but  Ilofmann  nppeara 
J  to  hare  proved  that  this  base  contains  one  atom  of  hydrogen 
I  nore  than  tliat  given  in  tlic  fomiuU,  and  that  it  is  really 
rthylenia  {CjHJ"n,Nj.  The  careful  ciumiuatiou  which  the»e 
bodies  arc  now  undergoing  will  doubtless  soon  clear  up  sevc-ml 
ipouitaiespccting  their  true  constitution,  which  ore  stitl  in  dispute. 
If  dicthylcnia  bctrt^tcd  with  iodide  of  ethyl,  ttii'thyl-dirtliylenia 
m  obtained,  a  base  which  is  repretieutcd  by  the  formula 
(CjH.),"(C,H»),Nj.  Diphenyl-tiielhyk-nia  {C\IIjl/'(C,,jIl^),Nj  ia 
precared  by  treating  Dutch  liiiuid  with  aniline  instead  of  with 
ainmouia : — 


DoHb 


AniLiM^ 


ordi|.Fk«D5tdir4liytmli^ 


3  C.H,CI,+4C„H,Ksr)0.,H;N,HCI+(C.H.).'iC„H.),N,.  1  HCL 

Corrcspoiidinj^  bodies  may  be  obtainwi  by  treating  Dutch 
liquiil,  or  dibromide  of  ethylene,  with  methylia,  ethylin,  and  otlici' 
analogous  bases. 
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Dicthyleuia  alao  produces  compouoda  corrcspoailiog  to  tbe 
nmidca.  Thus,  when  biilyrii;  ether  U  mUetl  witb  ui  alcokolie 
solution    of    dwthj'lenia,     crystals    of    butyric    tUethylenamiAc 


(C.HJ",]'^* 


are  formed. 


j.  Bates  jirodttced  by  the  action  qf  Afiuaonia  oh  certain  Atdckjit 
among  ike  Essential  OiU. 

(1198]  During  the  procesB  of  obtaining  roniiio  add  by  dik 
tiUiag  braD  or  ualnieal  villi  peri.ixi<1e  of  oiBiigsQeeo  and  dilute 
»ul|iliuric  ai-'id,  a  smtill  quantity  of  nn  caNvntiKl  oil  diHtilit  uvt 
wliicli  may  Iw  piirilied  by  redistillation.*  To  tliu  body  the  ua 
vf  ft/rftfrot  (C^jIljO^;  Sp.  gr.  of  liquid  l'i68;  0/  vapour  V3 
Boiling  pi .  ^2^)  ban  bccu  given.  Wlicii  pure  it  is  culoarIc«s,  I 
it  <)iiicl^ly  bpcomei*  brnwn  by  exposure  to  the  air.  It  haa] 
fragranl  odour,  Humewlittt  resemblinf;  timt  of  bitter  almonds 
is  dissolved  by  cold  sulphuric  acid,  fonniiig  ti  beautiful  pi: 
li4)uid,  from  vbich  on  dilution  with  water  the  oil  is  scpar 
iuich:m<^-d. 

Sdiwaiieit    {Lifhtg'f  Annal.  cxvi.  160]   has   TcriRed    the 
JActtirc  of  Gorburdt,  that  furfural    is  the  aldchyd   of  pyromnoe 
udd.     Like  tbe  aldcbyds  it  combint*  witb  bisulphite  of  soda.     If 
nil  aqueous  Mjlutiou  of  ftirfurol  i»  tioiled  witb  frei<hly  precipiut; 
oxide  of  silver,  metallic  silver  is  dcpoutcd,  and  the  hot  filtrate 
cooUng  dejHiHits  small  mstals  of  pyromiicate  of  silrer  : — 

Ill  thia  way  fiirfurol,  by  combiuing  witb  tvro  atoms  of  oxygen^ 
becomes  converted  into  pyromucic  acid. 

If  furfurol  bu  minimi  with  a  solution  of  nmtnonia  in  the  col 
it  is   gradually    converted    into  a  solid  ycllo wish- white   insolul 
mass,  3    molecides    of  furftirol    reacting    tipon   3    of  amrnor 
while:  6  atoms   of   water    arc    stiparutvd ;    3  C,nH^0^  +  3  tl^N: 
2C,jHpNOj,+3  H,0.j,        This    new   compound    belongs    to    the 
cloM  of  liydnimides  (1168);  it  lia»  hcen  teroied /ui/uranitWc.  Anda 


*  Furfurol  ia  bmt  obtained  bj  diKCBt!»|{  tho  brsa  10  a  cold  ttllnlo  •olotioii 
of  cauiVtu  palaiL  lu  diaaulre  uut,  the  ^l1ltl^n  and  ftlarcli.  wa«bioe  well,  sod 
ilryiug  at  n  Erntic  heut,  then  mixing  it  witb  half  it<  veiKbtof  lulpauric  lukl, 
nliidi  muKl  be  lint  diluted  niiU  hii  equal  bulk  (if  wattrr.  Tbe  patii  1  .■■ 
lUiiR  obtniiirJ  in  dialilloii  in  a  current  of  xLcam ;  tins  furriirol  ouromi  d 
■■ilv«d  in  thu  i>nt«r,  fruia  nliicU  it  may  b«  rci-ovcrud  by  diitilUtioa,  colinluK 
titc  Snt  linlf  cnly,  uid  af^aia  lubmllling  tiuit  to  a  tik«  procc*M  of  partiu 
dijliUalioo.  ~ 
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(1(-<«iti]K>P   it ;   a  Mtlt  of  (tinni[iiii:\   in    rornicd]   ninl 

'  16  set   &t  liberty.     Wlieu   boiled  *nth  pota%li,  however, 

bKmia  is  erolved ;  the  »ub«taQce    i»  cjomplctely  dissolved, 

'  i  \ii)  oti  coaling  flqia^itu  long  tiilky  m-tulUTK  of  a  fowcr- 

lia-«o  wliicli  is  isiimeric  with  farfurainidc  (Fownes). 

^itria   or  ftirfuriHe  <Cj„H„N',0,=  268),  as  Ibis  base  lias 

kmni,  i«  inuilorous  nni   epariufiljr  Kilubtv  in  vtutvr)  ulcobol 

ber  i]i<jkjUi>    it   fn;elv.      It   luelta   below   ir2°lo  an   oily- 

Gqtiiil.      It  in  dissolved   by  dilute  acids,  and   completely 

tlicm ;  ou  n<tdin^  nnimotiiik   to  tlioc  »o1utioii«,  tbo 

pnrcipttattHl  uticliaiigod.      Its  salts  bave  «  bitter  toitte; 

lid    to  bnvG  been    uutd   medicinally,  with  sticecis,  as 

for  thoMJ  of  qiiiiiia  (Gregory). 

•utaiMariae  {C^.H^^^. — WlieiiaaolutJonofammoniB 

\ia  rcta&in  ibr  souic  day«  iu  contact  witb  pure  hydride 

(eswutial   oU  of  bitter  almoixU),  a   reaction  occurs 

Ma    to     tliD    foregoing   one    witii    fiirfiirol :     the    mixturv 

gr    IxvDiaes  cuiivcrtcd  into  a  crystulliiic  iiiuui  or  bydro- 

:his  niibstnitci;   in  sniubli;  in  alcohol,  but   inholiitile  iu 

iImI  with  a  Koliitiou  ol'  jKitaHli  it  a-isiimes  the  nppcar- 

1,  and   becomes  cbanged  into  bensoHne,  which  is  a 

witti  bydrofjciizaniidc.     The  mme  ctiangc  occiira  if 

imidi.-  be  nitiipty  licuti-il  for  »umu  time  to  a  tempt; rat uro 

3°  and  l6j^.     If  the  mass  whicb  ia  obtained  by  eitltcr 

sthodi  be  Ircalcd  uitb  boiling  alcoliot,  it    it  AUxaivta], 

I    aoIattOD     on     cuoling     deposits     the    biue   in    brilliant 

'paA    Ibor-uded    prisms,  which    are    fusible    below  312**, 

tt.  i*  nearly  iiiHilnbtt:  in  water,  bnt   it    i8  readily  dissolved 

Ebul  a'<d  etli'.-r.      Its  Malta,  witb    ibe   exerptioii  of  titc 
sparingly  loluble,  and  have  an  intensely  bitter  tantc 
line  is  submitted   to  destructive  di.'^tiliation,  a  new 
hatiy,  fprtfbcnxvlhic  vr  loj/fiinc  (C^Il^Nj)?  te  formed, 
lotlicr  prudocta. 


B.   KlTUKAl.    D&SES, 

I.    Valalile  (Hly  Baati  dettUute  of  Ozygen. 

ICoxiA  Of  Cons/lio  {C„lInNs=  135;  Sp.ffr.  of  Hipiid qUij, 

~ucP  (BIytb) },  i*  tbe  active  principle  of  tbe  liemluek 

it  pervade*  tiic  whole  plant,  hut  is  nio«l 

_a.  -i'C  aecdiu     Aa  it  is  volatile,  it  is  obtained  by 

I  MuJix^  secda  vritb  water  wlilcb  contain*  a  mnHll  quantity 

•olutiou  t  ootiylia  tbcu  pasBCs  over  with  the  water  iu 
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ItstflU 
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C.I! 


U    '■    " 


i*pS 


the  form  ot  a  vcllovish  ml.   Wbea  purifiod  by  ivdtst 
is  a  coloiirlcsa,  transparent,  volatile-,  uUy  liquid.     It  I 
|M-n«lmtingj  most  uuplduunt   ntul   opin-tTttnifc  oJo 
tlie  frcsli  hemlock.     A  Hrop  4»f  it,  wlieu  (tlkoed  ujhmi 
a  temporary  greasy  ntain.     It  ia  soluble  to  K>ate  exUa 
but  is  much  Icsa  m  in  hot  than  in  cold  water ;  ct^cr 
dissolve  it  freely.     Its  rapoiir  in  iiiHumnable. 

According  to  Kekul^  and  PIntiUi  tbere  aro  two 
varictitn  o(  couylia  cuutaJm-d  lo  the  plntit ;  vix.  congOt 
«tid  «iifMy/TOi»y/(a(C,gH,jN);  when  cither  of  the-'-  '— - 
upon  by  ioclirie  or  ethyl  or  of  methyl,  new  •ubst, 
ohtaiiio),  fitniishing  the  following  svrtM  of  coainooiid* 

Coiiylia     , 
Mclhylcouylia 
^thylconylia  . 
Ilydnitixl     oxide] 

cthyl-im:thyl.  C„ll3N0,U0=C4!I,,C,Il4(C„U, J" 
conyliiitu  ) 

Tlicafl  cxperiiueitts  ahow  that  conylia  miut 
an  ttuidti  basu  frum  which  ammoHium  bawa  may  be 

When  normal  eonylia  (C,jU,j>;)  i»  exjio«ed  to 
rapidly  sbsorb«  oxygen ;  Gnt  becoming  lirown.  and 
neariy  solid.  Conylia  hu^  &  poncrfiilly  alkaline  i; 
tteutraliz«9  tlic  acida  perfectly,  and  pnvipitatcs  ma 
tueLollic  oxides  Trom  their  lalts ;  in  all  it«  romts  it 
dangcrons   poiwn.      Its   ealla  cryatnllizc  with   diffical^ 

solutions  arc  evaporated  iu  the  air,  they  arc  dreoir 

red  or  riolct  in  nolour,  and  nitimaloly  8«tituin«  ;. 
hhio  tint.  Strong  »«ulphuricBciil  caiuea  its  comiv  "i  '.']■• 
tint  of  a  purple  red  colour,  and  thea  of  an  oliiv  gr* 
nitric  acid  it  givea  a  hlood.r«d  colour,  fading  into  oaiu 
acid  ia  one  of  the  prodncts  of  this  reaction.  Conytia  i 
cyanic  ether,  and  immediately  forma  a  compound 

C,H^O.C,NO+C„H„N  =  C!„ff^,p,or     ^.   j 

^•ycrthciiii  finds  that  hemlock  tontaiua,  hi  aildit 
H^-flnall  fjuaiiiity  of  anolhcr  hase,  «»r;   -■-      f    ■] 
Anttal.  c.  3i8),  *hich  contain*   the  f' 

ualrr  than   conyliu,  and   which,  by 
iuih}ilride,   oiay    he  oonvcncri   into  mrnia;  itic 
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Gram    the     phospkoric  add  by    troatmeut  with   potash. 

a  moch    lc?%tt  poisoiioits  ttiati  convlin.     It  may  be  sub* 

fttitirul    coluurli-aM  tioodic*,  wliicb  are   frccljr  sulable  in 

fitlicr  ;   it  is  Btmnglv  alkaline. 

0^  Sr»KTKiA  (C,„H„N;  BmtiHff pi.  $yf). — la  IbeSpartium 

,or  coTOTOon  broom,  Sicnhoiwc  discovered  nn  oilj  base, 

gave  the  name  of  sparteine.     It  poaaemf^   narcotic 

is  considoralilT  Itfuvicr   tbaii  waUY,  and  has  a  fiiiot 

lliiig  tlint  of  uiiiliiic  ;  when   piirt  it  is  colourless,  but  it 

|-beo»iaea  Itrovn  br  oxposure  to  the  air.     With  l)ichlorid« 

I,  anil  with  corrosive  sulilimnle,  it  forms  dotiblti  rtiloridcs, 

taltizc    readily:    bat   it«   otlKrr   saltt)   arc   obtained   ia 

irntHk  ditHcully.      The  liydrMldoratc  appeara  to  tmitorgo 

jmpowitioii,  if  boiled  with  escraa  of  bydrocbloric  add, 

Itls  an  odour   like   tltot  of  mice.      Both  the  base  aikt  it* 

esLtremcljr  bitter  tu^to.     Spnrt«ifl  coiitniu*  :  ctjuiva' 

fren  lesa  thnn  oonrlia.     The  broom  plaut  also  fitr- 

tiRatral,  yellow,  crystalliKable   pritidpic,  termed  scoparin. 

),  to  which  it«  diun-tic  propvrtiu*  ap|>e)ir  to  l>c  owin^. 

NicmvLiA  or  Nieotinf  [{C,oH.),"'N,l  or  |,C,„H.)"'NJ  ; 

^Bqvid  f027  at6S°;  0/ vapour  y6oj  ;  lioiUng pt.  480*.— 

lothvr    remarkable  volatile   base,  which   is  deaiihite   oF 

From  the  spcicific  gmrity  of  it«  vapour  it  is  npcpsaary 

tt  as    a  diiUoniic  basu,  the  quantity,  C^H,^Nj,  being 

10  4  rolumee.     It  must  therefore  be  formed  upon  the 

atDi»&  of  aranomft,  and  it  aatumtes  2  equivalents  of  a 

acid.      Nicutylia  is  the  active  prindplc  of  llic  tobacco 

'     -7-1  tnhacvm),  \a  which  it  occurs  iu  combination  with 

■  acids.     It  is  nlw  contained  in  the  Hmoke  of  the 

^torea.      Nicotylia  i»  a  Unipid,  colourli^s,  oily  liquid,  with 

iy    irritating  and   j>owerful   odour  of  tobacco.      It  is 

imhlc,  and  burns  with   n  smoky  flftme.     It   may  be 

lily  aluD^  with  the  vapours  of  water,  or  in  a  current 

gaa  ;  tliotigh  Its  boitiug    point   is   as  high    as   480**. 

I  iu    Lbo  air  it   absorbs  oxygen,  becoming  brown,  and 

Ntcotylia  is  very  soluble  in  water,  und  in  the 

^lt  is  also  soluble   in    all   proporlioiia  in   alcohol   aiul 

£thcr,  if  agitated  with  the  aqueous  solution,  extracts  the 

tbe  alkali  ;  and  the  ethereal  solution  miis  to  the  Hurface 

I-  -'lids  are  left  at  rrat.      Nicotyliu  i»  extremely 

drop  of  it   being  euffieicnt  to  kill  n  large  dog. 

d  rotation  on   a  polarized  ray.     Its  solutii  ■  ■ 

v.i.t:  jitLvipitaic  in  u  solution  of  corro«)ve  sublimate,  iv- 
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well  at>  in  one  of  acetate  of  1c4i),  and  of  both  the 
Tlie  wliite  precipitate  nhicb  it  occasioos  in  solutiuoij 
of  siiii:  is  Botublu  in  cxot^ss  of  iii<nty1ta.      Salu  of  i 
cxceta  of  nicotylia,  jieM  u.  blue  solution,  like  tbut 
nicfa  wbeii  Bui)er«aturat«d  with  nmmoniz.  . 

Cblorinc  Mts  [low'erfulljr  upon  nicotjtin,  pnxtuci^fl 
lilnoil-rcd  li(]ui<l.  lodiue  forms  with  Ibo  alkali  ft^d 
combiuatton  [(Cj^H^N),!,]  which  has  a  ruby-ml  colour 
decomposes  this  coioiiouikI,  Hbcnitiiig  pure  uicotylia.  Th 
uicutj'lla  crvalnllieo  with  difficult/:  they  arc  uciitral,! 
totnble  in  water  and  nlcx>bol,  but  insoluble  in 
exception  of  the  mutate.  Tbc  jiroportioQ  uf  this 
grentlv  in  (lifTcrcnt  samples  of  tobfuxo.  French  toll 
7  or  8  per  cent. ;  Virgiuiaj  (3  or  7  per  cent. ;  aud  }i 
Ilnvannah,  not  more  than  2  per  cent.,  nbich  ia  the 
ordinary  tmufT. 

Nicoljjiia  appear*  to  belong  to  tho  dnsa  of  nitril 
liydrocarbon  nicotyl  (C,(,H,)"'  which  it  contain*,  being' 
in  function  to  the  3  atoms  of  hydrogen  iu  aannonia.  1 
enters  into  direct  combination  nith  iodide  of  ftb^rl^ 
iodide  of  metliir'l ;  forming  compounds  which  corrclHj 
iodide  of  teln-tliyliuin  ;  and  when  tbe>o  ctim)K>and4^i 
with  recently  prccipilalcd  oxido  of  silver,  they  yield  a  p 
alkaline,  iuodoroiu,  rery  bitter  Aubstsnce,  which  rapidlj 
carbonic  acid  from  tlie  air ;  for  example : — 


todUo 


mitt  urrthflueailjlii^- 


(C„IIj.C,U,.NJ,l,+3(ABO,nO)=t(<-'.«H7>"t-'.n,JiiO, 

(Kckule  and  Planta,  Licbijs'fi  Annal.  Uxivii.  1.) 

'Itie  best  proceas  for  preparing  iiicotytia  is  that 
Sch1a»iti<r,      lie  evaporatw  the  nqucous  iiifasion  of 
to  the  cousiAteuoe  of  !>yrup,  aud  adds  twice  its  voli 
of  sp.  gr.  0*^37.     The  liquid  ta  Uiut  separated  int 
the  upper  one,  which  contnins  (he  salt«  of  uiootytiiij 
(xiiKvntrated  Ii^  cvHiturntiuti,  mixed  with  a  Kilutiou  ■]< 
briskly  agitated  with  ether.     The  ether  diaHilve* 
njcolyha  and  sonic  ftlty   mntters,  and   riwa   with 
Mirfuoc  when  the  mixture  \»  left  at  rcsl.      In  order 
alkali,  powdcrett  oxalic  acid  ta  added  by  defjrce*  toj 
ethereal  solution.     Thn  uxalato  of  tdeotv'  '    ' 
ether,  rorms  n  dense  syrupt  InviT   ni   th< 
It  iH  waabed  [wo  or  three  timo  with  pnrc  ether;  niiilj 
is  seponited  by  the  addition  of  a  frcah  ijuanttty 


ltd  fiber.  The  ethereal  ulutioa  U  decanted  into  a  retort, 
with  the  mcaUB  of  trauimittiiig  a  currcDt  of  ilrjr  Jij'ilrogcti 
it :  tbo  ctlivr  it.  then  ilrirca  uff,  aud  the  residue  exposed 

ty.iuur  houn  to  a  lenipernture  of  ^84°,  in  order  to  expel 
tmocR  or  ammoniu  tiud  ether;  af^r  which  the  tempera* 

aued  to  356%  whea  the  oicotytia  distils  over   in   a   ktate 

I'rrparaiion  o/Snnff. — A  full  account  of  this  o)>eration, 
lecl  M  the  Imiwrial  tohuoco  works  iu  Pwria,  ia  girea  by 
ftud  Fpwdv  (Traiif  de  Chimif,  2nd  cd.,  ii.  437).  The 
IB  an  outline  of  the  stcjKt  of  the  ntutinfBCturc  : — The 
kind*  of  tobacco  are  tboae  which  are  ]>rf!rerrcid  for  the 
'ou  of  aouff.  The  )cavc«  are  ftprrod  out  in  thin  layers 
tone  paremeat,  and  moistened  witb  a1)oat  h.  filHh  of  their 
f  a  solution  of  chloride  of  Mxliiim  iti  water  (*]).  |{r.  1*089). 
^teneil  leaves  are  oext  cut  into  blockE,  and  arc  then  (uled 
irge  rectaugular  heaps,  in  qiiantitiea  of  40  or  50  tons. 
grailimllj  ciitcr  into  fermeiitutinn,  aud  the  tempe* 
acMUt^tioies  as  high  as  170'^,  but  usually  it  does  uot 
4o'.  If  the  temperature  be  alloired  to  ruw  too  high, 
of  the  msM  become  block,  ait  though  they  liad  bcco 
Spring  and  autumu  are  ttiu  fteasons  mo«t  favourable  for 
rxioeroeotufthiKU|>t!ratiou,  Khicb  rerjoires  careful  natchiu;; 
it  Cbe  development  of  heat  from  becoming  excessive.  In 
e  nr  six  nioiitlii  the  lemjicrature  beeomea  fltatiouary,  or 
decUue ;  the  heaps  arc  then  opened  out,  atid  the  fer. 
Baa>  u  submitted  to  grinding.  The  pale  brown,  and 
fiveljr  drjr  powder  thu»  obtainodj  in  next  mixed  vritb  al)Out 
1^  its  Hei;;bt  of  the  Hohitiuu  of  chloride  of  sodium, 
through  ft  sieve,  to  eiisnru  a  uuirnrm  moistening 
;  after  which  it  i«  pHcke<l  in  lai^e  oidieu  ehcHt*, 
eontiuuiiig  firom  -ij  to  50  tuns  of  the  mutcnal.  liero 
rcmaiuH  fur  ttine  or  ten  months,  and  nndcrgDCH  a  accunci 
1011,  iu  the  course  of  which  tliu  lenipeniturc  iu  the 
the  mass  risM  to    lienor  130°.     Diirluf;  lhi»  process 

tres  iLt  well-known  dark  colour,  and  the  aroma  ia 
.  uc    mus    Ik,  Itowi-rer,   »till    far    from    uniform    in 
thrtMi^out  ;    it    is  therefore    transferred    to  a  second 
:  upcratiou  all  the  different  parts  of  the  heap  are 
■■'  '•  ■■■(licr;  after  the  lapse  of  two  months,  it  Is  a 
I ,  aud,  Aoniotinies,  a  third  transfer  is  deemed 
<  im   considered   ripe,   the   contents  of  the    variout) 
.'.ctl  in  a  large  room  capable  of  contaiaiug  350  ton« 
4* 
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of  saufl*.  Here  it  is  left  for  about  six  weeks,  to  mi 
entire  mnss  uiitfonn  in  quality ;  nnil  finaJl;  it  i»  ufted  fnta 
for  tlic  mnritct.  The  vtbolc  proceM  of  tnatturaccurc  tlm»  \ 
Oom  eighteen  to  twenty  montlis.  Ounug  tlie  runueotatid 
two'thirds  of  the  iiicotylta  is  destroyed.  A  small  portioJ 
bftie  npppare  to  exist  in  MiiiflT,  in  tlie  uncunibintxl  foon  ;  | 
greater  part  of  tlie  portico  still  rcmainiii",  is  Icfl  in  thci 
acetate,  a  certain  amonat  of  acetic  arid  tiaving  liccome  ^ 
dnnng  the  fcra^cntition.  A  jKirttoti  of  the  dcoaRi|ioMd  i 
uniIcrgo4!s  oonrersion  into  carbonate  of  ammonb,  whieb 
tiall;  retaineil  by  the  snaff;  and  the  gradnal  rolatiltx 
thi*  Mlt  appears  to  fitronr  the  (miver«ion  of  iii<-olj1va  into 
and  thuA  to  occaiiion  the  pungent  odour  for  which  Buaff  ia 
The  proportion  of  citrioand  malic  scida  becomes  iliminiabc 
the  fermentation  ;  ao  that  orditiarr  NDtilT  ha*  on  aJknlinc 
A  certain  quantity  of  a  peculiar  essential  oil  appear*  all 
dcTcloped  during  the  operation  ;  and  to  the  variahle  prop 
this  oil,  ranch  of  the  difference  in  tli<;  flavour  of  the  diflrbv 
tie«  of  H»ii{1'  tK  oviiig.  Hie  qoanlitf  of  nitrate  of  |M)tai 
freah  tobacco  eontaius,  paiaea  over,  unaltered,  into  the  w 

It  may  be  remarked,  that  tobacco  ie  onv  of  the  okmIi 
iag  crops  which  can  be  grown  u|ioii  any  toil,  liticc  il  oani 
enonnoDt  amount  of  mineral  constitncntB  (the  proportia 
amounting  (o  not  leia  than  2i  per  cent,  of  the  dry  leaf). 
tlicM!  con^tituenta,  nitric  acid  is  found  in  ipiitntity  oftea  i 
1  per  cent,  of  the  dry  leaf;  vhilst  the  salts  of  |)otaih 
more  than  a  third  of  thu  Baliiie  residue. 

It  is  probable  that  tha  active  principle  of  hcobai 
annus  nigrr,  ia  a  volatile  faaae,  analngous  to   nicoty 
portion  of  some  volatile  base  cornea  over  irhrn  the 
tillrd  with  a  aolatiou  of  potash.      Much  of  the   alkaloi^ 
is  dceompoited  ia  this  oiieration  :  ita  compoailion   h«« 
dcteriniued. 

2.   BoMt  Khieh  contain   Orygm. 

{a)  Atkahidt  of  Ihr.  CincAonus. 

{1103)  la   tite  bark    of  the   diOercQt  varieties 
aercral  wdl  eharactcriaed  and  important  base*  occui 
all  rlowly  relauil  to  eaeh  oilier  iti  eompOKltion,  and 
eomhiniitiou  nith  quinic  andquiuotaunic  acid*,  in  llii 
ttMMt  abundsnt  of  tltc«c  bodies  are  fiMr/nmim  anil 
nhich  ttt  accompanied  by,  or  i»  oonvrrtihlc  i' 
*ertiHHl  respfictively,  cinr^CHiiiine  uiA  cini:itvf.,>4r-<^ 
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and  tjtdmiciae.  Bcailea  tlieM,  a  bue  termed  aricitie,  or  cincAotv/Me, 

baa  l>eeD  found  in  the  bark  of  tite  Cincfutna  avala.    Until  noently 

it  wrnft  sti^poM-d  tlint  the  forimilii  of  cincliunia  wu  Cj,|U|aXO,  and 

tbat  of  (luiaia  C^oH^IsO,;  but  thi>  rttscarchm  of  Strcckcr  a^ipcar 

to  iudicftte  that  tbe«e  forutulfe  must  be  doubled,      Uuth  ciiichuniii 

and    cjninia   furm   two  cluuc*  of  tudlx ;  oiic  cla&s  of  nliicli   ba» 

becxi  regarded,  until  quite  recently,  as  being  basic,  vIiilKt  tbe  otlicr 

was  saiiposL-d  to  be  uortnal:  tbe  cuuiuiou  tnedidiuil  suliibatc  of 

qninia,  fur  cumplcj  wils  vicwui)   as  the   buic  sulpliate.      If  tin; 

fomiDln  of  the  hose  lie  doubled,  honever,  thiii  Halt  mill  be  QorRiid> 

vrhilst  that  formerly  regarded  aa  normal  luiut  be  an  acid   mU. 

The  salts  wbifh  these  hti»cs  form  with  tlic  smaller  proporlioQ  of 

acid  are  very  sparingly  soluble  in  uater,  hut  arc  readily  diMcdvcd 

uu  tbe  addition  of  utiy  free  acid. 

Cbiiuia  aud  ciucboDis,  as  wi-U  as  cinchouidiue,  appear  to  belong 
to  Hofmanu'kcla^of  nitrile  ba^ea;  nnce.when  treated  witb  iodide  of 
netliyl,  or  with  iodide  of  ethyl,  they  yield  bases  of  the  amrao«iiiin 
type.  Ilydraiedosidcof  €Mff/'jy«i«i«>w[2{C,„H,^NO,),C«tijO,HO] 
i&  a  powerful  ba»e,  nbicli  iittructs  carlxjiiic  acid  from  the  air :  the 
iodide  of  mW/is/ovKiitmii  consist*  of  a  (C2„II„N0J,C,II,I.  The 
of  tbe  correspoadiug  dcriTativcs  of  duclioiiia  aud  ciiiclioiii- 
ne,  each  conKist  of  z  (C„jH,jNO),C,lljI.  Induced  by  these  luid 
titer  circumstances,  Strecker  doubles  the  old  formula  of  tbc&e 
alkaUiids,  reprweiiting  quiuia  lu  C^U,,NjO^. 

C'lucltonia  and  quiuia,  with  tlieir  iNOtikerides,  are  deoompoaed 
vbco  distilled  with  hydrate  of  potiuh.  Several  volatile  bas«s  are 
Ibrnied,  amuugBt  which  quiuolinc  (1067)  is   the  tnost   abuadniit ; 

rfornitate  of  potaah  ia  left  in  the  retort, 
Duchonia  and  it»  ifomcric  coDgcucrs,  arc  moat  abundant  iu 
uio  pale  Pcmvinn  hark.  Cluinia,  and  its  isomeric  companions, 
^<KXur  most  abundantly  in  tlie  yellow  hark,  or  Cmchona  cordi- 
^mfoiia;  wbiUt  the  red  bark  contains  both  cla«»cs  of  alkaloids. 
H^  Quiuia,  from  ita  febrifuge  and  antiperiodic  powcn,  in  tlie 
^V  most  bigbly  c»toetne<1  of  the»e  ulkaloid*  for  niediciunl  purpovce  ; 
V  though  it  appcan  that  quinidiao  po&scascs  simdar  thorapeatic 
p     TirtucR  to  a  nearly  equal  extent. 

(1204)  t.  Ci»c»uMA  [(^4olI)i^i^i=3°S)  crystallises  in  la^c 
■jnailri lateral  prisma,  which  are  anhydrous;  it  it  le^a  soluble 
ia  ilcubol  thou  qainia,  aud  is  insoluble  in  ether.  Cinchonia  is 
duMolred  by  solutions  of  the  alkalies  and  alkaline  bicurbonates. 
At  539"  it  fuses  to  a  colourleaa  liquid,  which  iK'coines  a  oryatal- 
Une  nuM  on  cooling ;  wbeu  hc%tcd  further  it  is  partially  volattUxed  ; 
but  M  porttOD/  at  the  eaoic  (iiuc,   undergoes  decom^Q»\\vci'a.    \X 
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may  be  sulilimeil,  readily,  in  an  atmoepbcro  of  bjdrogi 

»lu  htc  iDtenscly  bitter ;  they  are  precipibilrd  by  infnwoai 

M  we]l   as  1>y  solutions   oP  tkc   oxslstco,    turtntCK,  sad  | 

Two  r<)uiv«lcnt«  of  the  liydrugco  iu  ciiicltoniu  may  laM 

by  ctiloriui;,  nod   by  bromine :  the  oev  compounds  U^H 

retain  their  basic  cltnrBctcT».  ^H 

Sulphate    of   riHchoHio    (1  TTO,  a  C^H,,N",O^S,<]H 

7144-36)  crystalliKes  in  irre^lur  pn»Tn3,  wbicli  mrll^H 

at   B   little  beyoDtl   313*';  vrhm   gnttly  bcntcd,  it   cm^H 

jiborcwcnt  liglit.     If  it  be  Arat  nKtistencd  irith  watrr^^ 

with  sulpbiiric  acid,  it  aiaj  be  kept  in  a  fu^cd  oanHitiaa.fl 

hours;  during  nhich  time  it  gmdually  paa«ce  into  thc^H 

cincKoiiiciiie  (Puitfur).     If  heftted  more  slrougly  it  i^H 

iQtu  a  rcaiiiouft  mass,  of  m  bcuiitiful  red  colour.     The^H 

(I  IIO,C„IIi,N,0„SgOgi-6  Aq)   ta    very   soluWc   Iwlb^ 

and  in  aloolwl ;  it  crystallizes  from  a  hot  aolntion,  tn  JM 

deflucd,  rhombic  octoh«(lra.     Wheo    cincbouia    is  t^H 

Bulpliuric   acid,  atid   hratcd  with  prroxidc   of  lead,  it  ^| 

red -coloured   compound ;    «Ii«d   mixed    with    cblorine  ^H 

aHervrardtt  with  aiiimonia,  no  green  tint  u  prodund^H 

when  qiiinia   ie  eimilurly  treated.     It«  ealla  are  gco^H 

soluble  IkiIIi  ill  alcohol  and  lu  water,  llinn  tluMc  of  qui^H 

2.  Cinehoiiiiiine  (C^iI,,NjOj).— This  alkali.  nbicUH 

with  cinclionia,  occurs   naturally  iu  cerlaiu  varictira  ij^M 

biu'k ;  and  may  be  obtained  by  the  spontaneous  evapor^H 

alcoholic  solution,  iu  bard,  brilliant,  striait^l,  rhonilioi^H 

which  are  anhydrous,  and  insoluble  iu  etbcr.      Iu  ^H 

aljsolute  ak-obol   ]iroducc>t  IvfUhaiided    rotAtion    upon  ^H 

ray  •  whilst  cincbouia  jirodncea  rotation  to  tlic  right.  ^H 

dine  fiisea  at  347",  and,  at  a  bi»her  Imifieraturr,  b  ^^| 

cmtlliiif;  nn  odour  of  oil  of  bitt<;r  aloicindB.  ^H 

When  the  solutiaos  of  ibe  Haltii  of  this  ba«e  nro  iQi!^H 

eauMic  alknlirs,  or  nitb    the  cnrbunatea  or  bicartionat^H 

bases,  ihty  i^vc  11  white  prrcipitAtcof  ciuclionidinr,  wbicj^l 

beoiwes  crystalline.      Pliosphoite  of  lodn,  eorronirc  ^M 

nitrate  of  silver,  and  Mdpbix'yii.nide  of  anrnKminm,  alui^l 

pr«cipitatC3   in   solutions   of  salts    of  cindioiiir)--  -        ^H 

tempL-rature,  the  aalu  of  ciuelmnidine  fHus  into  -  f^| 

cine.       The    Sn/pAatg   [j  (C  J1,,N,0,1 '  A 

AielUtc  gniups  of  •llky  nimllcs,  tlie  -•!  ,    .„    ..Lilu^H 

to  tut  impera.     Tlio  bydrochlnratr  .  .■■■*   tt>  lat^H 

rlioinboidnl  prinin*,  sninblr  in  ahuut  twrntr-  t^^^| 

J.  CinckonidHe  ia  a  tbiid  ban:,  frhioh  b<L--   ...1^  i^^H 
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^Ke  two  foKgoiti*  ooea.  It  (s  predpttAteil  from  iu  salu 
^Bni  uC  a  rcsiiiutu  xntui,  nliich  \*  trixly  »oIubtc  in  ilcobol. 
^■tJOU  raiiM.-*  nglit-liaiidrcl  rutAtiun  vf  a  rsy  of  {)olariKctl 
^Diicliotiiciiio  lA  best  |>n'|>ftred  bv  t)ie  Mrtioii  of  heat  u|ioii 
^■Btc  of  ninctioiiia,  in  the  manner  nlready  ineutioiied. 
H  4.  CiriNu  (C„,Hj,N'jOj  +  'i  A(i  =  3Z4+-5+)  is  most  abun- 
^Wic  yellow  bark  (Ciuc/iona  cofdifotia),  in  which  it  iKcur» 
i«tth  riachonia,  aud  cumhitied  with  quiiiic  aud  (luiiiotaunic 
iimtiitity  of  the  olkuluids  varicti  iu  diflcrcat  spcciniciis 
_.,  uui.  tiwt  two  together  geflenJIy  amoiiiit  to  y^  or  4  |»Gr 
[  Iu  urtler  to  extract  the  bate«,  tho  pulverized  turk  i«  boiled 
Iw  10  times  its  weight  of  watrr  acidulated  with  i  per  cent. 
'  "f  ■  -triol,  or  with  3  per  cent,  of  hj-drooiiioritt  acid.  The 
iiied  through  a  cloth,  aud  the  residue  is  boik-d  twice 
r.<d  inter.  When  the  strained  liquorti  arc  cgld,  milk 
rbiioatc  of  soda,  is  added  in  flight  cxccsjt;  the  precifii- 
itt^d  to  pressure,  atul  th(.'u  trt-Alcd  with  hot  alcohol, 
^bppurtiou  of  cinclKJiiiiic  be  considerable,  it  crjiitallizcs  as 
PB  oixils  ;  and  a  freah  quantitjr  is  obiatticd  b}*  distilling  ull' 
If  of  thi.*  ulooliol  from  the  riwidue,  whilst  the  quiiu*  rcmaiiw 
iliou  :  thv  lii[uid  la  then  nrutralix«d  with  sidphiinc  acid. 
BMtioii  of  the  two  Wivs  IS  afterwanlii  <:om|ilctcd  bv  crvstat- 
^p  mixed  sulphates  from  a  sUghtly  acid  solutiou ;  the 
K  ofqiiiiua  bcinf:  much  the  less  soluble  of  the  two,  crystal- 
W^  Tbi-  u1k;iloid  w  then  thrown  down  from  the  Knlplmtc 
Wk  Amntonia.  Ciochonia  and  cinchonidine  mny  also  be 
H  tirDm  quinia,  by  means  of  ether,  which  dissolves  the 
^bjd  leavers  thr  cinchonia  aud  cincbunidiitc. 
^Bb  may  be  obtained  in  crystals,  though  with  some  difficulty, 
■nng  its  alcoholic  noluttoa  to  evaporate  ei>otitaticou»ly  in  a 
Hk:  «ilky  nucdh-a  aro  tfaut  formed;  thvy  arc  dissolved 
Hkv  rcAildy  by  cold  alcohol  than  the  crystals  of  cinchonia. 
Ktc<]iun«  olK)ut  350  parl»  of  water  for  its  solutiou.  By  n 
■  i^'J',  6  equivalents  of  water  arc  expelled,  and  at  a  little 
|tliM  |Kiiitl  the  nlkidi  fuses  into  a  resiiioid  moss,  tThich  may 
HDnl  in  Rnrat  part  without  decompottition.  Quinia  is  also 
||Jb; ''         ''  '  -/.inl  and  in  the  fixed  oiU. 

^L.  ^lliiablc  salts ;  but  whcu  these  tAlts  &r« 

^k  suluUoiL   tu  a  »troug  light,  or   nheu  they  are   treated 

^m  of  aijid,   they  ]»»>  into  a  resiuoid    amorphous 

^k  >n«titiite  the  substance  root  with  in  tlio  btiops  a« 

^L,  It   til   alM    contained  abundantly  in  the  mother 

^b<m  twijch  the  suits  of  quiuia  have  bccacrystAllised.     The 
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nrnplormcnt  of  an  excess  of  aci«1  in  extracting  the  alkali  from 
bark  shonM  he  svoided,  »tiice  it  appears  to  increase  the  f<m]iai 
nf  thi»  tiiicn,-«tBll!K3l]lc   eulnlitncc.      Utiiiioidinc   ia   a   mistiire 
several  basic  con)i)ound&,  amon^  which  are  all  tbc  alkftloidt  of  tbe 
cinchona  bark.      In  some  iii^taitccs  as  Biiich  an  ,50  or  6opercc&t 
of  rry»tnllijL'(l  quinidiiic  have  been  extracted  fnmi  it  hy  treatnieut 
vith  etlier.     Pasteur  coiiMders  that  the  prodiicttoa  oFqiunoidiu 
might  he  greatly  diminished  if  more  care  were  taken  iDdrjring 
haA  upon  the  spot  where  it  i«  collected.     Eiipo»ure  to  the 
rara  alioiitd  be  avoided,  for  it  is  found  that  direet  sunlight  h 
remarkable  iiitlnence  in  producing  the  change  of  the  cryi^talU: 
nlkaloids  into  the  uncrystallizablc  form. 

Tlic  salts  of  4{uinia  have  an  luteusely  hitter  taste ;   tfacf 
abundnnt  itreoipitales  nith  tincture  of  galls,  with  nitrate  of 
uxidc  of  mercury,  and  nitrate  of  silver, — alw  with  gallic,  tarUric, 
And  OKalic  acida,  and  their  salts.      If  quiiiia  be  snspcuded  in  w&i 
and  chlorine  be  traunmittcd  Ihrotigh  the  liquid,  the  alkali  U 
solTcd,  and  tlic  solution  pauses  Biicccfsivety  through  rarioiu 
nf  rose,  violet,  and  dark  red.     The  followinj^  reaction  is  rega 
AS  chnracicrietic  of  qinnia  and  iU  mctAmerides :  when  frvthl;'  pre* 
pared  chlorine  water  is  poured  into  a  solution  of  one  of  the  sdt» 
of  this  slknll,  and  then  a  few  drop*  of  ammonia  are  added,  a 
colour  is  proilueed. 

The  presence  of  einchonia  in  the  salt-s  of  quiiii.a  may  be  it-' 
tceted  in  wveral  ways  ;  one  of  the  bent  is  that  pro[io*cd  hy  Lichig: 
10  grains  of  sniphate,  or  otiier  salt  of  quinia  saspccted  to  be  im- 
pure, are  plnced  in  a  test  tiilw  with  3  drachma  of  wa^ihrd  etlicr, 
and  20  drops  of  a  solution  of  caa«tic  ammonia  ok-  added.  Tbe 
mixture  a  briskly  shitken,  and,  on  stauding,  it  separates  into  tnO 
layers,  the  upper  one  coasi«titig  of  an  etliereal  solution  of  quiiiia, 
tbc  lower  one  of  an  aqueous  solution  of  sulphate  of  ammonia  ;  ilie 
cinehonia  being  insoluble  in  either  liquid  floats  upon  the  aurfam 
of  the  watery  layer.  The  frandiiloiit  admixture  of  faliein  wilb 
the  salts  of  quinia  is  detected  by  the  addition  of  a  few  drops  of 
oil  of  vitriol  to  the  salt ;  if  raliciii  be  preaeut  it  gires  a  red  coi 
to  the  mixture. 

The  Bulpkate  of  quinia,  usually  called  the  di«u/j 
[3  (HO,C,,H,,N,OJSp,+  i4Aq  =  746  +  i3fl],  b  the  aalt 
ployed  in  medicine:  it  erystalliEoa  in  snow-white,  very  light, 
bnlky.  cfflorcAcent  needles,  which  arc  sparingly  soluble  in  nalcr, 
but  abuiidniitly  w  in  dilute  stilphnric  arid  and  in  alcohol.  The 
acidulated  solntion  showa  the  pbenomenon  of  flnorescenee  (104) 
ia  B  striking  manner.     Bu\^\\«.le  <A  i^uva  tu&ea  easily  on  the  «p> 
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Ication  of  iteat,  aai]  emits  a  pfaospliorc&cent  light.  Au  nctj  ttii- 
aiuite  CC„llj.N,0^,alI0.S|0,+  i4Aq}  may  be  obtaiaed  by  <!»- 
lolviug  tlic  foregoing  salt  iu  sulphuric  acid,  jtnd  conccntratiriy^  tlic 
Liquid  j  it  crystallize*  iu  nuiall  uccdlcuj  wUicli  »re  fi-uely  wjluble  iu 
■fttcr,  sad  iu  alcohol. 

A  reniarkithle  compound  of  iodine  and  tnljiliate  of  quiiiia 
CC^Hj^NjO^I^ji  UO,SjOe-hio  Aq)  luw  beeu  deacrlbwl  by  Dr. 
Ilcrapatb.  It  may  )>o  obtained  by  dissolving  the  blaulpbato  of 
qiiiiiia  in  concentrated  aoetic  acid,  and  adding  to  the  beiited 
liquid  ou  alcubulic  eulutiuu  uf  iodine,  drop  by  drop.  After  sUnd- 
iog  (or  a  few  hours,  the  salt  is  deposited  in  large  flat  rectangular 
plates,  which  when  seen  by  reflected  light  are  of  n  brillinnt  green 
colour,  with  n  iiietuUic  lustre,  liUu  the  Hriug-uutua  of  the  blistering 
beetle.  Wbeu  viewed  by  tranemitted  light  they  appear  of  a  pale 
olive  tint,  but  the  light  «o  transmitted  is  perfectly  polarized  ;  bo 
that  if  a  nccond  plutc  cruiu  the  fir^t  at  right  angles,  the  whote  of 
tbo  light  is  as  completely  arrested  by  the  overlapping  portions,  as 
it  would  be  by  two  overlapping  plates  of  tourmaline,  the  axes  of 
which  cross  each  other  at  right  angles  (IT3).  Quinia  passes  un- 
iuto  the  untie,  and  may  readily  be  ilctccted  ia  thia  excrc- 
from  patients  to  whom  it  has  been  freely  administered. 
When  s  solution  of  sulphate  of  qiiiiiia  is  boiled  with  one  of 
Itrite  of  potash,  nitrogen  is  evolved,  aud  the  liquid  whcu  tuiacd 
ammonia  deposits  a  white  crystalline  hydrate  of  a  neu-  Ijase, 
fquiDia,  which,  when  dried  at  302",  consists  of  C^yllg^NjO,  ; 
;but£cnbcrgcr] .  It  u  much  leas  bitter  tbuu  quinia,  and  is 
iblo  into  a  n^siiioid  niaBs. 

5.  QuinidiHe    (C^H„N,0^  +  4  Aq)  is  a  base    isomeric    with 

inta.     It  is  extracted  from  quiuoidinc  by  treatoicnt  with  ether. 

lie  ethereal  oolutiuii  if  leil  to  apoutaneaus  evaporation  crystallize* 

with  fat-'ilily,  in  lung  rhombic  efiloresceat  prisms.     The  solution 

pf  quinidinc  in  ab:tobitc  alcohol  produer3  light-handeil  rotation  of 

a  polnrixed  ray  (PiL%teiir),  whilst  a  similar  tiolattou  of  quinine  pro- 

Iucca  rotation  to  the  left  (Bouchardat).  Quioidine  a  much  less 
!t]uble  in  water  than  quinia,  for  it  rcquin^  about  1500  parts  of 
(Id  water  for  mlution ;  but  it  is  much  more  soluble  tbuu  quinia 
I  eUier.  When  heated,  it  losM  it«  water  of  crystallization,  and 
i  fiuei  at  JK^.  Tbe  acid  sulphate  of  quiiiidinc  is  much  le»s 
soluble  than  the  corresponding  aalt  of  quinia;  whiUt  the  oxalate 
JB  freely  soluble  iu  water,  and  may  thus  be  separated  from,  the 
■palate  of  quinia,  which  is  sparingly  soluble.  Chlorine  ud 
HEUBOnia  produce  a  green  coluratiou  with  tbe  salts  uf  quiuidiuc, 
Btnilar  to  that  which  the^  ocx:aaiou  with  those  of  <yum»>. 
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6.  Quiniciae  is  protlucctl  by  tbc  itcCioa  of  heat  upoa  tlic 
of  qainia  and  quinidiiie.  It  ia  pmcipkated  tij  alkalies  iu  the  form 
of  ft  fluid  rcsiuous  [na»9,  wbicli  combiner  rctidily  with  ncidn,  and 
forma  bitter  nncrj-staUiiable  iialtii,  endued  with  fubrlfugc  pro()cr> 
tics.  These  siUt«  arc  luetaueric  with  those  of  quinia.  Quiittciae 
i<  freely  soluble  in  alcohol :  the  solution  producm  right- hautlcd 
rotation  of  a  ray  of  polarized  light. 

The  rdation  of  the  citicboua  ulk&lies  to  polarized  light  i»  re- 
markable, and  may  tlius  be  exhibited : — 

Qiiinin  produces  a  powerful  left-Tiandcd  roialjou. 


QuinidiiK! 
Quiiiicine  „ 
Cinchonia  „ 
Cinchonidine  „ 
Cinchouicinc  „ 


a  powerful  right-handed 
a  feeble  right-haodcd 
a  powerful  right- hnnded 
a  powerful  lefl-haudi^d 
a  feeble  right-handed 


Pasteur  coneiders  tliat  quinia  ajid  ciiicbooidiue  each  con 
two  active  groups,  one  of  which   produces  strong  Icft-haodcd  ro' 
tion,  the  other  produces  a  fechle  right-handed  rotation,      lie 
regards  quinidinc  and  cinchonia  a»  each  cnnnisting  of  two  groa 
one  of  which  exerts  a   jwwerful   right-liaiideil    rotation,  and 
other  a   feeble    lcft-hatnied    rotation ;    and    he  suppoBc*  that 
each  of  these  bases,  by  the  agency  of  heat,  the  more  po«' 
group   is   rendered   inert,   whilst    the    weaker    one   remains 
modifiod,  thtis  oecaaioning  the  effects  observed  in  quinicinc 
cincbonicine. 

7.  Aricine  or  cinchwatUie  {C^^IIj^NjOg). — ThU  base  U  less 
abundant  than  the  two  alkalies  just  described.  It  has  been  foand 
in  a  white  variety  of  ciuchona  ba.rk,  ami  has  been  but  incompletely 
examine^].  Ariciiic  crystallizes  ia  white  needles,  which  arc  fut>ible 
at  370°,  but  not  volatile:  it  is  soluble  in  ether;  with  nitric  acid 
it  strikes  au  intense  and  characteristic  green  colour. 


(6)  Aikahide  co'tlained  m  Opium. 

(tao6)  Opicm,  the  inflpiisated  milky  juice  of  the  papavera 
'im  vfry  GompUcatcd  substance,  the  composition  of  nhieh  varies 
greatly  even  when  it  is  not  adulterated,  as  it  often  is  very  largely. 
Genuine  Smyrna  opium  is  tiie  liext  variety,  since  it  conluns  the 
largest  proportion  of  morphia.  The  following  coostitucuts,  with 
the  exception  of  opianiQe,  bare  been  ascertained  to  exist  in 
kiaJs  of  opium : — 


AUULOIDI  CONTAIXED    IN    OriCSI. 

irf"-ii«idd.    .    .    .  jltO.CyTtO,,  r»iB<to8pCTMnt. 

rt C,,H,|,N(.l,      friMn  6  to  ti  jier  vpnU 

■     .     -     .  C^II^NO,      lc«*  Lhnn  i  perc«at. 

«      ...  C„l]j,NO(  dillo. 

■rorine    ....  ('.,.»„>' O,  iiuo. 

.     .  l",;H  jXl),,!'    {Troin  ]-:^ptinn  opium.) 

...  L'    H"  ,N<1,.      from  6  to  H  per  isont. 

■uiouiinatMr     .    . 
I  f^outelujue   ....  4  or  5  per  »m. 

EwmtUl  nil  ...    . 
'  JlnFilB^e  or  gum 

pv  of  the  Opium  ba«e«  esbibit  u  vcrj*  intimate  relation  to 

tr,  ahtiouj^h  us  jct  the  cffoi-tsof  the  chcmiat  to  trausfomi 

into  the  otlicr  have  been  wiihoiit  xnoce-ss.      ^larpbia,  it 

itBecred,  dilTcrs  from  codeia  in  cuutainiiig  one  equivalent 

tbc  compound   (C,Hj),  although  the  two  bases  do  not 

cla«e  rc&embluiK-c  UMuiltjr  oinervvd  bclvret^ii  tbc  coii- 

iinnbpni  of  a  homologous  scries.     Even  if  lite  relation  were 

kf  onJiDar^-  hinaolngj',  the  actitHi  of  iodide  of  methyl  u]K.tn 

light  cause  the  production  of  wxlcia,  jii«t  as  dimellivlia  is 

fiom  roelhylia  by  (jmilar  treatmeul ;  but,  inrteiid  of  ibis, 

of  iudidn  of  mi-thyt  upon  morphia  is  attcndnl  vilh  tbc 

of  H  u(?w  btuc  of  the  umtDOnium  clasft.      Thcboia  coii- 

atoma  inorG  of  cArlxm  than   rodria,  and  papaverine  i 

marc  nf  carbonie  oiide   (C^Oj)    ttiau  tliebaia,   wliittt 

if   f»erhanlt'»   interpretation   of  the  rcsiilla   of  Iliotcr- 

Bdmittfd,  contains  i  atomn  of  carbon  and  6  of  oxygen 

papaTcriue. 

iiloc  lui*  liiiliL-rlo  only  been  found  in  Egyptian  opiuiD, 
ft  hut  iniperi'cctljf  exntniued. 

]ula  of  uarccin,  as  ^vea  by  Anderson,  diOVra  from  that 

oarccitine,  in  containing  4  atotnf'  moro  of  water. 

nptam  alkalieai,  mnrphin,  codcin,  and  pajutrcrinc,  combiiiu 

>itU  iodine,  and  form  crjralallizable  eompouncU  coiitaiuin^ 

-  nlcuts   of  iodine  to  one  of  the  alkali.     Codeia  also 

(Mil  atoniH  of  <^-iuiog[-it ,  tind  forma  n  ucw  nud  divtinct 

True  substitution-compounds  may  also  be 

I  from  codeia  with  tbc  halogens,  and  with  nitric  acid,  in 

one  or  moru   atoms  of  hvdn^cn    ore   diifpUccd  by  a 

dtap  namlwf  of  equivalents  of  chlorine,  of  bromine,  or  of 

of  iiiUtrgeit. 

')  fMi/n/icn  0/  Ifie  ('ouiponnits  of  OpiiiM.— The  separation 

urni  haaett  from  each  other  is  a  matter  of  oun^ideiBble 

ftnil  can  oul/  be  performed  wtiafactorilj'  wlieu  large 
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BiBHS  of  opiana  are  acted  upon.     Tlie  rollowiug  a 
tibe  Dcthod  to  be  adopted,— the  morphia  bciof;  flnt 
tlw  pnxwss  of  nnherlEon   bdi]   Grcgoiy,  and   tbft 
baiag  aftrrwarcU  trcatnd  for  tUe  other  alkalicn  nponj 
plu  [TVdM.  /?oy.  £oc.  Ed.  sx.  347,  and  xsi.  20.1)  ^—1 

1.  MeeoHte  Acid. — An  aqueous  infusioa  of  opium 
by  mixing  Rcreral  pounds  of  the  ilnig  nith  three  tima, 
of  WKtvr,  straiuiug  tlic  Holutiou  thruugli  liucn,  luid 
raaidoe  two  or  three  tinica  witli  frc*h  portions  of  wal< 
luiuid  is  tliiiii  obtxiued,  vliich  i»  to  be  coiicfiitritc 
rvtion,  U)d  mixed  with  vulBcicnt  dtalli  to  rmiter  it 
solution  of  cbloridc  of  calciuiD  cuntainiii^  a  quantity  of 
equiU  to  about  oue-tn-entieth  of  ibe  weight  of  tliu 
|i)oTcd,  is  then  to  be  Mlded.     The  prrcipiute  which  i^ 
aionrd  coDsiatn  of  mccoQate  of  lime  (l  1 J4),  and  must 
bf  filtration. 

2.  Narcoline. — A  large  amount  of  narcotine  red 
portdoii  of  ojiium  which   iit  itol   soluble  in  water ;  it 
tmctcd  by  adding  acetic  acid  to  tlic  ma»»,  precipitatic 
liqaid  by  the  nddition  of  ammonia,  aiid  purifyiiiK  the  1 
title  by  digettiiig  its  solutioa  in  alcohol  with  auitual 
cMfjratallistng. 

3.  Morphia. — The  clear  lii]uid  filtered  from  tbs 
lime  is  cvaporatixi  till  it  acquirvit  tho  con»iaU-ncv  of 

.Ou  cooliii}^,  it  I>e4wu)e9  aeoii-aolid,  from  the  furiuatk 
'bydrochlorste  of  morphia;  thi<  salt  may  Iw  parilic 
lilliiatioti,  ul^cr  the  atrongly  coloured  inothcr>liqt: 
•eparatcd  from  it  by  pressure. 

4.  Codtia. — Ou  further  conoont rating  the  mc 
lb«  bydruchlomtv  of  oiurphin,  a  fresh  cnip  of  cryabila  I 
••k-oh  «i>u»i»t8  of  a  mixture  of  the  faydroclJorates  of  j 

::x.     tf  thi»  be  dismhed  iii  hot  water,  and  sa( 
iho  morphia  is  prccipitutcd,  while 
misod   with   muriate  of  aminouia. 
mkllMMi  !•  concentrated  hy  eva|M)mtioii,  niul,  on 

tbo  ciKlcin  is  sqioratcd,  partly  in  tlir  form  ot 
licvomes  solid,  aiid  partly  in  crystals  which 
^  1^  Ufuld  cools. 

'Art  Uack    mothor.li((uor  from   wliich  the  hydr 
1 ..  ■>..<  i-«x]cia  have  been  H-parntiNl^  cnuUutis  tfa* 
■«a.     It  ii  to  be  (liluLivd  with  wativ, 

11  mntlrr  which  are  tl 
^   .Uded  as  long  sa  a  prcci,.,..... 


UlTWH    or   tUK    ALILILUIDS    COKTAIKED    IN    OPIVM. 


401 


{&)   eofitaitu  a  Urge  proportion  or  narcotioe  and  of 
•iiuill  qu&iititien  o(  thdiaix  ami  papaverine.     The  liUrato 
UA  nurcein  «ticl  urcoiiiiie. 

wctria. — Tu  the  SItcrcd  litjiiid  (b)  a  solulion  of  acetate  of 
dcd»  Ao  lon^  aa  it  occasions  a  precipitate  ;  a  dirt;  brovn 
mnUer  a  Uiiw  thnjwii  itowu,  and  i»  to  be  separated  by 
tlirough  a  cluth ;  the  oiccss  of  lead  is  removed  by 
■rd  liydrof^n,  and  tlto  filtered  liquid  ia  conoeittrated  by 
oil  to  K  V"'!*!  "^bicti,  on  stauding,  becomes  filled  with 
itrt  fiilky  crystals  of  narocia ;  these  may  be  purified  by  a 
Tstallixatinn. 

tca-int. — The  inotbcr-liqrior  from  the  oarccia  ib  ngitatcd 
ttrth  of  its  bulk  of  ether,  and  the  ethereal  valutioo  is  de- 
tiiis  |irt>oe94  is  repeated  upon  the  aqueous  portion,  with 
jona  of  rthi-r,  «o  long  as  the  ether  becomes  eolourcil. 
real  solutions  are  Bubtnitted  to  distillation,  aud,  on  tlio 
if  water  to  the  residue,  a  retinoid  subslanoe  U  separated, 
cb  h<irdr(H:l)Ioric  ncid  cxtiseta  a  portion  of  papavcriue, 
Uaolreil  portion,  when  ciystalUicd  from  iUi  tulutioa  in 
■tcr,  yielda  needlea  of  mecouuie. 

'Jiti<mnf  ipinntittf  of  .Vorc«/(w. — Tlic  preetpitatc  (a),  which 
tvd  by  juntnutiiit  fn>ni  the  nioth4^r-Iif|Uoni  of  the  mor- 
codeis,  ia  at  lir^  Rnmular,  but  if  lert  iu  the  pit-sa  it  soon 
into  a  retinoid  mass  \  in  order  to  prevent  this  a^lo* 
ii  must  witlioutd^lay  bt!  brukcii  up  and  diQiwed  through 
raioed,  again  praised,  and  the  witshioga  repeated  until 
iff  JMSwlr  colourless.  A  portion  of  the  precipitate  is  tlicn 
th  rectiltcd  Kpiritj  and  the  liquid  filtered  while  hut; 
narootinc  arc  dc|H>«itod  as  it  cuoU.  The  spirituom 
then  lioilcd  with  a  frc^h  portion  of  the  precipitate, 
proces*  lit  n'peated  until  the  whole  of  the  pru- 
la  baa  oo  treated ;  the  iiarouttiie  obtained  in  this 
D  bo  added  to  that  already  procured  from  the  undia* 

tbma. — The  spiritoous  mother-liquor  firom  whieh  the 
baa  crysiallised,  now  coalains  reuoous  matter,  bcaides 
taag  aomc  mtreT>tiiic,  and  nearly  all  the  papaverine  aad 
Tlie  alcohol  is  distilled  off',  the  baseii  are  separated  from 
brown  TFaiduc  by  means  of  acetic  add,  and  the  solution 
.".,...1 ;.  dpcautiy]  from  thcuiidi)i»olv«l  portion.  On  adding 
ic  ao'tate  of  load  to  the  acetic  »oIut.iou,  the  whole 
.110,  narcotinr,  and  re»in  aru  precipitated.  The 
>  ntst  removed  from  tlie  aapertiatant  liquid,  by  the 
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Mitlttion  of  sulplinrie  ncul,  and  fiUnitton ;  and,  on  ihco  iim 
slight  cxccM  of  omtnouia,  iiri[mn:  tLcbau  is  tbrowii  ilutia:| 
puriBcd  by  digestiou  vitli  aiiitnal  cIiRrcoal,  unA  n-crrtiXJSd 
fmin  alcohol.  1 

9.  Papavrrine. — The  greater  part  of  the  paparernie  ■ 
taincd  in  the  precipitate  whicli  ia  separntnl  froni  tbe  bC^H 
tion  of  thchfiin  by  i>.ubacct&tc  of  lead.  lo  order  to  boUM 
predpitatc  is  rcdnccil  to  a  lino  ponder,  and  boiled  irith  ti 
The  alcohol  is  distillled  off,  and  the  dark  brown  residue  itU 
with  dilute  hydrochloric  acid,  and  filtered  from  iindtssalMdl 
the  solutioD  is  then  cooccntrated,  and  left  to  spDotauraoii 
ration ;  crvstals  of  hvdrochlorate  of  papaverine  arc  Uii*  | 
ally  foniied,  whii&t  the  aceumpanyiug  iiarcotiuo  is  retail 
Mlutiou.  J 

Oiie  of  the  Kreatcet  difficulties  in  the  parificntion  ofOI 
bnses  u]ioa  a  >m8)l  scale,  ariacs  from  tbo  prewucc  of  ^M 
rrsin  ill  the  dnig ;  which,  tliougb  not  posacniog  ibe  fM 
cither  of  an  acid  or  of  a  base,  i»  readil)'  aoloblc  in  dil^| 
am)  ill  Koltilions  of  potash,  but  Kpniingl}'  to  iu  amtno^^| 
also  »ulublc  in  alcohol,  but  msoliibli)  iu  ether.  It  ia  ftudM 
tciuperaturc  cousiderably  below  that  of  boiling  water.  M 
Koltiiioiis  of  opium  contain  it  in  cousiderahlc  quunlitjr,  M 
owing  to  the  free  neid  which  is  present  in  the  dnig.  _fl 
addition  of  ammonia  it  is  precipitated  with  the  unmI 
other  ba&cs;  and,  if  the  solution  be  heated,  the  rc«ia  foH 

I  occasioning  the  entire  precipitate  to  aggluitierate  inin  tm 
mass,  which  uMumca  the  form  of  a  brittle  solid  on  oooti^l 
(1208)  I.  MoRPiiu  CC„Hi,>;0,+  a  Aij  «  385  +  ™ 
base  oecurs  in  eombination  with  meconic,  and,  sooiell|H 
sulphuric  acid.  U  appears  to  be  the  priocipat  K«bM| 
fttitueut  of  opium,  of  which  it  constitutes  from  oae>«e<M 
one-sixteenth  by  weight.  In  large  dosea  it  acu  as  a  fd 
nareotic  puiwu.  M 

Proprrtieg. — Morphia  {no  called  from  Morpltros,  In  mH 
its  iiarcotie  properties)  erystallixcfl  generally  in  short,  f^H 
prinms,  with  two  equivalents  of  water  of  crrjitallixataii^l 
gentle  heat  the  water  is  cx|iclted,   and    the   alkah   m^H 

k  reainoid  Biihstjtnce,  which  solidifie*  into  a  radiated  i>rvUi^| 
on  cooling:  by  a  hi};hprheatit  is  decompowil.  .B 

1 1)  about  1000  timed  it»  Height  of  colli,  and  ill  4C<^  .1  f^H 

the  solution  lias  a  bitter  ta»te,  and  elianKfs  the  yvlJo4^| 
tnnneric  paper  lo  brown.  Boiling  alcohnl  ilimilvcs  it  ^^M 
hut  it  18  insoluble  in  ether  and  iu  chlomform.     ll^H 
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*  powerful    rotation   to   llic   \e(i   upon   a  mj  of 
iL    Tbe  fixetl  8lkalie«  *iici  nlkaluie  earthii  dissolve  mor' 
go,  mid  (Vpoeit  it  in  crystal^  »  tlic  solutions  hy 

C  Atinntpiicn:  uhnorb  carbonic  acid.  AmmantB 
norc  spnringly.  Concentrated  nitric  acid,  when  np> 
rstiU,  either  of  morphia  or  of  ouo  of  its  salts,  produces 
low  or  arsDgc  colour;  and,  ultimntplj',  oxalic  acid  ii 
muturc  of  nitric  aiul  sulphuric  acids  colours  morpliia 
III  inorptitii  is  niied  with  iodic,  or  with  periodic  acid, 
ratvdi  which  may  ho  recognised  by  its  brown  colour, 
Ine  which  it  yields  on  the  addition  of  a  solution  of 
nmtral  solutiott  of  perchloridc  of  iron  strikes  with 
TV  characteristic  blue  colour,  which  is  destroyed  by 
acid,  'rite  salts  of  morphia  give  no  precipitate  with 
but  a  copious  curdy  one  with  taiiuic  acid  and  its  salts, 
lu  is  bntcd  to  400°,  with  hydrate  of  potash,  an  alkn- 
•tili  over,  containing  cthylia.  The  salts  of  morphia 
adity  ;  they  are  very  mhiMe  in  water,  and  in  alcohol, 
soluble  in  ether.  Thvy  have  a  bitter,  disagreeable 
teir  K)ltition  be  mise<l  with  tartaric  acid,  and  iuper- 
mbicarbonate  of  »odu,  uo  precipitate  is  formed. 
^■pcar*  to  iieloDg  to  the  class  of  nitnlc  bases;  since, 
Hilh  iodide  of  ethyl,  or  with  iodide  of  methyl,  it 
Ttthylomorphium,  or  of  melhffhmorphium,  oorrespond- 
of  nmmuiuum.  Iodide  of  mcthylomorpbinnt  baa  the 
[C„Ili,(C3ll,)N0„.I]  (How.) 

ion. — Several  methods  arc  in  use  for  extracting  mor- 
»(Uin,  On  the  largo  scale,  Uobcrtaoo's  process,  as 
Gregory,  and  alrcftily  dc»c!nl)cd,  is  generally  adopted. 
iinple«t  and  best  plan*,  if  the  operation  be  it[ion  a 
■  thai  propose"!  hy  Mohr ;  it  is  founded  on  the  solu- 

Ka  in  lime  wati-r,  and  the  inWiihility  of  the  oilier 
ntd  : — Gaeh  pound  of  opium  is  dijj^tcd  in  3  lb.  of 
.•d,  and  the  lii}uid  c^pres^  from  the  imdiasolvod 
li  Ls  twice  eimiliirly  treattxl ;  4lb.  of  lime  is  Iwilcd 
^pter,  and  tbe  mixed  opium  infusions  arc  added,  iu 
Kat  a  time,  to  tbe  milk  of  lime,  which  is  kept  boil- 
is  filteml  fn>m  the  rcHiiltie  containing  utidi^solvcJ 
her  opium  alkalica  :  tliis re-niduc  i«  twice  boiled  up 
Tlie  fdiercd  liqiiidn  arc  mixed,  and  cvaporatod 
iota,  again  filtered,  hciiti'd  to  Wiling,  and  one 
•al-animotnae  is  added.  By  this  mcaiia,  the 
,  aitd  tlic  ammonia,  aa  it  is  liberated,  ia  volatir 
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Hzcd  at  the  high  temperature  pmplored  :  morpliia  a 
imoinliatel;-,  and  increa&ea  in  quautity  as  the  lii]ijid  ood 
morphin  thus  oblaiued  is  of  s  Oeep  liroiru  t'olour.  It  \ 
fbro,  m-A'ttsoWcd  in  hjdrochlonc  ni.'ii),  a(>aia  tmtt«d 
oT  lime,  and  a  second  time  predpitated  by  luit-i 
alkaloid,  if  the  solutiou  be  dilute,  ia  now  dejKi^tcd 
crjetaia. 

The  HydrocMorate  (C„n.,>'0^,Ha  +  6  Aq=3ar54-" 
most  imporLaiit  t-alt  of  mon'Iiia ;  it  cry^tullisua  in  tjllt; 
aiiil  is  readilr  soluble  in  «iit«T,  ccpccialljr  if  it  coalain  a  I 
liydroclitoric  acrid.  It  is  also  dissolted  freely  by  akoU 
Acrtate  wus  funaerl;  a  good  deal  tined  in  medicine,  but  it 
disadvautagc  of  being  sligbtlT  (lclii{ac»cent,  and  of  tosing  m 
ha  aqaeoos  sotntion  ia  evai>urat«d.  Tlie  Sulphate  [3  ^C^ 
HO)SjOg+io  Aq]  cnrstallizBB  in  luft«  of  colourlrts  pri»Bi 
Ctfrate  IB  fSiii  to  farm  tbc  btvfis  of  tlie  sedative  lucidioiBl 
under  the  name  of  the  Hlack  drop.  1 

(1209)  2.  CoDEiA  (C^H„NOj  +  a  Aq  =  299+ 18  t  Al 
— Podcia  (from  KuStt,  a  poppy-bewd)  appears,  like  nuirpll 
one  of  the  nitrite  baws ;  since,  «hen  treated  with  iodide) 
uid  tliea  with  OKide  of  silrer,  it  yields  a  powerful  alkalinl 
the  aumoniuiD  olaaa.  It  is  coutaincd  in  opium  only 
proportion,  for  it  docs  not  amount  to  more  tlinti  fniin  ww 
to  onc<thirticth  of  tbc  quantity  of  morphia.  Tt  hai  a  pt 
alkaline  reaction,  and  i&  remaikable  is  bcinf^  «))'i' ' 
of  cold,  nud  in  17  of  l>oiting  water :  thif  solntion  t!> 
osidcit  of  lead,  of  eopppr,  of  iron,  and  of  several  other  i 
a  solution  of  tUt-ir  salts.  If  codoia  bo  boiled  ii'ith  le 
ia  neocfvary  for  its  solution,  it  mella  beneath  the  Uqu 
looking  fluid.  Codeia  crystullizcs  from  it*  nqueoD* 
bold  rhombic  octohedm.  If  heated  alone,  it«  brdl 
lu«c  1  Aq,  and  niidei^o  fuKlott  nt  yxt".  Both  elber 
dissolvo  eodeia  freely :  the  ethereal  volution,  by 
oraporatioii,  yields  line  anhydrous  priatna  of  the  alkali 
tiona  exert  le.n-handed  rutalion  cm  a  ray  of  |>olarixrd 
caustic  ulkalieft  dissolve  it  but  very  flpaiingly:  when  dt* 
potash,  cvdeia  yielil»  ammonia,  mcthylia,  irilTlia, 
eon■|^olltld»  &tttl  higher  in  thin  M-rie*  of  nlcnlinl 
of  eodeia  are  pructtcnily  uiiiniportant :  tiicy  havti 
examiuud  by  Andcmin,  and  they  appear  to  bav 
cotie  action  when  taken  mciliciiially  :  tltcy  nrr  ■ 
nilrio  ncid,  uor  blue  by  iverelilnritle  of  iron,  bot  an  pp 
iiifuaioo  uf  gnlbi.     The  liydnchhintc  cr;.ftaUitc« '  '  ' 
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3.  TViebaia,  or  Paramorphia  (CjgHj,NOj). — This  alkali  crys- 
tallizes from  its  mtatton  iu  alcoliol  or  in  ether,  in  sifuuro  plates  of 
silvery  lustre,  wlnoli  liave  a  styptic,  acrid  taste.  It  i»  poiaonous 
when  taken  interDally,  and  is  said  to  produce  tetanic  Byinptoms, 
nsscmbliog  those  occa^ioiicil  liy  strychnia.  Thebaia  is  inRohiblc 
iu  alkaline  liquids:  it  fu&es  at  257°:  conceiitrAtiKl  )tuli)tiiiric  acid 
colours  it  of  a  deep  rod  :  its  saILb  do  not  cry«talli20  readily. 

4.  Papaverine  (C,„Uj,NO,)  is  distinguiMhcd  from  the  other 
ui>!ura  bases  by  giving  wttK  cnncentrated  siilpliunc  nrid  n  de«p 
Itlue  coloar.  It  it  epariiigly  soluble  in  cold  alcohol,  and  is  de- 
sperated from  a  hot  alroholic  solution  in  small  conFiisnd  crystals, 
k  {taio)  5.  Nart^tine  (C„H^;NOi,  +  a  Aq  =  4^7+ 18  ;  Blyih  ; 
P^^'il'lcr). — The  quantity  of  narcotinc  in  opium  varies  from  6  to  8 
I     per  cent. :  this  body  can  hanlly  be  said  to  possess  alkaline  pro- 

perticf.  It  is  nearly  insoluble  in  wnt«r,  but  is  freely  sobible  in 
aIcoIioI,  and  still  more  so  in  ether  and  in  chloroform ;  iU  etliereal 
■olDtion,  by  spnntnncous  evaporation,  yield*  it  crystallized  iu 
aeicular  groups,  or  in  colourless,  brilliaut  right  rbutubic  priami> ; 
these  crystals  are  soluble  in  tlie  fatty  and  e«>aenlisl  oils,  but  arc 
ttuolubtc  iu  tlic  caustic  alkalies.  Solutions  of  imrcotinc  cscrt  a 
poircrful  Icfl-hnudrd  nitation  upon  iiolsriuul  light :  vhnn  the 
solution  is  acidulated,  thl'>  rotatory  power  is  revej-scd,  and  becomes 
ppht-handcd.  At  340"  nnrcotiue  fuse*,  and  loses  water,  and  by 
a  liigher  temperature  it  is  decomposed.  Acids  dissolve  it  freely, 
hut  the  solutions  are  drroinpoMe')  by  the  nilditioii  of  a  Urge  bulk 
of  water:  they  are  precipitated  of  a  bright  yellow  on  the  addition 
of  iofuskni  of  galls.  A  mixture  of  concentrated  sulphuric  and 
nitric  acids  produces  a  bloud-rcd  colour  with  narcoliiic  and  its 
ooaipoands.  Nareotine  is  less  active  as  a  poison  thau  morphia; 
bat,  <rbeii  adniiuiHtored  toa  Ao%  in  a  done  of  2-^  grains,  it  speedily 
{Moduocd  death.  The  salts  of  narcotiuu  have  a  more  bitter  taste 
than  thoM  of  morphia:  the  chloride  and  acetate  crystallise  with 
diflScult^  :  most  of  its  other  salts  form  gammy  compounds,  which 
do  not  cnr'stallizc.  Tlic  doulile  salts  wiib  bichloride  of  platinum, 
and  terchlortdc  of  gold,  are,  however,  casdy  procured  iu  crystalline 
Rales.  INarcutinc  is  contained  largely  iu  the  portion  of  opium 
which  remains  undissolrcd  when  treated  with  water.  If  this 
residue  be  digeited  with  aeetic  actd,  and  the  solution  be  Mi|>cr- 
sstaraleil  with  ammonia,  nareotine  mixed  with  colouring  matter 
ta  tiiniwD  down  :  it  may  afterwards  he  purified  by  soUition  iu 
aleobol,  and  tmitmcnt  nitb  aiiiruul  charcoal.  If  any  of  the  actd 
Mlatioos  of  nareotine  be  saturated  with  chloride  of  eodiufn,  \!Ek& 
liqotd  becomes  turbid,  and  the  DfUVotJiie  is  defiled  m  \.^c  courw. 
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of  a  feiT  days,  in  crvstallioe  ntassn.     This  properly  hin^H 
been  taken  advantage  of,  in  tlic  acpvatioa  of  narcoliiK'  fr>ilfl| 
M'hcii  niircotitic  i«  diMlillcil  irith  coiicentru«t]  li^dricxllc  kk'iln 
rather  more  than  iU  own  ireight  of  iodiilc  of  ntetlivl.  or  5  a 
the  io(]i<Icfor  each  atom  of  iiarcotine.     Thia  iaiudc-ed  a  ena 
moiie  of  procuring  iotlide  of  Diethyl  (MsUhtC9»ca  aod  Pott 

Wertheim  believed  that  he  had  pKned  the  cxislew^  « 
homologoiLi  narcotiues,  rir.,  mctUyl-uafxwtino  C^U^N'O,, 
narootine  C^jHjiJfO,^,  BJid  trilyl-nnrcotiuc  Cj,li_^NO,^ 
tliicMCa  and  Filter,  however,  who  examined  n  large  cjni 
natvotinc  from  various  sources,  found  ouly  one  kind,  to  *t 
aaeigncd  the  fonaiila  C^^II^tNOgp  or  Cjltj  lr»  tliau  tbst< 
by  \\'ohlcr  and  by  Btyth.  It  does  not  a[)|)ear  to  t^sert  anjr  | 
effect  upon  tbo  animal  ecoiH>iuy  if  taken  iutcmally. 

Is^orootiitc,  under  tlic  osidixiog  iu6ucuce  of  tiicUorUl 
tinum  or  of  [leroxidc  of  niaiif^ancse,  is  dccanipoMrd,  and  gl 
to  aomc  very  rt'iiiarkablc  couipoiind*  (Wohler  ;  Blyth, 
1.  1  and  29 ;  Anderson,  TVaiu.  lioi/.  Soc.  Bd.  xx.  359). 
pcara  to  Kjilit  up  into  a  new  base,  termed  colamine,  and  into) 
or  into  produetii  which  arc  the  result  of  the  dcoo^ 
opianvl : — 

If  the  oxidation  he  more  etiergetic,  llie  cotnrainc  is 
into  aiMphyUic  acid  (tIO,C,j!I,NOj),  and  clhylia ; 
opiauj'l  yields  opianic  and  Kemipinit  adds: — 

OptMft.  0|HHI>  mM.  .i^ 

Cotaminc  contains  all  the  nitrogc-n  of  tiie  11:'  < 
fuaible  acicular  crystaU,  which  are  apoiringlf  dt*solvc 
or  by  a  eolulion  of  potash ;  hut  they  aic  freely  aolul 
ether,  and  t>oluliun  of  amoionia.     Cotarn'mc  is  Tea^ljri 
boiling  a  eolultoa  of  narrotinc  in  hydroHiloric  acid, 
ridi-  of  plntinum  :  M\c.  liquid  becomes  uf  «  hloud'ird 
rod  cryittaU  of  tJie  hichluridu  of  pUtinum   and   bydt 
cotamine  (Ce,H„NOj,HCI  +  PtCy  aro  dBicaitod: 
eiisily  procured  by  dfcowposiuK  this  salt  irith  hi    ,  " 

It  will  be  uniicvcsxary  to  enter  into  any  nn 
tite  propertiM  of  tbct  various  pmiluctx  obtained  by  the  1 
tian-otiuc,*  fOT  they  pnscnt  but  liitio  intri 
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oboDiit*  KtiL'  t III!  form ab  for  cuUruiuviui.f.M. 
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%  knowledge  of  their  coiaposition,  and  of  the  niode  of  tlieir  forma- 
tion, i»  esveatial  towaitls  the  vxplanation  of  ttiv  ratioaal  oomposi- 
tion  of  tlie  group  of  alkaloids  ooutained  in  opiuni. 
II       6.    Opiamjl,  or  Mevonine  {C^Hj^Oa)  may  Qot  oaly  be  forn»ed 
B  the  oxidaiiou  of  narcotlnc,  but  it  exista  in  opium,  in  email 
qnaDtitjT.     This  ftubatance  doea  not  potsesft  baaio  [)ropertieR  :  it  i» 
ftccly  soluble  in  boiling  vutf  r,  aiul  cry stalluCH  in  while,  inodorotis, 
MX-std«d  priMniA,  which  nrc  sparingly  eolubh:  iu  cold  w»tcr,  but  are 
rcftdil^  disBolved  by  akobol,  and  ether.     It  faaes  at  194°  (330", 
Aodenoo),  aiid  may  be  distilled  without  altenttiou.     It  is  soluble 
ia  oouoeutratcd  sulphuric  acid,  uiid  the  liquid  become*  purple  wbcu 
gently  heated,      derliardt  coiiMdcra   thut  body  to  he  a  kydtide  of 
epianifi,  which  »tatid«  in  the  eame  relation  10  upianic  acid  that  oil 
of  liittcr  almonds  docs  to  hcn&oic  acid  (Gcrliardt'a  opiaayl*  bciug 
Cjyll,0^,  aa  ia  reprcaciited  by  the  following  fiirinulffi ; — 


Bfdrida  oTbaoMjrl, 
gr  Ml  irf  tri(t*r  ilmvudf. 


Btiwoi?  *«id. 


c„HA 


HA] 

H      J 


clSo" 


H      ]"<     ' 

Opluitr  acid, 

H    5^*  ■ 


{crhardl'9  opiaDvl  (C^,H„OJ  also  appear*  to  enter  into  the  for- 
atiou  of  tiro  rcniarkoblu  oompouiids,  derived  from  ammonia, 
which  procut  the  compoaitioii  of  amides.  AadersoQ  lifts  termed 
tltem,  reapectively,  ojAammon  and  ttropiammwi .-  neither  of  them 
poaacaaea  basic  cbaractcm  :— - 


obtBmri]  \jj  DVii|Mraiiiig  > 
nolution  of  ojiioanUi  of 
ammoniR. 


c«h^,o,.=c«h;o:|n, 

—        C„H,0,) 


TMafi4a>nkAA. 


c«,n„N 


obtaiacd  by  tlic  actioa  of 
,iHO;        dllule  iitlric  acid  upon 
narcutina. 


Id  cdtaio  oaaeo,  when  the  oxidntion  of  the  narcotinc  was  in- 
complete, a  peculiar  platinum  ftnit  was  obtained  by  BIytli,  which 
ke  believed  to  contain  a  base  termed  narcogenine  ((^'nH^N,0„] , 
but  which  he  wan  uiiable  lo  isolate;  rincc  immedlatfly  that  it  is 

'    hberatnl  from  ita  combtiiationii,  it  brealcs  up  into  tiarooUne  and 

I  coUruioe. — 


Ttiii  pnctioe  of  employinK  trrms  aheady  nppro^maUd  \o  YmwroA^I 
lOWB  nUmUmmn,  toiadiaite  otber  ootnpoattds,  i«  greatly  to  W  d«vrcctiXn&. 
3  S.  M. 
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K«r»»tnrtn». 


OtunOar, 


Karootlo*. 


(laii)   7.  jVorma,  or   \'aretri»e. — Two  sulntaacca  appear 
have  liecn  ilescribt-cl  uutler  this  uaiae ;  oiie  of  lbt*e,  obtftiiic>J 
Pclleticr,  liaving  tlic  comjiosit^oit  (C,,H,jNO,p);  the  other,  csamiti 
by  Andvrsoii,  being  ^t^jdHj^NOj^).     The  latU-r   »  *   Treble 
which  is  soluble  in   boiling  water,  llid  cryatallixea  rmm  a 
Holulton  as  it  cools,  in  ilelicato  ailkj  iieeillcs,  which  are  soluble 
alcoLoI,  but  in«olublc  in  etlicr:  at  t<)'j°  it  ftmr^,  and  iit    a  nomt 
what  higher  tiimperaturc  it  becomes  (]c4;»ni{)0Hed.      U  oombie 
with  the  dilute  acids,  forming  cryotallisahlp  salts.     Conccntnt 
sulphuric  ncid  dissolrcsnarcetnc  witli  nn  ititcn«e  ml  colour,  wbic 
wheu  gently  heated,  passt^  into  grceu.     lixlinc  colours  the 
of  a  deep  blue,  which  dianjipcant  on  the  addition  of  an  alkali. 


(c)  Alkaii  obtained  from  the  Pepper  Tribe. 

;i2ii)  Piperine  {C^^\^^^'SO^■,  Streckcr).— This  is  a  subatan 
pofi«eascd  of  feebly  ha^ic  properties.  It  ia  found  in  the  comma 
white  aiid  black  peppt-r,  and  in  long  pepiier.  M'bite  jicppcr  rmill 
yields  it  when  treated  with  alcohol,  which  extracts  a  renli 
matter  with  the  pipcriue,  from  which  the  latter  may  be  freed 
digestion  in  a  solution  of  potash  :  the  piperine  which  remaiii* 
uudisaolvcd  )»  recryatallixed  from  alcohol,  and  fumtsbes  colourle«i 
prisiuft,  which  art'  fuMbie  lit  i)3°.  ri^icrine  is  nearly  insoluble  is 
cold  water;  it  has  an  acrid  taste,  resembling  that  of  pepper:  tlie 
liydroclilornic  is  its  most  atable  salt.  Coaceuirated  sulphuric  acid 
dUsolvca  pipcriue,  with  a  red  colour;  but  the  baM;  is  precipitated 
unchanged,  un  dilution  with  water.  Nitric  aeid  acts  powerfully  on 
piperine,  developing  aa  odour  of  bitter  almonds,  whilitt  a  brovu 
rcsiu  riseti  to  the  surface.  On  vvaj>orating  tUc  folutioo  ta  dryuets, 
a  brown  reaidue  is  leil,  which,  when  treated  with  potaab,  yields  a 
maguificeiit  blood-red  licjuid;  uud  on  diistilling  tliix  mixture  it 
furnishes  pipvridinc,  which  is  a  powerfully  alkaline  bawi.  Tlia 
same  ha^e  is  also  obtained  when  pipcriue  is  distilled  with  threft 
limes  its  weight  of  hydrate  of  pota^b,  at  a  temperature  Dot  cxcetd- 
iug  3*0".  The  pipcridinc  (C,j,lljjN),  being  volalil  -,  paaiics  ovefj 
and  a  yellow,  resinoid  lanA—piperie  acid  ([10,C„H,,O.  ;  Strccker) 
— remuius  in  comhiualiun  with  the  potash  ;  C„H,,NOb+  KO,UO= 
K0,C„!1,0,  +  C,„II„N. 

PiperUine  [C,(,n„N={C,oH,o)"U,NJ  S^.^r.  0/ r«;,(n.r  2-983  j 

Roiling  pt.  about  223^ — This  is  a  remarkable  oily  base,  with  s 

pui^cnt  odour,  recalUug  bo\i\^  tVu^.  ot  uiimuu\%  aud  that  of  pepper. 
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reacmljlea  ammonin  in  alkaline  jionror,  and  prccipUntn  mtny 
metallic  o^ideH  rrom  their  salU.  It  conihiiiei  with  tbu  acids, 
DCntraliziag  tbcm,  aod  furming  veil  crystallized  salts  :  with  cyanic 
acid  it  format  a  coRi|>otin(l  urea,  ptptn-tjl-urea  :  and,  if  liealcd  witli 
Cjauic   etlier,  piiwridiac  foruui  a  cumiKmnd  termiHl  eC/it/l-pijjejyU 

^"^^   Vrca H,lf„C,0, 

■  Pi,>er>-I.Qrea      .     .     .     H,(C,^Hi„)"N„C,0, 

W  Etb>l.pip(M-rl.uiea .     .      H,CJl,(C,„HJ"N,.Cp. 

^.  One  of  the  equivalcats  of  hydrogea  in  piporidinc  mny  be  dis- 
HlNDed  hy  ethyl  or  by  muthyl,  on  treating  tlic  base  with  iodiflc  of 
etky]  ur  of  methyl;  and  elhifh-piperidine,  by  trcatriieut  tvitli  an 
^ilditioiikl  quauliiy  of  the  bydriodic  ether,  yields  tbc  iodide  of  au 
^■thyl  baw  comspondiDg  to  Iclrctliylium. 

^1  Cafiniciiu  in  tbe  name  given  to  ait  alkaluiil  obtained  from  tlie 
^Eayeonc  pepper.  It  lias  a  btiming  taste ;  anfl  aa  usually  pre> 
^pated,  it  presents  a  resinoiu  appcarimcn  ;  but,  wbcn  quite  pare,  it 
"  may  be  crystal! isetl.  It  forui*  crynlollisable  suits  with  oocttc, 
Ditric,  aod  sulpbunc  acids. 

(d)  Aikahidi  from  the  Stryehnos  TYibt, 

(1313)  Tlic  fruit  and  biirk  of  the  Stri/cJmos  ntix  vomica,  sik 

her  paria  of  several  plants  of  this  tribe,  particularly  the  seeds 

;he  Slryehnoi  iffnatU,  contain  two  alkalies  closely  related  to  eacit 

both  of  them  net  aa  powerful  poisons  on  the  living  frame, 

■poedilj   ooca&toii   death,   amid   violent   tetanic   couvulaions : 

ihese  bases  arc  tiryehnia  and  brucia.     They  contain  3  atoms  of 

'nitrogen  in  each  eqnivatcnt  of  base,     lu  the  irux  vomica  they 

wvur  ill  ooinbitialion  with   lactic  acid,  and   a  peculiar  vegetable 

In  order  to  cx^traet  them  from  thi»  frait,  the  following 

DCttiod  may  be  adopted  : — The  rasped  ittrds  arc  boiled  with  4  timea 

r  weight  of  alcobol,  acidulated  with  i   per  cent,  of  sulpburio 

id.     Tlie  aleobolic  liquid  is  neittraliKcd  with  lime  in  fhght  cxcg:48  : 

acid  and  colouring  matters  are  thus  preeijtitatcd,  whilst  tlie 

remain  in   solution ;   the  alcohol  is  distilled  off,  and  the  re- 

loe  treated  with  acidulated  wntcr,  from  which,  on  the  addition 

[of  Bmmoiiin,  the  »trycbnia  and  brucia  are  precipitak-d.     The  two 

alkalies  arc  ac(Hirated  by  converting  them  into  nitrates,  and  crys- 

'lallinng }  the  nitrate  of  strychnin,   being  the  lea^t  soluble  of  the 

Itiro,  is  first  tlepusited.      Itoth  strychnia  and  brucia  exert  a  left- 

landed  rotatory   cflVrct  upon  a  ray  of  polarised  light ;  but  the 

ity  power  of  atrychnia  is  twice  a«  great  as  that  of  liTUCva. 

1214J  9,TKYCBKU  ('CtfHiu^^O,  =  J34)  is  contauwA\ti  iW^ 
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IgnntiusN  beftti,  to  the  extdut  of  nearl v  i-^  per  cent; 
oue  of  Uie  active  coD»titucDt9  of  tliu  o)ias  pouoii.     Siijt 
oiie  of  the  nnwt  powerful  of  the  vrgf  tnliltr   btMc*  {  it  prd 

many  metallic  osides  from  titoir  mJLs,  cither  ■i-'-i- 

tially  :    in  the  latter  case,    it  forma  double  >•■ 
double  sulphate  of   strj'chiuu    nod   00ft|>rr,  which  crTMal 
long  gre^n  iieedlea.      Stryclitiia  er}'atal)i)!«a  from  dilute 
vhitd  auh^drous  octobcdra,  or  in  aqiiare  piisnis,  «liii.-li  du 
OD  the  application  of  heat.     It  is  iiiM>lnMo  iu  atiMlale 
etJier,  mid  the  caustic  alkalies;  but  it  is  aolulilr  in  tb» 
oils,  aud  ill  clilorororm.     Cold  water  does  not  <lii4olv« 
tfaau  .Vnith  of  it*  weight;   hut  tins  aolution,  cvm 
vith  loo  partaof  water,  atill  jtossesses  a  diatirvrtlj  bilber 
distilled  with   hj'drnte  of  potash,  str^cliuia,   like  oi 
quinia,  yields  the  oilj  ba»e  quinolinc.     A  portiDii  of  the 
in  strychnia  maj  be  diaplaoed  bjr  chlorine  or  by  bioi 
bod;r  thiia  obtained  still  retains  basic  propertin.      St 
triturated  with  iodiuc,  forms  u  peculiar  rrj^stalline 
which  is   soluble  in   alcobnl,   and   yielils   omnge-oo|i 
[(CjjH„NjOJ,Ij],froni  which  theacidnseimraleslrychnb, 
Tliis  compound  is  anulu{;ous  to  tbo»c  which  iodine  ricJda 
opium  banes  (1206).      Strychnia,  when   pure,  is  tunuil 
concuritralud  nitric  acid,  and  yields  a  uitmtv  of  a  new  anl 
base,  fiitrQ*3tn/c&sia,     If  brocia  be  jirwent  with  the 
is  iisunl  ill  most  comrner^ial   sfieoimeits,   iIk^   colour 
nitric  acid  ie  deep  orange,  or  rtad.     With  iodide  of  ethyl, 
ytetds  the  iodide  of  elfiytoifrychnium  (C„H„,C,II,,N 
which  oxide  of  silver  strpiimlva  a  hydratvtl  oxide  nf  an 
IwM   (0„H^C,II,.N,0(,EIO),    which  a  crystdllizablc. 
is  therefore  a  nitrilc  base. 

SaJit  0/  Stiychnia. — Sulphuric   acid  form*   a  r-"' 
uid  salt  with  strychnia ;  the  crystals  of  the  oeutml  • 
II„N,04,nO)SjO,+ 14  A<i]  are  nquare  prisinB.     S. 
»n]t>  of  Atrjchtiia  yield  a  precipitate  with  iiif^i^v-" 
alight  cxc«8S  of  tartaric  acid  he  added  to  the  ». 
strychnia,  and  then  one  of  hicarhonate  of  acida 
strychnia   ia   gradually   de)>o«te<l   10   cryotnU.      A 
doe«  not  contain  Ic^sthan  jtyth  it«  ircightof  the  Im. 
addition  of  a  strong  solution  of  autpbouyanidc  of  pu 
of  cryotala,  after  the  lapac  of  a  few  niiuutia.      A 
of  atryohnia  with  oouocntratcd  sulphtmu  aetd, 
(leroxide  of  Iwd.  or  what  i»  rtill  Iwtter,  of 
r'v/--  1  '"vmtiful  violet  tint,  which  gradually 
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other  oxJtUzing  sgenb  produce  a  iimilai  eCTeeL     WithV 

of  pcrcliloridc  of  s<AA,  hIu  of  otrychuia  give  u  bright  blue 

prcaonctf   of  «trjrcfaoia    roaj    be   ilcteoted    iu    very 

,  ,  .  _itiua  in  cotnplicntei]  orKimic  liquids,  by  reoderiug  tlicin 

witb  potash,  and  agiutiag  thoniughly  with  a  fuw  drachma 

thu  cliloroform  dis&olves  the  strydiDia,  an<l  leaves 

slid  form  ou  evaponitioa ;  from  this  residue    it    may 

by  dilute  bydruchlurtc  acid ;  and  it  may  afterwards  bu 

'  to  tiiti  tuual  tuets. 


I 


Brufia   (C^H^N.O^+S  Aq=394  +  73 ;    Regnaiilt)   u 

ihlo   in  vster,   autl  in   atruug  alcohol,  thaa  tiirychnia. 

is  cootaincd  in   niu?  vomica  in   larger  quantity  than 

Tt  may  al«o  be  readily  obtained  from  the  false  anguB> 

irhich  does  not  appear  to  cuutoiu  any  strycliuia,  but 

brucia  niorv  abuiiilanlly  tbaa  the  beans  of  the  ttux  vontica. 

cr7«taUijca    iu    colourlestt    transpareitt,   oblique   rhombic 

,  «liK'h  are  iuauluble  in  ether.      Bniciu  iiielta  readily  on  the 

of  hoat,  and  loses  its  water  of  crrstaillxntion.      It  ia 

as  n  poisi^n  tlmn  slrjcbnia.     TtS!.alls  hnre  a  bitter  toMte, 

[Le  diat)ii};uished  from  tbo»e  of  strychuiu,  aXler  they  have 

«r!tli  tartaric  acid^  by  not  yielding  any  precipitate  ou 

Ji  of  bicarbonate  of  aoda.     This  ba:*e  is  further  distin- 

firam  Btiychuia   by    tlic  bright  scarlet  colour  gradually 

ato  ycUovr,  which  bnicia  or  any  of  its  salts  gives  with 

if  a  little  protochloride  of  tin  be  added,  a  beautiful 

is  produced. 

action  of  nitric  acid   upon  brucia  is  attended  with  the 

of  definite  reanlta,  from  which  it  appears  to  be  probable 

rl  enters  iuto  the  compo«itiou  of  this  base.     When  tbo 

acid   is  poured  upon  bnicia,  the  mixture  assamea  a 

Jour,  bepomca  hot,  and  emits  a  coloiirle»a  gas,  which 

.alior  arodl  uf  apples,  and  a  portion  of  which  is  sohiblo  _ 

id  in  alcohol.     This  gas  consiats  of  a  mixture  of  nitrite  fl 

rith    binoxidc  of  nitrogen    and    carbonic    aeid,  the 

beiog  the  secondary  result  of  the  decomposition  of 

rhidi   is    found   in  the  Uquid,  accoiopauicd  by  a  uew 

Utnucd    earalhfi'tw :  this  body  is  a  nitro-substitution- 

of  feebly  basic  properties.       Strecker  represent*  the 

litric  add  upon  brucia  by  the  foUo-wing  equation : — 


mm*  iM,        yiUUeirfsuUij-l.      Oialu  tM. 


CMMMto*. 


^— :^ ^^mmm^^^^^ 

609  orni-a  lksb  known  lusu. 

A  further  proof  of  the  [iTtKiico  of  mclbyl  in 
ID  tlic  fact,  that  wliei)  this  linao  is  distilled  with  di1( 
acid  ftnd  pcrosidc  of  maogancw.  or  willi  cbromate 
sulphuric   ncid,  formic  aod  carbooic  acids  arc  prods 
inflammnhli;  ]ti)i]id   paues  OT«r,  burning  witk  a  bloc  fin 
presenting  tlic  properties  of  wood  npirit.  i 

Jffaturia. — Tlii»  name  hai  been  givcu  to  a  third  alkali  M 
in  ntix  vomica.  It  is  more  soluble  in  water  than  cither  « 
or  brucia.*  I1kc  Urari  or  WMvra  poiMm  of  Sosth , 
appears  to  be  obtaiurcl  from  a  plant  of  the  strychnos  tribe 
as  a  fatal  poiaoii  if  introduced  into  the  blood  bj  a  vami 
may  be  swallowed  with  impunity. 


(e)   Olher  less  known  Bases. 

(isiG]  The  bulbg  of  the  ro/cAfciim   autumnaff 
and  hcchU  of  dilTcrcut  species  of  fvralrum  coutaia  aeu 
the  most  importaat  of  which,  veratria,  has   been    •:■ 
oinally.  Veratrin  {C„n„N,0,„;  Merck)occaf»  pritu::,     . 
oatioik  with  gallic  acid  ;  it  is  &u  extremely  acrid  and  nolcd 
producing  dangerous  Ble  of  succziiig  if  it  come  in  raulwtti 
minucc  quQDlily,  with  the  mucous  nvnibmnc  of  th«  noMu  j 
as  a  valuable  sedative  in  some  cases  of  Dcunlgia  if  oppw 
fomi  of  ointment  to  the  surface  of  the  body.      Veratria  h 
insoluble  in  water  niid  iu  alkxlitic  solutions  ■  aloohul  dti 
freely,  and  deposits  it  by  spoutancous  evaporation,  in  hs^j 
needles.     Ether  diKsolvc«  it  with  difHeulty;  fuming  sutp 
colours  it  jiJlow,  then  hlood-rcd,  and  hutly.  violet. 

*  Scliulxcnbortin'  (Am».  Jr  CJUmu.  Til.  llv.  C^)  rtstM^ 
l)i^  b«W'  n-potod  to  b«  itfMuria,  no  fcirar  tliRn  iitnv  clotvW 
wbwb  coukI  bo  Bcp«ni(«J  by  fnacliood  crfclatt:^  '  "      '' 
Tliry  tuv  all  iulfti'dy  bitlcr,  lud  arc  poisouous.  r> 
effeota.    T\iff  all  are  reddoovil  by  nitrio  leid  t  Itv  u-'\^u- 1<-  u: 
ing  formulii  :— 

(m)    C^FIj^NjO,  +6  Aif  wetj  iparingly  aolnbk  ( , 
(Si    C^n.,.VjO„-t^6,%<]  vpariD^i?  M>lub1«  ^ 
W   Cj.Ui^N,*-', +6Aq  tDOdrmtfly  KJuble; 
{Ji   ('uH^NtOM-ftiAn  inod<frjiI«i|T  sulable I 
-  W   C^H«N,0, +6A0  »oIi.bk-i 

(?)    C„H„.V,i)„+(iA4  ■pMtagty«»Iubl«, 
(AJ    L'gQM.V,0.,+6A<{  UMilcntlcly  Mlubic  ) 
(i)    C„R,tN,0,.-fOA[|  moilrnitcly  tolnbk, 

Tlwiir  rMiilisaflbfd  an  iliiittrntion  tif  ibpTuI  uiimbvr  ofbaMHi 
proJurri  by  tbe  ■rti'itit  of  a  niaKlc  plnnl  ■  •''■-' —  .'.  .  -ij 
tnitioR*  of   tliM   Liit-I.   am)    ninjr    ■■'r>i-  ' 
feaultaiomcuiiwaarnTed  at  by  cbiMiu»U  ■j.  :. j. 
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trike;*  witli  it  a  red  wliich  after  a  time  'becomca  yellow.  Three 
>tber  poisonous  haec^i,  gafMililda,  cokftima,  and  jervia,  are  found, 
»ng   with  v(rr«tri,-i,  In   Ihc  Veratrum  album,  or   vhitc   liellcborf, 

Icrvia  {C„H„.N.O.,+4  Aq)  is  white,  cryataltine,  and  fiwible. 

Acomfimt  (C,„H„NO,^?)  is  stiotlier  intunscly  poistmous  alka- 
loid, which  is  employed  mcdiciaalty,  l>ut  the  corapoaition  of  whicK 
nniTcrtsin  ;  it  is  obtained  from  varioiiii  sp(^cieil  of  monkshood  or 
mile.     It  crystallises  with  difficulty,  aud  is  more  soluble  in 

rater  ttiiin  mo^t  of  tlie«c  buses  ;  it  i«  dissolved  eotiilj  hj  slcoliol 
land  ether.  These  solutiuns  linve  a  {lowMrfiilly  alkaline  reaction  ; 
•Bnd  thr  ba%  forms  perfectly  neutral  oalts,  wbiL'h  wh^ii  raoisteiieil 

with  conc^vntriitfd  sulphuric  acid  acquire  a  colour  which  at  tirst  is 

yellowish,  and  then  beoomea  of  a  dirty  violet  red. 

Many  of  the  iSo/nndCftf  and  t'>nAf//t/Vr«  coutain  alkaloids.  The 

'lwob«ne  (H^oiCj/amus  nigcr)  aud  both  thceommon  and  the  deadly 

wghtshade  {^Solanum  dukamara,  nnd  Alro/>a  bflladnnna)  owe  tlieir 

poisonous  qualities  to  coinpouuds  uf  this  Uitid.    To  Solan'ta  Zwenger 

ajBiKus  the  formula  C^lI-„NO„. 

j^Vropia  (Cj,Hjj\0^^ ;  PUnta)  crystalliKcs  in  oolourle«  willcy 
I  needle*,  which  arc  frwiy  soluble  in  alcohul  and  in  cldoroforni,  but 
!  len  ao  in  ether.  The  cry&tnis  fune  at  194%  and  undergo  finbtiraa- 
|tion  and  partial  decoiniwwitioii  at  zS^**.  Soltitiuiis  of  atropia  are 
I  speedily  altered  by  evaporation  when  exposed  to  the  atmosphere, 
JAtropia  is  present  in  all  parts  of  the  belladonna,  but  is  commonly 
[estracied  from  the  root.  Itappcon  to  be  identical  with  daturia, 
■  the  aeti**  principle  coataincd  iu  the  seeds  of  the  Datura  stramonium. 
ySkn  salts  of  atropia  arc  bitter,  acrid,  aud   highly  poisonous,  pro> 

lacing  a  reniitrkKble  dilatation  of  the  pupil  of  the  eye. 

lo  addition  to  these  hasca  two  others  may  be  mentioned,  riz., 

Aarmaline  and  Aarmine,  which  are  found,  probably  combined  with 

l^hoHpborie  acid,  in  the  liuslt  of  the  scods  of  the  Peganum  harmala, 

or  Syrian  rue,  a  plant  exteuaivoly  j^rown  in  the  ale]ipes  of  Southern 
[Bbshi.  The  seeds  of  this  plant  are  used  in  dyeing  silk,  to  which 
Itliey  import  rarioue  shodce  of  pink,  rose,  or  red.  The  seeds  al»o 
jpawcM  narcotic   properties,  but  the  active  principle  to  which  thin 

liffeet  ia  due  has  not  been  itivcoti^alod.  Harmallne  (Cj,H,^NjO.;) 
Iwfaea  pore  crystollixcii  in  colourless  prisms,  but  tbey  {{euerally 
I  retain  a  brownish  yollow    tint,  and   Liiigis   the   saliva  yellow.      It 

has  a  bitter, astritigcut,  acrid  taste;  it  is  freely  soluble  in  alcohol, 

but  apariogly  bo  iii  water  and  in  ether.     It  is  fusible  and  volatile; 

with  acifls  it  forinii  yellow,  very  coluble,  crystallizahic  saUs, 
{Oxidixtog  a^'uLs  transform   it  into  a  red  colouring  matter  whieb 

combiuea  nitb  acids,  furming'  «nlts  wliich  constitute  t\vi^  \nsa  <:i1 


not 
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tlie  harmala  red  of  commerce.  Harmaline  contains  two 
more  of  hj^¥0|;en  than  Aormitte  {Cj|II,jNjO,),  into  whUA  it  tatti 
be  oonvcrtod  hy  oxitintion  :  hnrminc  cryatalHiiwi  in  long  delicaK  , 
prisma  ;  it  forra*  colourless  salts,  whicb  arc  quite  neutral. 

Bmelia,  the  active  principle  of  ipecacuanha,  also 
propi-rtic*  of  a  fwbl«  bftsc  :  it   »  nearly  iiicohihle  in  water  and 
ether.btit  ts  readily  soluble  in  alooliol  aiid  iu  dihitc  acids ;  rhl 
also  diwolres  it  with  facility.     It  is  a  powerful  potwu,  and 
a  violent   cmftic  in  clotM.'s  of  tiie  one-»iilecntli  of  a  grain  or 
It  fuses  readilT,ani1  ts  aeeompnnied  in  the  ipecacuanha  root  by  a  I 
(irojiorliDD  of  oily  matter,  which  emits  a  feeble  odour  of  tohsoco  v\ 
licatMl.       The    base  is  easily  obtninctl  by  treating  the  alcofa 
extract  of  the  root  with  dilute  sulphuric  add,  filtering  from 
oily   matter,  nod  after  slightly  supersaturating  the  aolution 
amtnonta,  agitating   the  turbid   liquiil  with  eliUiroform.      On 
jiurating  the  ehloroform,  the  emotja  is  left  as  a  yellowish  restnc 
looking  mass.     It  may  be  purified  by  eODTcrsion  into  a  salt, 
dift-^ting   its  solution   with  n  sniall  quantity  of  nuimnl   diarccd; 
ou  adding  an  alkali  to  the  filtered  liquid  the  cmctta  Is  prccipit 
'Vbe  salt*  of  emetia  do  not  readily  crystslliie. 


If)  Alkahidt  of  Cojfre,  Tea,  and  Chocolate. 

{1217)  Ci.vrziKK  or  Tueise  (C,|.IJ,nKjO, +  2A.q  =  i94  + 
— Tltis  substance  occurs  ia  tea,  in  cufl*ec,  and  in  nialS,  n 
iiaed  hy  the  uatlves  of  Parana;  and  a  large  numlwr  of 
iiihnbitunts  of  South  America,  for  making  an  iufuBion  which  tber 
suhetitulc  for  tea.  It  is  also  contained  to  the  extent  of  j  per 
cent.  (Steubouse)  in  ffuarana,  an  astriufrcut  specie^  of  chocolate 
prepared  from  the  fruit  of  the  PauUima  toriiHit,  Tea  ajipcars  to 
contain  from  1 10  4  per  ecat.  of  cafTeiiic  (Pcligot),  but  the  ijuantily 
of  it  in  coffee,  according  to  Stcnhouitc,  acldum  oxeeeds  1  per  cent. 

CaSeiuc  is  easily  ohtaincd  from  tea  by  making  a  »trDitg^  info* 
feioQ  of  the  leaf,  mixing  it  with  suhacetatc  of  lead  and  a  litlle  free 
ammonia,  to  separate  tannic  acid,  and  transmiltin^  sulphurettM 
hydrogen  to  remove  the  excess  of  lead ;  on  then  evaporating  the 
solution  and  allowing  it  to  coolj  tlieealTvinc  cryatnllixcsout  iu 
flexible  silky  nccdlca. 

It  has  a  slightly  bitter  tastt^  and  is  sparingly  soluble  in 

water  and   in  alcohol;  both  boiling  water  and  ctlter  di«»alv«  it  in 

considerable   quantity.     The  crystals  deposited  fivm  alcohol  and 

from  ether  arc  anhydroua.     Caffeine  fascs  at  454°  (Slreeker),  and 

at  a  bigfier  tcmpcr&luic  Vt  mv;  \/t.  wUimcd  without  decompoattios. 
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The  basic  propertied  of  ciflcine  »re  only  ulightly  mnrked,  but  it  forms 

crystalliiable  ults  nith  hrdrodiloric  ami  BulpiiuricncWs;  botli  tlie»e 

compotuick  «rc,  lioirever,  decomposed  by  ttoliition  in  water.      C«f- 

feioe  absorbs  abom  n  third  of  it*  weight  of  dry  hydrochloric  add 

the   con)]x)iin(l  must   be  cryatallixcd    from  a  concentrated 

•olntion  of  hydrochloric  acid,  and   tlie  pry*tal!t  waslied  with  ether, 

"Caffeine    forma    with    nitrate  of  silver  n    cry*ta.llinc  compound 

C,jH,„N,0,  +  AgO,NOj)  which  may  be  recryitaUincd  from  boiling 

•ter  or  from  a]coliot;  it  is  spariugly  soluble  in  euld  water, 

^^  urtK  foiiud  that  wlicn  caffeine  is  boiled  with  puta«h,  mcthylia 
liberated.  Concentrated  nitric  acid  decon]|)Ose5  cafToinc  with 
evolution  of  nitrous  fuuics,  and  the  formation  of  a  yellow  liquid, 
Id  wbich  at  a  particular  stage  the  addition  of  nrnmonia  devclopcsn 
bcandful  purple  colour,  resembling  that  of  murexid;  by  longer 
iling  the  deeoioposition  proceeds  furtfier,  salts  of  metbylia  are 
ibiiDd   in  aolutioii,  and  choleittroplian  is  formed.      Similar  rcsitlta 

tare  furnished  by  the  nction  of  chlorine.  The  purple  reaction  is 
naort  easily  obtained  by  treating  the  caffeine  with  a  mixture  of 
liydrocliloric  acid  and  chlorate  of  potash,  evaporating  to  dryueu, 
sad  then  adding  «  little  ammonia. 
^Vhcn  elilorioe  ia  transmitted  through  a  magma  of  caDeine 
suspended  in  water,  the  crystals  gradually  dinappear,  andamisturo 
of  sereral  producu  is  obtained;  of  these  the  most  rcmarlcable 
«nr  amalic  acid  (C,,H,NjOg),  and  nitro-ifieine  or  choleslrojilum 
(C,f^Ii^N,Og),  whilrt  a  salt  of  metbylia  is  formed.  By  evaporat- 
ing  the  solution,  amalic  acid  may  be  obtained  iu  colourless  crystals, 
which  are  insoluble  id  alcobo);  they  assume  a  violet  colour  if 
owisteucd  with  baryta  water.  Cbole»trophaa  may  be  obtained  iu 
pearly  scales  on  eva(K>rmiug  the  solution  ;  it  may  be  sublimcid 
unaltered.  According  to  the  researches  of  Koehleder  (Liebig's 
AnttaL,  Ixxiii.  133], the  products  of  the  oxidation  ofcaficiue  resemble 
thow  obtained  from  uric  acid  by  similar  treiitment,  and  the  two 
dancs  of  compounds  are  horaologo-us,  or  rather  substitution  pro- 
4octs  from  the  same  organic  group ;  for  amalic  acid  corresponds  to 
lUosautin,  in  which  i  atotns  of  hydrogen  have  bccu  displaced 
bf  two  niuiralenta  of  methyl ;  and  cholcstrophan  bean  a  similar 
relation  to  parabaiiic  acid : — 

[AUotantin C^HjN.Og,  a  H0=C,H,NjO,„. 

"     ilioacid  (diroethyl.alloxautiu)  C.H(C,irj),NjOs. 

FTuaUoic  acid C^H^MjO,      =  i  UO.C.NaO^' 

Cholostfophaii    (dimetliylo-para-'l  u  ,  v  n 

hanicacid) j   MW"i)i^»«f 
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Strecker,  by  lienting  dry  pantbnnatc  of  mlvtr  with  anbydrous  iodide  I* 
of  methfl  in  it  scaled  tube,  him,  iudeed,  efTected  its  oonverwon  lalo 
cLolestrophan  (methyl  parabaiiie  ether)  ai»d  iodide  of  silver: — 

aAgO,CjN,O.  +  2C^nj=3Cjn,O,C(N^0j+iAgr. 

Aiimlic    acid   al»o   jiOHticwtcs  the  property,  like  dloxkatin, 
staiuiug  ibe  Gtigcrs  piuk ;  and  if  exposed  to  the  vapour  of  am- 
monia, it  producce  h  compound  homologous  iriih  murcxid,  whtchi 
like    tbe    Uttur    compouud,  is    diatiugaished    hy  it«    muguiG 
purple  colour: — 


Murcxid 


C«H„N,aO„ 


Caffco-murcsid C^H,,Nn,0,, 

In  the  latter  case  tlic  difference  between  tbe  two  compoundt 
3  (C4HJ,  because  oiureitid  ia  tbe  result  of  a  mctioa  of  ammi 
upon   three   tnulc^culvs  of  Alloskntiii,  and   calico- mureud   in 
muiner  is  derived  from  three  of  amalic  acid. 

(lait)}  L'hetmeai  and  dietetic  character*  of  Coffee  and  Tea.- 
Caffeine  in  a  ompoimd  which  iirc*i.-iit«  ™  high  degree  of  int 
both  from  the  metamorpbows  of  which  il  it;  Kusccpl ibie,  and  fniaa 
the  circuinetatice  that  it  forms  an  ingredient  in  three  Kubstancts; 
iiamclT,  tea,  coffee,  and  a  third  substance  of  less  iniportauce,  "tati 
(or  Paraguay  tea,  obtained  from  the  Ilex  Paraguat/etuia),  oae  or 
other  of  which  coustitulea  a  portion  of  the  daily  diet  of  thres- 
fourths  of  the  buinaii  race.  Tbe  circumstance  that  these  diffcrcDt 
ahrulw  sliould  have  been  selcetcd  by  different  tiations,  for  the 
purpose  of  yielding  a  bcvemgc,  when  infused  with  hoihng  mtar, 
»hows  that  tbe  in^jrcdieat  which  they  furnish  is  o»e  which  it 
adapted  in  a  itpccial  manner  to  wme  criLving  of  the  human  frama 
Although  these  bodies  differ  so  widely  iu  flavour,  they  all  contain 
the  same  azotiecd  prtiK'ipte,  the  physiological  effects  of  which  ban 
not  been  submitted  to  the  detailed  cxamimttiou  which  tbey  well 
deserve.  The  best  seriea  of  eiiperiments  ui>nn  this  point  are  due 
to  Julius  Lehmauu,  who  watched  for  aome  weeks  the  eSccta  of 
roasted  coffee,  as  well  as  of  its  essential  oil,  aud  of  cafieioe,  upon 
two  individuaU  in  good  health  {Liebig^a  jfitru/.,  Ixxxvii.  205).  The 
use  of  coffee  aa  ati  article  of  diet  appears  to  exercise  an  importanl 
intlucDcc  in  retarding  the  waste  of  the  tiasucs  of  the  body  ;  aiocc 
it  was  found  tlint  during  ita  uae,  the  proportion  of  phosphoric  acaJ 
and  of  nrea  excreted  by  the  kidneys,  was  much  Hnialler  ihan  when 
the  coffee  was  omitted,  tbe  diet  being  iu  all  other  rcspecia  the  wamc 
in  both  ca«ca.  Thus,  it  was  round  that  when  an  infuuouof  three- 
quarters  of  an  ounce  of  roasted  coffee-berries  was  taken  daily  (bra 
iijftuight,  the  average  v™?"'^'^^'*^  wca,  and  of  phosphoric 
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which  passed  oft  by  the  kidneys  in  34  honn,  va&  less  by  one- 
third  tliBD  it  naa  during  a  siiuilur  pvriucl  in  which  the  coffee  troa 
Ofnitted.  The  empyreuinatic  oil  of  the  cofft'c  iras  fonucl  to  exert  a 
»timulatii)g  effect  upon  the  iicn'oiu  system.  When  too  large  n  quan- 
titT  of  this  C!»et)IJal  oil  wai  taltcn,  it  prcKluccd  lu&s  uf  slevp,  n«r- 
tous  excitement,  bdi)  8yin|>toms  of  cougcstioa  of  the  brain,  la 
smaller  quantities  it  prorinced  a  gentle  perspiration,  removed  the 
•enaation  of  hunger,  and  acted  upon  the  biiwds  as  a  laxalire.  It 
likewiKC  reduced  the  amount  of  urea  and  of  plioepboric  acid  iu  the 
nrine.  It  was  also  coucludcfl  from  the  production  of  Bimilar 
alterations  in  the  quality  of  the  urine,  when  a  solution  of  pure 
caffeine  waa  BubstiluUitl  for  the  ordinary  infusion  of  ctiffcc,  that 
caffciue  likewise  exerted  a  power  of  retarding  the  disintegration  of 
the  coRiUtneiitsof  tlie  animal  frame. 

Tea,  coffDC,  and  the  Furuguay  tea-plaut,  in  the  form  in  which 
lliey  are  used  dietetically,  all  contain  the  following  principles  : — 
t.  Cafleifio.  2.  Oneof  the  formnof  tannic  acid.  j}.  Annromatic 
essential  oil,  which  is  different  in  each  plant,  aud  is  the  main  cause 
of  their  different  and  peculiar  flavours. 

CtmstUuentt  of  Coffee. — When  the  coffee  berry  is  first  gathered 
jod  dried  in  the  air,  il  liai  but  tittle  fragrance,  aud  only  a  slightly 
bitter  and  astringent  ta»tc.  The  raw  coffee  heny  is  hard  and 
boruy;  it  swells  up  with  difficulty  even  when  heated  with  boiling 
water  ;  it  contains  in  itt  green  state  alraiit  the  !>amc  quantity  of 
soluble  matter  a»  after  it  hna  been  roasted  ;  but  titc  aniomit  varies 
greatly  in  different  s[>ecinicuB. 

Coffee  swells  considenibly  during  roasting,  the  increase  in 
roluinc  nniouDtiug  to  one  third  ur  cvi-u  to  one  Uulfof  its  original 
bulk  ;  at  the  same  time  it  loses  in  ncight  to  an  extent  varying 
from  15  to  25  per  cent,  upon  tbe  weight  of  the  berries  before 
roasting ;  the  amount  of  this  loss  depending  upon  the  extent  to 
*hich  the  roasting  is  carried.  The  roasting  should  be  stopped  as 
uon  as  the  berry  has  become  friable.  The  oj^rccnblc  bitlcr 
aromatic  taste  of  coffee  is  dcTelojicd  during  tills  operation.  It  is 
vofthy  uf  remark  that  inferior  coffee  hccomcti  inipruved  in  quality 
by  keeping,  and  if  roasted  after  it  hns  been  kept  for  some  years, 
it  yields  nil  infusion  of  a  finer  llavour  than  if  roasted  immediately 
tlier  it  ba»  been  gathered.  Rulh  the  e^aenliaJ  oil  and  the  bitter 
flarour  arc  developed  from  one  of  the  soluble  constitueuu  of  the 

',  since  the  aqueous  extract  of  the  raw  berry  when  roasted 

lires  tlie  full  odour  aud  taste  of  coffee.  Tlia  pro|)ortiouof  this 
uuiustic  oil  id  roasted  coffee  is  very  minute ;  not  exceeding, 
■GConliDg   to  Payen,  one  ii re- thousandth  of  tbe  wdgXii.  ut  \.\te 


508 


COKSTITUENT*   OF   COttBt. 


coffee.  Coffee  also  contaios  14  or  15  per  cent,  of  fixed  oil.  Tbe 
aatringcnt  acid,  eafftric  acid,  as  it  Kas  been  tcrmei),  is  allied  to 
the  quinic  ;  it  «on*titnt(«  about  5  per  cent,  of  the  drj-  Ijcrry  :  il 
does  not  blacken  tlic  Bolutioii  of  protosulphatv  of  iron,  but  tunu 
it  greon,  a.ud  It  does  uot  precipitate  solutiotu  of  golatin ;  it  ii 
dinolvcci  by  strong  Milphuric  acid  And  produce*  a  TcA  liqmi. 
MliMi  exposed  to  ihe  air  in  contact  with  alkalies,  cafTcic  add 
absorbs  oxygea  aud  forms  a  yellow  iiuoluble  rcsiu.*  A  pccoliv 
reuction  occurs  with  cafTcic  ncid  when  i  part  of  its  concvotrated 
lotution  is  heated  with  four  parts  of  finely-pondered  black  oxide  of 
iDoiiganesei  and  one  part  of  oil  of  vitriol  diluted  with  an  equal 
bulk  of  wntcr.  Yclloir  crystals  of  quinoac  (112^)  nre  dcpoMttJ 
Upon  the  neck  and  sides  of  the  retort,  and  the  acid  liquid  wbicb 
distils  over  is  saturated  wirh  quiiione,  and  contains  formic  acidi 
(Sec  a  lU-port  on  tlic  adultcr&tioDS  of  coffee  by  Onihnnij  StcuhooK^ 
and  Camplwlt,  Q.  J.  Chent.  iHoc.,  ix.  51.)  The  acid  of  Para^f 
ten,  and  that  of  the  leaves  of  the  holly  tribe,  also  famish  quiuow 
by  simiUr  treatment.  The  following  is  the  average  coiapodtion 
of  the  eoifee-berry,  according  to  Payen  :— 

LigiteouB  tissue    .....  34'o 

Hygroscopic  water         ....  la-o 

Fixed  fatly  matters                            .10*0  130 

Gum,  sugar,  and  a  vegetable  acid      .          .  ij'5 

Asotiseil  matter,  analogous  to  legumin  lyo 

Free  caffeine         .....  0'8 
Compound  01  cafleine  with  potash  and)    _ 

chlorogenic  (c«ffcic)  acidf   .           .    )^^  ^ 

Aromatic  essentia]  oil    .           .           .           .  0"00a 

Solid  fatty  essence         ....  0*001 

Saline  matters      .....  6-6^j 

The  ealino  matters  contained    ia  coffee   contain  toorc  than 
their  weight  of  potuh  (jrj  to  _55*8  per  cent.)  chiefly  in  the  ft 
of  earbonate  and  phusphatc;  Uicy  arc  almost  CDtlrely  free 
silica.      The   8ugar  in  raw   cuffcc  is  in  the  form  of  caue 
(Qrahiini,  Sicuhoutc,  Aiid  Ciiinphell),  aud   its  ijtiantity  varies 
6*3  to  7'7  per  cent.     The  process  of  rotating  not  only  expeb 
greater   part  of   the    hygroscopic   moisture,  but    it  considei 


*  Vlsanderen  end  Mulder  bare  rocrotty  mado  a  mitinte  inreatintkiai 
the  eaffeic  aeid.  K-liirh  sivi-s  a  yellow  preeipitste  with  islu  of  lra<C  ud  < 
whicli  th«j  SMLKU  (1i(>  h^riniiU,  wlinn  iiiih^'drout,  <rf  C,,l]fO^.  A  iMoad  s(*i 
lermvA  caffclic  acid  C„H»0„.  Ki»r«  a  "liil*  precipitate  uith  utiaof  losJ. 

t  CbQMininK.^q  per  ccat.  oTutHciDCi  35 puts,  therefore,  iodicste  i*j*4' 
eaffeiae.    This  salt  has  not  b«ea  found  ^i^  fAbcttbeiuiaU-  — 
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the  properties  of  the  e&Seic  acid,  &nd  eoaverts  nearljr  the 

of   the  sugar  into  carnincl.      Tbe  si^liii  portion  left  after 

tltc  grouiul   berry   >ii  water  oootains  a  l*rg«  atDOUiit  of 

-    --)--•  -'.'(^^  in  the  forni  of  an  axoliHed  principle  reKCiti- 

_  ..mill.     ThU  may  acooiiut  for  tbe  practice  among 

ib^  au()  QtlicrorirntH)  iiatiooe,  of  «waItowi[ig  the  uadissolved 

of    the    graiu    with  tlic  decoction  :    in  Uie  couiitricit  of 

Abfm  the  iweuf  aiiimal  fooH  is  rare,  and  lieiice  the  iiilmbit- 

kTO  bcoii  lol   to  Tnry  tlic  niuilu  of  preparing  their  coSbq  iu 

—  -Titer  aa  to  cnahle   thcnt   to   use  the  sulistance  in  hoidc 

a  tulMtitutc  for  the  Ditrogenous  cou^titiieiiu  supplied 

kh  liiet. 

dried    leaves  of  the  coffee-plaul  also  contain  as  much  lu 

cent,  of  caffeine  (Stcuhouee),  a*  well  m  nii  nstringput  vcge- 

\mA,  niitl  a  large  propnrtiou  (13  p^rcciit.)  of  an  asutiaed  prin- 

lallicJ    to   gluten.     The   dried   eoffee-leaf  has  an  agrKeahlc 

k;  it  is  usrtl  larj^ely  iu  the  fumi  of  infusion  bv  the  natives  of 

who    prefer  it  as  a  beverage  to  that  prepared  from  the 


..eniM  0/  the  Tea-plant.— I^Vi  dried   leaves  of  the  Thea 

which  constitute  onr  onlinar;  '  tea,'  contain  about  45 

,fif  Mjluble  matter;  hut,  aceurding  to  Pcligut,  tcadoc»not 

l^vfi  up  more  thno  atMut  one-third  of  its  weight  of  soluble 

to  boiling  water.     The  most  important  constituents  of  tbe 

|the  ftmo  in  which  it  i»  connimcd  iii  Earo|>c,  are : — ^t.  Tfte 

'  oU,  to  winch  it  owea  its  peculiar  aroma,  ami  tbe  pro- 

|af  which,  acconliug  to  Mulder,  is  about  D'79  in  green,  and 

OCDt.  in  hUck  tva.       This  oil  exerts  a  romt  powerfully 

ig  and  intoxicAting  effect.     In  Ctiina,  tea  is  seldom  uaed 

a  year  old,  on  account  of  the  well-known  iutoxicatitig 

I  of  new  lea,  Auc  prolwbljr  to  the  larger  projKjrtion  of  csscu- 

iBintaincd  in  tlie  freshly  dried  leaf.      l.   Cajf'&ine, oe  t\\eiae, 

tity  of  which  nries  oonwderably  in  dillereul  varieties  of 

ditferent  kinds  of  green  tea  funiiidioil  to  I'^i^ut,  tbe 

irangitkg  fiom  2'Z  to  4*1  i>er  cent.      j.  A  nUroynti^cd com- 

Jogoua  to  ctweia,  amounting  to  14  or    1  j   p);r  cent,  of 

II  of  the  leaf.      Almost  tlic  whole  of   this    matcriiil    w 

tmaj  in  thv  Npenl  leavi.-!t,  which  when  dry  contain  not  less 

\.pBt  oeut.  of  ibcir  weight  of  thin  substanee.*      4.  The 

lUocKol  Tarlarv  roonnnii«;  a  largo  portion  of  Uiiii  iiulritire  maU«r 
'E||U|io«''"'-"I  ''"■  o'li  Uie  alkaline  water  of  their  «U'pp«M,  to  which 

fl^l ;  :^  meuu  a  notshW  proportion  at  ihe  gluten ia 

mmmytr--   - i^id,  wliich  tbo^  MttOlOBlyMt  tliuki^acd  vith 

i,  »ai  tMkti  flour  (Lakmaaii). 
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!  ptimcipie,  wbidi  tt  a  modificotion  of  tanoln ;  ft- 
mpncipit&te  in  sclDticnts  of  ),flatiii,  and  produces  *  bl 
protaKiipbate  of  iroa:  h  conetitates  from  13  to  18 
t^  dried  iatf.  Tbe  «di  of  tea  imrin  from  ^■<^  to  3'fS  1 
dried  leaf;  a  portion  of  this  a»b  is  probably  due  u> 
matter  vhkfa  the  CbiD«K  arc  in  tbe  habit  of  adding 
leaa,  for  the  fbraj^n  market ;  iii'a  colooriuy  matter  is  i 
tad^  in  otben  a  mistare  of  Pmasiau  bloc  and  [»]x 
It  appous  Sma  the  obaerrations  of  Mr.  Foaui: 
gnera  or  black  ten  eao  be  obtained  at  pIcMuro  fr 
pluit  Grtfn  ttm  a  prepared  from  the  jronog  Ic 
vitbin  an  boar  or  two  aAcr  thcr  hare  been  gatlic 
in  pan*  over  a  brt«li  vood  fire  After  four  or  five 
tke  leans  become  flaccid,  and  are  nitlcxl  bjr  tbe  bandl 
wtiodeo  table  ;  tbey  are  then  again  tbroim  into  tlit*  dry 
when  tlMT  arc  kept  in  rapid  motion,  and  iu  abuat  an  bu 
hoar  and  a  balf,  are  wmpletelr  dried. 

Biaci  lem  ia  aUowed  to  lie  in  heaps  for  ten  or  twelve  lu 
tbe  kana  hxn  been  gstbcrcd  ;  they  are  then  tossed  aboat 
tiine  tni  ihej  becMne  fla^id.  At  thiti  stag«  they 
fragrant  Eoeil ;  the;  are  uext  roUed  iu  balls,  with  tin 
n  wooden  table,  and  a  large  qaantity  uf  liijtiid  i*  at 
tkeat,  after  whtdi  thtj  are  thakea  out,  rooatrd  f»r  n. 
asaia  roHod;  and,  whilat  still  flacciil,  are  exposed 
KNW  boors  apoQ  diallow  bamboo  tniya:  this  alt 
md  ntlliag  ia  repeated  three-  or  four  timea ; 
leaves  are  dried  dowlr  over  charcoal  Gm.  A  flpeo<!»j 
taaa  appears  to  oorar  daring  tbe  drying  of  tbe  Ie 
qneocc  of  which  a  devdopmcnt  of  essential  oil 
whii-h  the  af^rceable  aroma  is  ocawioord  :  this  aroe 
in  tbe  (lesh  kaf.  Tbe  change  of  the  leaf  from 
is  auinlr  dne  to  cbcmical  alterations  produced  by  the 
of  the  air  upon  tbe  oonstitncnts  of  the  leaf,  and  cxpeda 
the  astringent  principle ;  tbis  diai 
l^  tbe  r^d  pffDCCM  of  drving  to  • 

(1219)  ra-tnawat  <C,Ji,N,0,:  GUuon).- 
prsMBt  in  duxdate.  It  it  eimctn?  "  i1ie< 
Mvmm  carta)  by  a  proccas  stmilar  to  :  j-V 

cmAiino  fnxa  tea  or  coflire.     Tbeobrouine  is  but 
in  boiltn.:  in>l  4till  ]a$  so  in  aloohol  and ' 

•iigbtly  t- —■^-     '"^  "  '•'8''  ttnipenuore  it 

a  part  of  it  undergoinj   d«xnu[HMitiaa    doriug    ibn 
Ksemblos  calane  in  its  property  of  Giiniing 


MVUW    or    THE   HONATOIUIC    ALCOBOLS. 


fill 

lie  arids ;  hut  these  compounds  arc  tlccomposcd  by 
'-MIC  [wwera  »re  very  feeble, 
bromine  vbt-u  dissolved  iu  sumouia,  and  mixed  witit 
r,  yields  a  gclstiaons  precipitate,  vrbicli,  W  tjoiliag 
t  I  iif  Hmmoiiiii,  hecontes  cunverU-d   intoa  cryKlidlinc 

tbi*  be  drivd  and  heated  hi  a  sealed  tube  with  auhj-drom 
tncibyl,  uxUdc  of  silver  is  formed,  and  cafieiue  ia  pro- 
reck  cr)  : — 

therefore,  a  methyl -com  puuod  of  tliwhrominc,  am!  not 
iDologue  of  it,  8A  its  formuln  might  seem  to  indicate. 
!M»io-nut  is  rcoiarkablv  fur  the  Inrgv  |)ro[iortiati  of  fntty 
lich  it  rumisboa.  This  fat  is  uot  liable  to  become  rancid, 
ilftiioe  which  adds  greatly  to  the  Tulne  of  tlio  nut  as  an 
ftxxl.  The  nut,  when  defirivvd  of  itx  hiiitk,  is  said 
t  Dearly  j6  per  cent,  of  this  fat,  1 7  per  oont.  of  a  sub- 
^■nhliuir  gluten,  froin  V2  to  I'j  of  theobromine,  and  23 
H^un,  sngsr,  and  ligneous  ti»Kue.  Tltc  sromittic  flnvour 
ii  due  to  the  roa»ting  to  which  the  nut  id  subjected 
to  griodiuv  it.  If  the  roa^ltrd  nut  be  siinpty  cruKhed 
been  freed  from  its  hmk^  it  forms  the  cocoa  nil/a  of 
CAocolate  i»  prepared  by  grinding  the  roasted  nut 
!!  hftireen  hot  rollers,  aud  mixing  it  with  sugar,  vanilla, 
aud  other  spiecs. 

BUmbcr  of  wflUdclini'd  bases  of  animal  orij^in  is  hut  smalt, 
aru  generally  produced  by  the  rtecomposition  of  azotisct 
not  as  yet  described,  it   nil!    be   more  conrcincnt   to 
consideration  till  a  later  pmud.     (141 1  et  aeg.) 


.  (tciweiut  Rkvikw  of  the  Monatouic  Alcohols 

ij  (Inviag  nov  completed  the  dewription  of  the  more 

'icn    connected    with    the  alcohols    of    the  form 

.    .  mav  be  wrriccablc  to  take  a  general  renew  of  the 

of   tbess   difTcrcnt   oompoiiniU  with  each   other.      For 

the-  folluwing  table  hu  been  constructed ;  it  rumisbea 

kiff  ut  the  more  importaut  classes  of  heterologous 

Crota  tbe«t  alcohols :— 


I. 

«. 
3- 
4- 

6. 
?- 

a. 

l& 

*t. 
It. 

n 

«4- 


KlMtro-mliTt  ndklu'  (C^IL,.,). 
DddIiU  ndde .     .         ■''   "        '' 
KMtet  .... 
Kmpic  (tliU    . 
I>aabU  ctbw    ,     . 


(C,.n hh>. 


OwMOad  tlWr<BM- 

Dohufe)      .      .      . 

U^    .     .     .    . 
^W>«.^    .    .    . 

tMk)     .... 

>;.     Cf>^d^  or  aibil* 

IT.      iMidi 

li    Kittib  _- 

la.    OkU*  of  ■>fti»ontB» 

31.    ZlM-ndkl* 


tl- 


s 


■7 


DteMHhMMlldb  . 
IhiiW  of   dkncrto- 1 
ntlMi  .    .     .    .     ' 
A«U    of    diMmi*- 1 


Aob  of  irif  wit- 

fdUk  .    .    .    ■ 

•S.    Stttm-TtAtm 

■f.     BMrfWHiBfaMH 

MtPft.     ■      -     - 


AHC^H^,VJ, 


KthjI'Utjy] 
AtMtid    .     .    . 

Brilrodderiv  *Ua 
B;ilrtMi)|i||iiiW      i 
cUw     ...    I 
BiMli.liU««rMk]l 
Rikrl-iMramtu    < 
Awik 


OuUe 

Snlptwtbjliaa 
SaljibAkjiBt* 
potMb    ,     .     , 

Ctricrlliw  .     . 

Brdruyuiie  mIht 

Bltijltt    .     .     .    . 
MtlhfUk      .     . 
Tri.lhjlb     .     .     . 

SUijI-una 
Z!w.stk;t 
K»1p>4jI  .     . 

Ktftwiflli-  will  .     , 

Oii>l>  U  uinrwrna-t 
«l.Tl      .     .     .     ( 
BjJmt^  i.iiila  of 
ktnrwBcitijIiBa 

OMutt^*  - 

AMU«4UWlji 

Acttlla 

Antis  Mbtdriti    , 

SmtM  MbjrirMB 
AMtiE«7aU«)4> 


Iqvmkml  iteviBw  or  tiie  uokj^tomic  ALConots. 


5]3 


■llowecl   ta  to  map  out   tlie  whole  of  tlie  rarious 

ire*  of  taah  nlcoboL  in  n  ta^lc  similar  iu  principle  to  that 

il  |»og<^  3+  and  35,  cacli  of  the  general   formtilic  girtn  in 

id  toltimn  of  the  preceding  Cahle  wonlil  stand  at  the  head 

LOf  tlic  columns  of  eucli  u  tahlc.    Each  tubrtauce  enumerated 

Ip  is,  therefoi-c,  to  be  regarded  as  llic  reprcsciitalivc  of  a 

scriet  of  coii)|iouDds  like  that  of  the  fatty  acids,  or  of 

in  wluch  each  of  the  members  differs  front  Uimc 

itncflifttcl;  [irecDdc  nud  follow  it  bv  (C,IIJ. 

rill  Ix<  <)b»«rre<l  that  tlie  It^ttcrs  W,  X,  V,  and  7,,  are  occa- 

eai(i[uy<*i]  in  the  cohimn  headed  "  GeiiemI  forraulic":— 

W  iiidicateK  chlorine,  or  one  of  the  limlogeus. 
X     indicates  an  ntdtj^drotis  moiinhanic  add. 
\    iiiHicalcs  an  anhydrous  dibttic  acid. 
Z    iudicutH  an  anhydrous  tribasjc  acid. 

huAt    be  remembered  tliat  this  Cable,  cxteiwvc  as  it  is, 

•pecity  all   the  known    heterologous  derivatives  of  anjr 

lol.     Tile  difTcrcnt  forms  of  the  phottphorus  bases  arc 

,  because  they  arc  reiirvwnttrd    by  the  furmiiUc  of 

'  ammonium,  ^m  which  they  difi'er  in  contain  iug  an  atom 

iruA  in  the  place  of  one  of  uitro^^cu.     Of  the  humulu^uCN 

difltinct  »:ripBBre  known,  the  lirst  of  which  corrcspoQda 

-ur«a  [Hj(C,Hj)NjC,Oj],  and  the  wcond  to  dietliyUurca 

I,JjN,C,Oj,],  tlionnh  the  former  eeriea  only  is  indicated   in 

AVith  the  ciccption  of  the  ureas  neither  aniid«>  nor 

baMTA  appear  in  the  table.      Tlie  zinc-radieli;agtiin  rcpro- 

metallic  compounds,  such  as  those  containing  cadminui, 

furnicil  upon  the  same  tyi>c.     The  rariou»  nnictiio-coni> 

■3   aliHi  reprr»ciilalivi>*  of  tho  antimony  series  vhidi  are 

I  m  the  table ;  the  areciiieal  compounds  likcnifto  are 

.,.:«  of  the  oompouud»  which  contain  bismuth  in  tlie 

fAnenic.     .\g"»ii,  the  I'tanno-radicK-s,  themselves  o  numerous 

■only  indicated  hy  afiiuj5lerommla;  whilst  the  oomjioundtt 

of  mercury  corre»]wud  to  one  or  other  of  the  different 

e  Ftauno-nultde. 


&u 


CHAPTKR  VTI. 


inSXTl&L   OILS  AND   »E«IKS. 


5    1.   ESSE-VTUL   Oltt. 

(1921)  The  ODORrrtKouK  imnciiilc  of  most  [ilants  re^tdn 
certain  coinpouitds  consisting  chiefly  of  carbon  snd  hydrt^a ; 
although  the  boiling  [loitit  of  thi-xe  bodies  lieti  coDnideritbly  al 
312°,  the;  emit  at  ortlinarjr  tcnipumturcs  miuute  qunucitiM  of 
iDtcoselv  odoroun  vapour.  They  have  a  certain  rc^iablaacc 
the  fixed  oils  in  tbuir  iiiil);mninbility,  sparing  gullibility-  iii  wn 
mill  ready  nolubility  ill  alcuhol  ami  in  ethvt ;  as  uell  us  iu  the  ]tn>< 
ductioii  of  n  |:;rea»y  etain  when  droppci]  upon  paper,  though 
mark  is  ooly  transient ;  and  they  feci  hitmh  inittcad  of  iiD<^tnc 
when  rtiblx^d  upon  the  slitn  ;  from  the  points  of  their  similarity  U) 
the  oils,  and  from  the  fact  of  their  constitutiitg  in  tunny  c»ses 
distinctive  compotiiid  of  the  plant  which  yields  them,  thcjr 
termed  esienlial  or  vohfile  oils. 

The  production  of  the  essential  oib  is  not  limited  to  any 
ticiilar   ])ortion   of   the   vegetable    organism.      In    K)rae    oati 
families — ns,  for   iikstnncc.    In   the  Vinbrlt^era, — the   oil    is 
aliiindantly  contained  in  the  seeds.     The  Aurantiacete  yield 
difl*ei'etit  kinds  of  esseutiol  oil,  one  of  which  is  obtaiued 
the    Bower,   and    the   other   from   the    rind   of   the    (Jruit. 
Myrtacre  and  the  Lalnaia  siipplj'  it  from  the  leaves,  whiUt  the 
RQsaeete  contain  it  only  in  the  petals  of  the  flower. 

Generally  sptaking,  the  oils  appear  to  exist  ready  formed  is 
the  plant,  being  enclosed  in  little  »aectili,  which  are  often  visible 
to  tlte  naked  eye,  a$  in  the  lenvcs  of  the  Myrtaceee  and  the  peel 
of  the  AtiranliucetP.  Iu  a  few  cases,  suclt  as  those  of  the  oils 
bitter  nimonds  And  of  mnstard,  they  are  produced  by  a  species  i 
fernientatiou  opcratin<;  ou  a  principle  contaiucil  in  the  cells  of  I 
seed ;  this  change  does  not  comuicuce  until  the  »ee<l  has 
cnishi-d  nnd  niiscd  with  water,  A  peculiar  &zoti«ed  body  pi 
ill  the  !H.-vtl  is  thus  brought  into  conlnct  under  favoarablc  ctrenn^ 
Ktanccs  with  the  compound  whioh  yiehln  the  Oil,  and  the  pcculisd 
nromn  of  the  Msencc  is  speedily  developed. 

The  oils  of  lemon  and  orangp  are  extracted  by  limple 
of  the  rind  of  the  fruit ;  but  the  general  process  of  extraction 
«Mt«  in  placing  the  appro[)riatc  portions  of  the  plant   in   a  *t 
with  water,  and  ainAyvug  Vtal  ■,  \n  wArx  x«  ij^vent  the 


I  firoia  being  ovcr-hcnted  hf  resting  agaiul  Uie  $iAt»  of  the 
:fa  woald  give  to  tlic  dJHtiUatc  a  disa^recablfl  odour,  it  is 

17  to  vospcuO  tl)cm  ill  a  net  or  ^terforated  metallic  vcssal 
p]Wr  part  of  t)ic«till.  A  bcUer  mcfhod  of  obtaiiking  the 
i»  to  allow  Bteam  to  juus  over  thu  plant,  and  to  condense 
ur  afKrwards  in  tbc  u»ual  way.  The  preoence  of  steam 
tlic  rolatilixation  of  the  oiU  at  a  cfunparativd^  low 
Emtc,  for  it  mechanically  carricK  orer  tlie  VRpuur :  the 
■B  at  flrst  milky,  l>nt  tlie  greater  (tortiou  of  tlie  esMince 
from  the  mJIkv  liciiiiil  on  standing.  Tbc  voter  which 
scd  in  a  mceiver  irith  the  oil  acc|uircft  the  odour  and 
the  enseuce  ;  such  inters  constitute  tlic  fnivraut  dittilied 
if  tho  apothecary:  by  a  second  distiliatiou,  tlicsc  uatcrs 
from  some  impurities  which  are  nieclianic&lly  earned 
i.  whieb  would  cause  tliu  Uquid  to  become  motddr,  aud 
la  faigraiice.  A  smnll  tjiiantityonly  of  the  c»M?DtiAl  oil  is 
jn  Ktlution  in  the  diatilted  water,  and  the  greater  portion 

II  «rhi4-h  is  thua  retained  may  be  eeiiaruted  by  satuntiog 
ad  with  chloride  of  sodium  ;  the  essence  on  »tsudi»g  rises 

rriue.  It  m-iy  alw>  be  removed  by  agitating  the  distilled 
ttii  ctbcr,  which  dissolves  the  oil;  and  ou  expelling  the 
thv  l&yer  vrlilcli  scjinnitea  on  stuudiug,  tlie  pure  oil  is 
111  Miiie  en»t.'i>,  where  the  esM-noe  becomcA  altered 
act  of  diatiUation,  tbc  fragrance  of  the  ptatit  is  obtained 
ccninted  by  diuolving  it  in  a  fixed  oil,  which  is  itaelf 
of  odour,  such  as  oil  of  pup|iy-M:e<U.  The  leaver  of  the 
in  suid)  instauccfl  spreail  in  tbiu  layers  u|ioii  woulleu 
Ituratcd  wilh  the  tised  oil,  the  uluthit  thus  charj;cd  are 
cd  one  upon  another,  aud  submitteil  to  the  oelioii   of  a 

c^><ntul  oils  Tarj  in  specific  gravity,  but  iu  general  they 

\iu  liian  water.      I'hcac  oils  arc  usually  liquid  at  ordinary 

but  oil    of  aniseed  is    solid  at    all    temiwrolures 

If  axilcd  slowly,  many  of  them  separate  into  a  solid 

uurtiiiii,  rcspcctjvcly  termed  itearoplen   and  elaopleH. 

u  readily  explained  by  the  eiroumstaiice  that  most  of 

oi'  latxturca  of  two  or  more  distinct  chemical 

will  if  in  volatility  and  fiMibility;  uni-  of  tlicsc 

generally  contains  no  oxygen,  whilst  the  others  arc 

formed  from  it  by  oxidation.     Uf  these  tlic  pure 

is  gruKrally  the  more  volatile;  it  actt  as  a  solvent  to 

oout(nuuds,  which,  by  a  dqircssiou  of  tcmixralure, 

itly  be  aepamtcd  from  it  in  a  crystallized  fintn. 

L  L   ^ 


ESaKNTIAL   OILS — rURE    HTDXOCABBOXS. 

Moat  of  tlic  rasciitial  oils  have  a  ycllowUIi  fiotonr,  whrdh  dcc(inii 
when  exposed  to  liie  air;  during  biicIi  cxix»iirc  tliey  alnor^ 
oxygcu  DKirc  or  lc«9  npully,  ami  are  lltus  gradually  converud 
into  a  solid,  rrainoiia,  or  caiii(iliTCOua  mbfift.  TliiMC  oils  wbidl 
absorb  oxygon  tlie  mo«t  rapidly  linve  iit  general  tlic  moat  [tow< 
odonr.  Tliis  abaorpttoii  of  o\ygvn  is  soiuctiiaei  atteudcd  wi 
ainiultaiieoutt  exlrJcAtion  of  carbonic  ai^id  aud  wutor :  tliia 
ID  tiie  ca»c  of  the  oils  of  anise,  and  of  lavender  ;  and  in  such 
8tAtKx-s  the  rusultiiig  resinous  meat  is  nut  a  simple  oxide  of 
liydrocnrbou. 

The  ei^«cntial  oiU  arc  iu^lublc  iu  potash,  and  are  not 
of  eapoiiificutioii   by  treatment  with  alVativs:  but  if  the  oils 
transmitted  iu  tlie  form  of  viipuur  u\er  heated  hydrate  of 
liydro^OQ  is  rivqucntly  disengaged,  and  the  oil  liceomeii  oxid 
forming  aii  organic  acid  which  enters  into  ronibintitiou  with 
potaaTi.      Oil  of  cinnamon  may  thii»  be  converted  into  ci 
of  polasb  : — 

Oilijri-inTMiiKia.  CiaiiMiiBlBnf  pKlub. 

C^l^O.  +  KO.IIO  =  ko^J!-6,  +  IT.. 

Chlorine,  iodine,  and  bromine  act  uj)on  tnoiit  of  the  csftcnlial 
and    form  rompounds  iu  nhicb  a  certain  number  of  atoms' 
tliese    clementa    displace    a    corre!>|i() tiding   uiiiulicr   of    atoms 
hydrogen.     Nitric  acid  oxidiccs  most  of  tlie  essential   oiU 
great  violence. 

The  essences  may  be  arnmged  iiiHlcr  three  principal  divition^] 
TIE. — A,  Pure  hydrocarbons;  B.  Oxidised  esscncea :  C.  SnlpUi 
rcttcti  essences. 

The  pnre  hj drocarlioiis  arc  {;^-iicrally  lighter  than  water; 
other  two  varieties  often  have  u  specific  gravity  greater  tliao  A 
of  Wrtter, 

The  r»-cnccs  which  belong  to  the  fir»t  class  always  occur  i«i 
state  of  admixtnro  with   a  larger  or  sainllcr  proportion  of  MJ 
oxidized  compound. 

{A.)  Pare  H^drocarbom. 

(1232)  Hie  group  of  chemical    compouDils    formed 
essnitiul  oils  which  contain  no  oxygen  preseuts  many  iul 
features:    sixteen  or   twenty  of  these   substanocs  are  isane 
These   isomeric   bodies   may    be  subdivided   into   two    metani* 
ctasvcs  J  in  one  of  which  the  moltcide  is  rcpreaenled  bj  Cj„lIJ 
to  uhich  elai«  oil  of  iiir[ieutltic  belongs;  in  the  other,  the 
Ciilc  of  the  oil,  like  lUat  ot:  dAcnce  «£  caViehfij  is  repnseuto! 


xifTIAL   OILS— rl'RK    HrnROCAHBONH. 

e  jrrmber*  of  cnch  of  these  groiip«,  notwitlistandiof* 
of  itioir  oflour  and  t»9it«,  arc  »tru?tl}-  metnmcric ; 
to  yiftWing  caactly  equnl  i-olutncs  of  vajiour.  The 
g^ruu|i«,  the  mcinWrs  of  which  are  terrae<I  lereltenea 
t,  is  thp  more  nuniRron*  mid  inip'^rtiiiit.  Many  cha- 
cbciniral  siid  pliysicnl,  irc  common  to  all  tbc 
the  ^ro«p :  for  example,  thpj-  hare  a  specific  ^uravity 
lid  form  cloa^lv  approaching  to  0'8fo;  and  the  l>aili»g> 
ph  suhjrot  lo  greater  Tnmtiotui,  iu  most  tn^tnticcs  is 

of  tho  tcrelieneR  cannot  he  distinguUhnd  from  each  other 

heir  action  upon  polarixecl  light :  some  varieties  of  oil 

mc,  for  example,  cause  l<;f[-hatiilc<1  rotatioi)  of  a  ray  of 

be  ;  oil  ul  icutoiiit  ]>r»<UiC(»  rotation  to  the  right  hand  ; 

oils  are  ilestituto  of  rotxtory  itrtinii  iipnu  the  plane  of 

A  ftlight  change  in  the  molecular  arrangement  of 

ut    [inrticlcM   of   tht-Tec    bodies  ntodifu-ts   their   action 

liglitj  for  it  has  been  fnund  that  oil  of  turpentine 

atracnt  at  a  high  temperature  may  be  deprived  of 

pOwtT,    althuugh    it    retains    its    u^ual    chvmical    pro> 

bencs  rapidly  al)sorb  dry  hydrochloric  acid  |;ft!<,  aud 
id»  termed  arltjici/jj  caiHpfiora ;  some  of  these  bodies 
in  appeamiicc  and  properticji  moch  resemble 
r;  irhil«  others  of  the  oils  form  fomhiuatians  with 
Mially  dcliuite,  but  nhich  retain  the  liquid  form.  Oil 
me  and  oil  of  Inmon;  both  form  solid  componnda  with 
Sc  acid  as  well  u  liquid  ones ;  Itnt  the  oiU  uf  black 
i  of  ber^mottc  form  ouly  Uquid  compounds: — 


oQ  of  turpentine 
oil  of  lemons   . 


:1 


Biilidf 


CaoII,,, 


IICI 


nil  of  bUck  I>cppcr^,.^„.jf5  ^C.J^^;)  8  IICI 


oil  of  bergaraotte 


I  liquid 


(*^M^'  ml 


HCt.HO. 


lis  compounds  with  the  other  Iiydracida,  such  as  the 
r  and  the  hydriodic,  may  also  he  obtained. 

remarkalilv  feature  of   the  tcrcbcncs   is   the   power 
jMMseas  of  combining  with  water,  and   thus   forming 
"  '  -taiices  nhieh  have  a  still  clospi"  aiialn^y 

1  i       '       'taition  ami  propcrtiea,  tbau  the  hydro- 
nda.     Mere  contact  of  the  oil  with  water,  or  with 
tly  aadalated  wtlh  nitric  acid,  in  most  instances  give* 
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rise  to  tliesc  compounds  ;  oil  of  turpentine  furnishing  not  fever  tbu 
three  such  hydrates,  viz. ;  terjnne  (CgjH,^,  4  HO  +  2  Aq)  ;  (C^H^ 
4  HO);  and  lerpmoi,  (C^H,y,HO);  the  first  two  «re  solid,  the  hut 
w  liquid.  Oil  of  lemon*  givc«  two  «iich  oomponnds,  via. :  (Cp^Hj^ 
6  HO)  and  (C.j„H,„,  4  HO) ;  and  oi)  of  jiuiiijcr  one  Mich  liydnie 
(CjuH,g,  4  HO) :  the  camphor  of  tlio  Dryoialanopi  camphoroy  or 
Borneo  caniphor,  consists  of  C^jH^^,  i  110. 

All  these  vaneticB  of  camphor  when  diatiltcd  with  plio»phoric 
anhydride.  lo»e  tlitir  water,  and  yield  hjdrocartxMis,  having  the 
composition  C,^li|^;  oniinarr  camplior  Cj(,H ,,,0,,  irhen  wntdarfr 
treate{l,  al«o  gives  a  hyiirnrarhon  termed  cytnol  (C^jH,,).  Indeed, 
the  simple  n<rt  of  suliltniatiou  deprives  the  camplior  or  solii 
hydrate  {C.yH,|p6  HO)  of  the  oils  of  turpentine,  «iid  of  leoaoo, 
of  tvo  atoms  of  water;  the  Ruhlimod  camphor  iii  vuch  esse 
represented  by  the  foriimla,  C,|,Hi„,  4  HO. 

The  tcrcbcncs  wlicn  KHMscd  to  the  air  ahnorb  oxy^n; 
become  brown  nnd  viftcid ;  nnd  are  ultimately  converted 
reaoa.  In  many  instances  this  oxidation  may  be  rt^rded 
simple  anbBtltutton  of  oxygen  for  hydrogen,  the  number  of  rqi 
valcnts  of  osypjen  absorbed  corresponding  exactly  to  tlic  number 
of  cqiiivalcnta  of  hydrogen  removed  in  the  form  of  water  ;  Uwt  in 
other  cases  Uii*  eonntittite*  only  the  lirst  ntagc  of  the  process,  and 
an  additional  quantity  of  oxygen  combines  with  the  newly  formed 
oxide  ■  s  good  example  of  the  latter  made  of  oxidation  is  seen  la 
the  oonreniou  of  the  liquid  oil  of  Icmoiia  iuto  the  solid  : — 

C^H„H,4.4  0.  =  C„H.,0^0^+3  H,0.. 

(iiai)  Oil  of  TcarsffTiNB  (C^nHi^) :  Sp.  gr.  qf  tiquid  o-. 
tif  I'ofiour  ^j6. — Vaxious  species  of  pine,  when  wounded,  pour 
a  semi-soHd  resin,  of  whieli    there  are  diMerent  rarieties : 
obtained  from  the  Piiiiu  afnes  constitutes  common  turpentine;  thit 
from  the  lurch  is  kuuwn  as  Vfttice  turpentine ;  and  tbat  from 
Piatacia  lentitieua  forma  CAian  turpentine. 

H  the  tuqjeutinc  of  the  Pintis  abtts,  or  of  the  Pinw  tylvea. 
be  distillcfl  with  water,  it  yields  nearly  one  fourth  of  iu  weight 
of  essential  oil :  thia  oil  pas«cs  over  with  the  vapour  of  water  la 
u  Tolatilc,  limpid,  very  InflAmmahlc  liquid,  of  a  penetrating  weD* 
known  bnlHamic  odour.  The  residue  in  the  retort  eimsiitutcs 
common  rojrin  or  colophony.  OU  of  turpentine  boils  at  320°,  uA 
may  be  distilled  unchanged.  It  mixes  frcvW  with  alcohol  and  cthCTi 
but  not  with  water;  it  dissolves  the  fiicil  and  es9cu(ial  oi1»,  aod 
U  largely  used  in  the  preparation  of  many  kinds  of  varnish,  siucc 
it  readiljF  dissoU'CB  t\ie  Tcuxtt,.wadk  on.  xoW^iEing  teares  thm 
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in  the  form  of  a  tmioparent  coating  opoa  tfac  stirface 
objcctn  Lo  wliicli  it  lind  beeu  a(ipUt-(l.  Oil  of  tuqicutiuc 
»ulpliur  itud  pUua{iLuruii  vitb  facilicy ;  it  is  aim  ouc 
solvents  for  cauuu:buuc  M(Ut  of  the  caiupfufie  sold 
prxMluoes  a  rigUt-luudcd  rututiou,  and  is  said  to  be 
by  t)ie  Pinut  mutralis  of  the  soutlieni  Slatea  of  NorUi 

lercul  oil  of  turpcatinc  frequently  connitft  uf  >  mixture 
tMODMric  liyd  rocarboQK,  which  set  diScrcutlj  on  polarized 
e  rotattOD  occuioned  h;  Boi-de«ux  turpentine,  which  is 
chietlf  from  the  Pinua  marilima,  u  IcA-liaodcd,  but  the 
rotation  varies   in  different  sam]>lcs,  according  to 
..v'.i    in    which  the  oil*   sire   minglctl.     According    to 
if  the  onliuary  Bordeaux   luriientine  be  distilled  in 
eaturaling  the  acids  which  it  coutaioBi  a  homogeneous 
),  terdifntkene  (Sp.  gr.  0*864,  at  59°),  is  <iV>taiiic<L      It 
OU    318°  and  335°.     It  is  endowed  with  letl^hauded 
action  upon  a  pol&rizcd  ray  to  a  definite  extent. 
^■04)   Modi/icution»  0/  Oil  oj  Titrpcnline. —  Deviilc  [Aita-  de 
II.  Ixxv.  37,  and  III.  xxvii.  80)  and   BcrtheloL  [lb..  III. 
bare  caft:fully  studied  the  [uodidcstious  of  which  oil  of 
U  ftiisccptible  iTtthout  undci^oing  any  eliauge  in  the 
of  its  cumpouents.     Some  of  Iha-e  modilic^atious  retain 
,lory  puwcr  upon  polariiied  light,  wUil&t  othent  are  iitactive 
pcct : — 

M-ln:e  Moii^ficuiiona. — -When  English  essence  of  turpentine 
1;  bcated  in  n  dosed  Tcsset  to  460'^  or  480°,  it  becomes 
into  a  luistarc  of  several  compounds,  which  bod  at 
tempenitures ;  two  of  tbe^,  isolerebmi/ieae  and  melalere- 
>,  may  bo  separatexl  fruui  each  other  by  fractiouated  dietit* 
Tbeec  modiScaitioiis  may  bv  produced  at  a  lower  teiujMv 
if  the  essence  he  hented  with  water,  or  with  the  chloride  of 
of  BlruDtium,  of  zinc,  or  of  ammouium.  i'luurido  of 
well  OE  many  organic  acids,  such  oa   the  ncetic,  oxalic, 

also  producen  similar  eSecbi. 

'crtbentheite  {Sp.  i/r.  0'843,  at  -ji^;  lioUing  /i/.  about 

'IVu  is  a  colourless  li^^uid  having  an  odour  of  stale  Icmous. 

a  Icfl-bondcd   rotation  npon  polahKti<l  light,  but  the  in- 

of    ihui  power  apprars  to  rary    with  the   durstion  and 

J  of  tbc  bent  to  which   it  has  been  exposed.      It  may  bo 

a  jricid  a  crystalline  kydmtt!  and  a  solid  bjdrocblorate. 

UttaiertbrHtfiriu:  (^.  yr.  0913,  ai  68°). — Tbia  body  forms 

mc  Uurd  of  the  entire  ijuantity  of  the  cs«cuce  submitted 
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to  brat ;  it  conntitutes  Uie  residue  left  in  the  retort  after  all 
matterft  voUtile  below  66c*  have  tM-cn  expelled.  U  may  be  \vl&- 
cUizcd  nitbout  dccompoi'itioit  »t  a  tt^nipcraturc  fromeirlint  bevoud 
tliis.  Tt  in  a  viacous  jcllowish  body,  po«.sc««c(I  of  a  sirons  di&- 
agrceablo  odour,  and  a  tendeKcy  to  rapid  oxidatiou.  It  eserts  a 
Icft-handcd  rotatory  power  upou  polariii-.'d  liK^it. 

Iiitcniiediate   between    tbcsc   two    bodJca   are  other   inome 
coiupounilt;,  of  intermediate  boiling  points;  but  tbey  have  uq 
been  fiprcially  examiacd, 

b.  Iitttclive  Modifications. — Besides    these  modificmtions  wbU 
rcuin  Iboir  rotutory  power,  four  otlier  form*  of  the  eaacace  haf 
bocn  prociirrd,  which  ciort  uo  action  upou  polarized  light.    Tl 
KuhMtMiices  are : — 


I.  Terebene 
s.  Colophoie 


3.  CampbilcDC  or  dndyl 

4.  Tercbileiie  or  peucyl. 


The  first  two  bare  been  obtained  by  acting  upon  oil  of  turpcntin 
witb   sidphuric    acid ;    the    i&«t    two    by  decompoeing    arti£ 
cauiphor  by  diuqiis  of  quicklime  (1225). 

Ill  order  to  procure  terebene  and  colophenc,  Vcvitlc  mixMoil 
of  turpentine  wilb  about  V<>tb  of  its  weight  of  oil  of  vitriol,  in  a 
Hask  which  is  artificiany  cooled.  A.ftcr  brisk  agitation,  ttic  tnii* 
ttirc  bueoincs  vi.ttjou.i  and  of  a  dnrk-red   coloiir.      It  muAt  be  kA 

at  rest  for  twenly-four  hours,  during  which  time  it  tepAotcs  into 
two  layers,  tlic  lower  one  being  nearly  black  and  strotijfly  ncii 
Tlie  clear  licpiid  '\»  then  to  be  decanted  and  gently  lit-jite 
bubbles  of  6ulpburou»  acid  C!«capc,  and  the  colour  gradually  da< 
appears,  whilst  the  liquid  becomca  converted  into  a  mixture  of 
terelwnft  ami  colophenc.  Upon  subjecting  tlic  mixture  to  diitil- 
lation,  terebene  passes  orer  in  the  first  portions,  anil  when  reeti- 
licd  from  a  fresh  portion  of  oil  of  vitriol,  in  obtaineil  iu  a  state 
of  purity.  The  lust  jKirtions  of  tlie  diAtillatc  couitist  of  ooloj 
phcne. 

Terebeat  has  a  characteristic  odour,  rcwcmbling  that  of  oil 
thyme.  It  boils  at  the  nnmc  temperature  as  the  u»modifi«l 
essence  of  turpentine,  yielding  a  vapour  of  tlie  same  density,  bat 
it  \>>  \cKi  prone  to  oxidation.  It  combiues  with  hydrochloric  acid, 
and  loriJiH  n  H^nid  compound,  {Ca^^Ilj„}jIlCl. 

Cohphene  [Sp.  gr.  ^f  ii^uid  o'^o :  Boiling  pt.  from  ^yO°  to 

i5oo'*)  yields  a  vapour,  the  deiit^ity  of  which  is  twice  as  great  as 

that  of  terebene,  with  which  it  is  polymeric.     It  aboorba  hydro* 

chJorJc  acid,  and  forms  with  it  a  Compound  of  the  colour  of  iudijo- 

la  order  to  obtain  coloph^iie  ui  ?.  %\a.\e  ot  "^Mxta ,  vi  must  be  recti- 


w 


iju.  CAUrnoKUf'AXD  oiLa  obtaincd  ntou  tiiku.     521 

olloj^  of  iiot&Mitim  and  antimony  (715).  Coloplienc 
^[iriMlutod  by  tliu  ilUtillatiou  of  coloiitioiir,  flroin  which 

n»mi?.  WliCH  vicwctl  W  clirccl  light  it  is  oDlourlocs, 
lib  the  tliiorosocnt  chara«t«r  in  ho  mnrk^-d  a  degree, 
cdUr  directiuiii  it  npjhcnra  of  a  ilcej)  iu(]i<;i>-bluv.     It 

^Attijieial  Camphon,  and  Oiln  olitaiaetl  from  Ihrm. — It 
iy  been  ataleii  that  esacuce  of  tuqienliuc  combiues  with 
wic  aciil,  with  wliich  it  ujut  !«  mode  to  form  two  com- 

^K  of  the«e  bodiea  may  Iw  obtained  by  nllovritig  the 
^BrpcutiDc  to  remain  for  some  weeks  in  contact  with  aa 
|R?ODCentnit«il  solatiua  of  hj-rirochloric  ncid.  It  forms 
ruelaogular  prisms,  which  have  an  aromatic  odour  re- 


It  IB  fiuible  at  iti",  aud  u 


xueu 

Hat  of  oil  of  thjnie. 

Hhy  dislillmion. 

^piiilcoiuixiuud  (C^H^.HCl)  isohtaincd  by  transmitting 

^luric  acid  gu  into  the  urtiftcially  couli-d  e^wiice  of 

s  MO  loo^  »a  it  n  nbwrbcd.      As  suod  as  this  ab&orptioii 

fmpouodmuet  be  Mihmiltcdto  the  actinii  of  a  freczini^ 
ow  anil  salt,  by  which  it  is  separated  iuto  two  por- 
«hti'h  pryhlallixt^s,  whilat  the  oilier  remains  liquid, 
^y.  Tlie  prodnction  of  the  liquid  compound  i«  favoured 
H  of  tcmjicralurc ;  if  the  temperature  of  the  ctsciice  be 
^■1°  during  the  abwrptioa  of  the  hydrochloric  acid,  the 
^^umI  only  is  formed.  lioth  tbc  iH>lid  aud  the  liquid 
iK  found,  on  analysis,  to  poHsins  the  same  eompoHition 
The  solid  body  ha»  btMiu  termed  ftijdrocAforale  of 
\^ftiadyl.  It  crystallizes  in  white  prism.*,  wiiich  have 
|jimi!ll  and  tute,  resembling  that  of  ordinary  camphor. 
le  in  water;  alcohol  di»$olvcii  uiic  third  of  it»  weight 
artilidal  camphor  melt«  at  a.jy°,  and  boils  at  32^",  at 
le  tiudergoing  jiarlial  decompoflition. 
r,  CanipfiUrnv,  or  Dadyl. — If  the  vapour  of  the  foregoiag 
ind  unth  hydrochloric  acid  he  transmittod  uTcr  hinted 
kdccoroiK»ed,chloridenf  calcium  and  water  are  formed, 
a«l  camphitene  (Dcvillc),  luriiip  the  comjioejtiou  of  oil 
^,  la  liberated  ;  this  body  may  sgaia  be  combined  with 
)  acid,  in  which  coKe  the  wild  artificial  camphor  is  repro- 
ipbilcuc  hoilft  at  173''.  It  i»  entirely  devoid  of  tlia 
tt«»n  upno  3  ray  (if  polarized  light, 
llid  hydn>chlorato  haa  been  termed  hydrocMorate 
•owewbat  rboouii,  uid  liaa  a  sp.  gr.  of  1*017. 
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it  lie  distillcri)  with  quicklime,  terebUau  (Devillc),  aootbcr  li^dicf 
carboa  iwmeric  with  v»cucc  of  liiqientin^  oonie»  over^  it  ]u»> 
scsses  DO  rotatory  power  upon  polarized  li^bt.     Wlieu  again  com 

billed  nidi  bj-droclilohc  acid,  it  fumi&hes  a  liquid jiitaHiiiM 

compound,  H 

Oil  uf  turpentine  ik  not  tlic  only  one  of  tlino  essentia]  otU  H 
hTdrocariwiis  wliicli  vxhibita  this  remarkable  facility  of  a»»un)iH 
dilTcroot  i«amcric  states  under  the  influence  of  Iwat  oud  of  adji 
Uil  of  lemons  producvx  nn  uiutlaj;otii>,  though  difTcrcnt  serica  J 
modified  produetji,  auil  most  probably  tlie  greater  nuinljer  of  tfl| 
eHseiitinl  oils,  which  are  iaomeric  with  oil  of  lurpuktinc,  would  be 
found  to  furiiiftU  like  results  whcii  .tuhjuck-d  to  aimilar  trealinettt. 

Hydratvt  t^f  Oil  oj  Turpentim. — Meutiou  haa  beeu  already 
made  (|2J2]  of  the  power  which  oil  of  turpentine  posBCHc»«f 
slowly  coiubiiiing  witti  water,  and  furniiiig  crytualUiie  coiuimuimIs. 
One  of  these,  lerp'me  (C^H  j^,  6  HO)  may  be  obtaiucd  iu  tbc  fora 
oi*  rliotuboidal  prisms,  by  agitating  together  fictjueutl;,  for  two  of 
three  dayit,  u   mixture  of  4  n)eii«ure)t  of  oil  of  tui)>eDt4ne,  I  d| 
nitric  acid  (sp.  gr.  1*36),  nntl  5  of  alcohol  [i<p.  gr.  o'}J4Q).     In  uH 
course  of  a  mouth  or  six  week»,  especially  if  it  lie  cxpoecd  to  the 
suu'«  rays,    voluminous   crystals   arc   formed.       This   hydrate  M 
soluble  in  23  parts  of  boiling  water,  from  uhich  it  crystiUlize*  A 
cooling,     it  is  abo  freely  soluble  in  alcohol,  ether,  oil  of  turiNfl 
tine,  and  acetic  acidL     'VVLcn  sublimed  it  hues  2  UOj  aud  is  oHw' 
ferted  into  the  hydrate  with  4  110. 

The  hydrate  (Cjun,^,4llO)  may  also  be  procured  when  oil  of 
tuTpc-ntinc  and  water  are  brought  iuto  contact,  especially  if  tU 
temperature  he  rDuinttiiiiccl  at  about  1 30'^ :  the  crystals  of  tlH 
tubstauce  fuse  at  302",  and  boil  at  481°.  It  may  be  sublimfl 
without  being  decompoied,  and  yields  a  vapoar  of  the  sp.  gr.  6'3jfl 
When  exposed  to  the  air  it  absorbs  water,  and  boootacs  rccuareitM 
into  the  hydrate  with  ft  HO.  ■ 

-A  third  hydrate,  termed  tarpiuol  (CjoU,yHO,  Sp.  i/r.  oS^lM 
BoUiny  pi.  334^^),  which  is  liquid  at  ordinary  temperatures,  may  Ifl 
obtained  hy  tli»solving  either  of  the  preceding  hydrates  in  boiHlfl 
water,  adding  a  little  hydi-ocUloric  or  sulphuric  acid,  and  tlisiilliqfl 
Tcrpinol  passes  over  as  an  oily  liquid,  with  au  odour  like  thatfl 
hyuciuthk.  I 

(i22fi)  Products  0/  tht  Ojndadon  of  Oil  0/  7)irpfKline.~- 
Besides  the  resins  which  arc  formed  by  the  spontaneous  oxid&tiga 
of  easence  of  tupcntine,  variona  compounds  may  be  obtaiucd  from 
it  by  artificial  procesaes  of  oxtdatiou. 

IVJieu  the  essence  i&  dS^xS^c^  'sWU  ^vitiroaiate  of  potash  awl 
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snlpbaric  add,  formic  acid  is  produced  abundautlj.  If  it  be  dis- 
tillwl  with  water  and  cKIoridc  of  lime,  a  copioiw  extrication  of 
carbonic  mciA  takes  place  with  turauUuoii*  violcucc,  and  chloro- 
form h  fuuDil  iu  ibe  products  of  the  diatltlatiou.  Chlorine  acts 
TiolcDtl^'  upon  oil  of  turpentine,  tltc  rcoctloa  being  often  attended 
with  KiifneiLtit  heat  to  itiHiLiiie  the  niixtiire. 

If  oil  of  mrpeuttue  Uv  heated  goutly  with  oxide  of  lead,  it  ab- 
Hrlw  oxygen  rapidly,aiid  hccome^  converted  into  fonnic  uad  /rr<f  iiwc 
■cwU,  which  enter  into  combination  with  tli«  oiid«  of  lead  :— 

Otl  atTtTf.  Ttrrlinlr  •nd.  remilD  vid. 

fleretinic  »cid  is  soluble  in  alcohol,  from  which  it  may  be  obtained 
cryMnlfized  in  tnfts  of  delicate  coluurleits  needles  :  it  is  inaolultla 
in  water.  Moet  of  the  componnda  of  this  ncid  willi  the  metallic 
csidea  are  insoluble  in  water,  but  soluble  in  alcohol. 

If  a  few  tea8|)ounfuls  of  essence  of  turpentine  lie  introduced 
'  into  a  jar  ncRrly  filled  with  oxygen  gas,  standing  orcr  water,  and 
!  Hposed  to  the  rays  of  the  »un,  the  interior  of  the  jar  speedily 
becomes  coated  with  brilliant  crystals  of  Aydriited  oxute  of  ittrpm~ 
^  Hm  (C„1I,^Oj,i  HO).  This  9tib»laiice  may  be  dissolved  in  alcohol, 
from  which  it  may  be  obtained  in  cry&talti.  It  i»  also  sioluble  iu 
ether  and  iu  boiling  water. 

Z^ilric  acid  acta  violently  upon  oil  of  Inrpentiuo;  the  two 
liquid*  must,  therefore,  be  mixed  very  cautiously.  Aa  the  result 
of  the  action,  a  yellow  rexin  is  formed,  and  a  quantity  of  oxalic 
and  terebic  acid  {i  291),  besides  three  othtr  acids,  one  of  which  is 
fusible  and  may  be  aublimed ;  it  it  termed  terebenj^c  acid  (llO> 
C„H.Oj).  The  accond  ts  iMMneric  with  phthalic  acid,  and  is  hence 
termed  tertphlhatic  ao'rf  {liO.CJIjOJ;  it  is  iuBoluble  in  water, 
alcohol,  and  etlier.  The  third  iit  termed  terechi-yaic  acid  {HO, 
C^lIjUJ  in  alltmion  to  iU  yellow  colour;  It  is  very  soluble  iu 
water,  ood  ia  not  suaceptiblc  of  cryNtallimtion. 

(1227)  Oilier  Enencca  which  tjictd  OiU  isomeric  ictM  Oil  <^ 
7\irpentinr. — Tlic  folhiwing  arc  some  of  the  principal  easeoces 
which  are  nielameric  or  isomeric  with  oil  of  turpentine: — 

Oil  r^f  B<vgatwUe  {.^p.  gr,  o^Sdy),  which  is  obtained  from  the 
rind  of  the  ripe  fruit  of  the  bcrgantotte  or  hmc,  consiat4  of  two 
portiona,  vis.,  t  hydrocarbon  tCj^iHu),  and  a  solid  substance 
l^-wHioOiJ,  which  may  be  supjiosod  to  be  formed  from  the  liquid 
caaenco  by  oxidation  ;  3  f'jullin+  12  0^=2  C,uU,„Ou,+  14  lIjOj. 

2.  Oil  of  IjemoM  aUo  eoutaiiis  n  solid  osidii'^  eswnce  in  small 
iiaanti^  ((^Ujo^ti)'  I'"'  ''<c  f^u/li  of  the  oil  twiuuXft  ot  iL\),^i!!kx^ 
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e«rbon  {(^'2aH,(),  vliicli  maj  lie  obtained  m  a  ftale  of 
distilling  the  crude  e**eucc.     Tlii*  liyJrocarhon  U  sn 
variety  of  modi  flea  tS  on «,  analogaun  tolhotc  wliii'h  mar 
tn  oil  or  tuqM>iiti ii«.     Tlie  e»cntia1  oil  from  t)ic  rind  o(| 
apjieara  to  be  identical  with  tiie  awetice  of  Irmniu. 

3.  Oil  of  ScroH  \a  the  fragrant  oil  obtaiiiwl  from 
of  tho  orange  tree.      It   i«   colyurlesa  wlieu  reocutlt 
become*  red  )iy  esiMwure  to  light,  or  hy  admitture  will 
acid.      Tills  oil  aUo  coiwiBte  of  &  hvdrocBrlma  C^ll,,, 
oxidir^  [Mrlion  uhicli  is  Kolid  and  di^tilutc  of  odour,  tJ>Fl 
of  the  oil  bcitiji;  due  to  the  liydrocarboii. 

4.  Tlir  oil  of  the  eommoH  birtJi.  which  in  ti:<rd  in 
tion  (ifltuMia  leather,  to  wtiicti  it  iinparta  its   agrceaL 
otitaiiteil  fioni   the  tar  furnished   by  the  imperfect  coiobu 
the  hark  of  tlio  tree.     It  coanipte  of  a  mixture  of 
nnmii;^t  which    the   priiicipal    is   th«  hjdrocirbon  Cj 
may  he  imlaled  hy  reiieated  fraclioiwted  di»tillatioii.      _ 

j.  Eimnce  of  Camomile :  of  this  there  arc  tiro  vorie 
of  (rhicb  is  obtained  from  the  Anthemia  nobUi*  :  it  iaofri 
colour,  and  coosUts  of  a  hydrocarbon  (Cj^Ui^),  and 
portion  (C^HjOj?),  which  -when  hMttsl  with  hydrate 
converted  into  angeUtc  of  potaati  (KO,(?,yH,Oj),  witli 
hy(lrt)gcn  (1125).     The  iiccond  mrirty  is  obtained 
tricaria  ehntaomilla.     It  is  Tcniarkablc  for  Its  deep 
it  contnins  an  oxidized  oil  {C^^IIifO^),  which  li»  the 
of  laurel  cnmjdior.      It  may  be  distilled  vritlioot  chat 
niain»  liquid  heluw  32°. 

Tilt;  oil  of  tho  AcltiUea  mUUfoliuw   in  nl*o  ilislingi: 
beautiful  blue  colour,  hut  it  ha.t  not  been  mitiutcly  esi 

6.  Et»ence  of  Juniper  boils  at  ^10°.      It  produces 
rotarion  on  a  ray  of  polarised  light,  nnd  if  left  in  contact^ 
^radimlly  deposits  a  white  cryslalltue  hydrate  (Cj|H„,a: 

(1228)   7.  Oil  of  Carairatf  [Sp.  gr.  O'Q.^B)    ia    obtail 
the  seeds  of  the  Cantm  cani;  it  con»isu  of  two- 
hytlroe-urhon  (Cj^H,,)  ha*  l>ocn  termed  earwnt :   the 
tion  is  known  an  etnrol.     Cnrveiie  is  a  ?ery  fluid, 
Kghtcr  than  water,  with  a  slight  agreeable  odour  and 
taote ;   it  ab^orba  liydrochloric  nctd  ga/i,  and  forms  wit 
tallitable  solid  which  melu  at  113^     Carrol.  C, 
of  sp.  gr.  oy.^3;  it  boils  at  about  437°  (Vn-^'  ^ 
with   thymol  and   iiitb  cuniinic  alcoltot.      *■ 
camphor  (C.^U  ,fi,,}lC\)  with  liydrochlnrie  aei<l.    Uitli  i 
hydrogen  carrol  yields  a  compoiiud  tenaod  Aydr 


f^  1'^):  UtiB  mbttenoe  is  olHained  1^  agitutiiig  the  IteA 
-in  uf  oil  of  ciuraway  witb  fto  equal  bulk  of  alcohol 
f  K«tufktc^  with  ammoDia and  suljiliurctUti  lijilrogcii :  it  is 
l^jo  ycllon-tjil)  crjstaU,  wUich  may  bo  rccrystalliseil  rroin 
Hcuhol  i  tbt!}>  may  lie  volatilized  witbout  (tecompoaitiou. 
PDinpouQcl  be  aj;itatcd  with  au  alcoliolic  solution  of  jiotMh 
leeompuMed,  pure  ciirvol  is  lil>orated  anil  diiuolvL-i]  b;  the 
luttl  oa  Ibc  iiddiliau  of  water  it  xiiscs  to  the  ^urfuce  iu  the 
'an  oily  layer. 

99)  8,  OU  a/ Ciovei {Sfi. gr.  ro^—vo6o). — Tlicbcrriesof 
icnto  and  tl>c  uncxiuiidcd  tlowcr^budi  of  tbc  Caryoph^Ilut 
■cus,  or  *  cloves,'  yield  au  e^seutial  oil  which  is  aot  solidifietl 
Id  of  0°  V.  It  consists  cbicHy  of  a  hydrocurboii  i»omc;ri(; 
uf  turpcutiue,  liotdiug  ici  solution  au  acid  body  tcriuLiI 
i</ (Cf„H^O,},  This  acid  fonus  &  colourless  liquid  of 
i^  ;  thai  of  it«  vnpour  is  6*5 ;  it  emits  the  odour  of  oil 
it  boiU  at  4'i9°  (Kttling),  and  forma  crystallizable  nalts 
lie*.  Two  cri'etuUiiuble  eubaUuces  are  also  obtained 
'  doves ;  otic  of  them  is  named  ruffenia,  and  is  »aid  tu 
neric  «it)i  eu)jL'ui(!  acid.  The  other,  termed  caryt/ji/iifllM 
]>y  is  i«oaieriii  vritli  onliuary  camphor;  it  is  gradually  ile- 
iftom  the  oil  ill  cryntalliuc  nccillea. 

^  of  Ginger  {^p.  gr.  O'Sy^)  is  yellow,  and  intennely  horp- 
Hnjmatic.  It  tioilK  at  abuul  47^^.  It  a|p[>cars  to  have 
^nsitio»  of  a  hvdrate  of  a  hydrocarbon  isomeric  with  oil  of 
in*.  -*  (C,.H„).5*1I0. 

130)  JO.  Oil  ttf  Cubtha  {Sfi.  gr.  O'gi*)).- — Wlirn  cubcls 
imlr^rT)  are  distilled  with  water,  they  fiiriiiab  an  isvencc 
^oolourleas  and  suiiicwhat  \i»CDii8 :  it  has  a  camphtvoufl, 
»t«.  It  boiU  at  a  little  below  500*^,  aad  when  distilled 
rilrucarbon  which  fumiiihes  a  crystalline  compound  niib 
ic  add,  consisting  of  (Cj^Hj^.a  HCl).  This  substanoe 
When  cjifieDcc  of  ciil>cl»  is  re^distilled  with  water, 
■  »|cdc3  of  cnmfihor  (C^,H.,„2  HO),  which  mclta  at 
may  be  dislilletl  at  302*  without  decomposition.  The 
cubehs,  therefore,  though  isomeric  with  oil  of  turpen- 
ihe  hydrocartioii  in  a  more  coudenoed  form,  viz.,  a» 


ce  of  Cai»vi  {Hfi.  gr.  crSjS,),  which  is  obtained  by 
ua  of  caiiivi  with  water,  ui>pcar4  to  bidou;^  to  tlioj 
».*  t'lnt  of  ciilwbt.      It  boila  at  joo°,  undergoing  [ur-^ 
I.     Jt  yiotdfe  a  cryttalltne  compound  with  hydt 
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(i  231)  12.  Eftetux  of  Wopj. — ITiis  cssenee  is 
tilling  dried  bop-ooncs  with  tratKr.     The  oil  whisi  6nA 
is  of  a  licantifnl  gm>n  culuur^  hnt  it  is  midrml  coloBtli 
tlGcntion.     It  rcniiuns  liquid  at  2*^  F..  ami  bi^tw  to  b 
384",  bat  the  boiling  point  rites  npidljr  till  ic  exceeds 
odour  Momenhkt  re»«inUe»  titiit  of  the  Itop.      ^Vhcn 
air  it  becomeB  oonfcrtM)  into  an  «dd  renDOtia  m«as. 
is  a  mixture  of  the  hydrocarbon  C^H,^,  uitii  tmienl  (C 
^]e  lij'<lrorarI>uii  may  he  obtained  in  a  pure  form  b^  allcc 
oil  to  fsll  drop  by  <lrop  upon  hydrate  of  potash,  Mben  e 
and  valerate  of  potash  arc  fonncd  from  the  ralerol : — 

c'iXp^+3  (K0,H0J+H,0,  =  9  Ko.c,o,+ko.ci.ir.Q,+ 

13.  Basenct  of  Fia/enonalw)  oonrnts  of  nUerulanduf  I 
curhoD  Cj„Hj0,  which  is  idcutintl  with  boruocnL-.  Iht?  Indlj 
which  ucvompanin  Borneo  camphor  {\i%y).  By  diktiltiJ 
essence  at  a  temperature  of  39x^1  t]ie  bomeine  mnv  be  I 
Valerol  when  t;K{K»e<t  to  a  temperature  of  31*^  ^*''f 
trauttpannii  prisms,  which  do  not  melt  until  heateit  to  4 
gradually  Ixxumcs  oxidized  by  exposure  to  the  air,  and 
■grceahlc  odour  of  vak-ric  ncid  is  developed.  In  ita  l>*nv| 
odour  in  but  flight,  resemhliiig  that  of  bay.  Sulphuric  ■ 
solves  it,  and  forma  a  blood-red  aolutioD,  which  coitlaiu 
gated  suIpho*acid.  j 

(I3j2)  14.  Oil  of  Thftne, — This  consUts  of  an  oxn 
tiou,  th^viol,  and  of  a  hydrocarbon,  thymcKc.  The  lfl| 
tutra  the  mott;  volatile  portiou  of  the  oil ;  it  ha«  i^H 
odour  of  the  plant :  it  boils  at  329'*>  aad  exerts  a^| 
polurized  lit^ht.  Thymol,  Cy,U,,0,,  i«  tMUneric  withal 
vith  cnminic  alcohol  (i2jd} ;  it  has  tho  agreeable  odo^l 
and  coiislitntei  alwut  one  half  of  the  etiMWCc  of  thyme  J 
solid  whicli  cryatallixc*  in  oblique  rhombic  prisma  ^H 
111°  aiid  boiU  at  44^^°,  gt*'iog  o3*  a  vapour  of  »p,  ^.  ^H 
ia  Tcry  «oluble  in  alcohol  and  in  ether.  Thib  e>iUca^| 
oontaiucd  to  Ibc  oil  of  lifirsc-mtot  [Mmarda  yuacli^^ 
an  Indian  plant,  the  Pttfcholia  ojou^aa.  ThynmL  «^^H 
sulphuric  acid  and  Toi-r)*  a  cry stalli table  coIligatH^^^f 
pkothtfnii<lic  (llO,C,„MtsO,SgOJ,  -which  is  aualogu«i«^| 
pbcthylic.  ^H 

Aocotitiog  to  IjiillMuuiirl,  wheit  tliyiiiol  is  treated  *i^H 
agents  auKh  a«  rhruniic  acid,  or  a  mixture  of  {  -^H 

ocfc  and  Balphuric  aeid,  it  yields  a  Hiifutom^    iL-n^H 
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pt).*  vtittb  mblimes  !n  brilliaut  orange^oolourcd  quadraa- 
|U8,  of  nn  aromatic  odour  and  an  appearance  resembling  that 
^H'(ii6j},  wttli  wdidi  it  in  homoIogoiiK.  ir  tn>nt<.*<l  with 
HPsrid  or  other  n^lucitig  agents,  it  comtiiucs  trith  bjdro- 
lyielcis  tkyimilol  (C„H,aOJ,  the  bomologiie  of  hydroqm- 
|od  bv  mising  a  viliitiou  of  e<]tiii1  woigtits  of  ttiTinoil  nnd 
i>l  in  boiling  aliN>1u>l,  the  Uiiuid  immediately  bctioraes  of  a 
I  oolonr,  and  deposits  beautiful  violet-coloured  prismatic 
tfbirh  have  a  bronzo  Itiittre.  ThfiM  corrcsjKmd  to  wbnt 
i  tcroicd  green  hydrcxiuinone. 

Tc6te  of  Bat^niuii  (Hl§  not  eetUmang  Oxygen. 
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(la^t)  EsteHCCi  which  contain  aiher  flydrora 
of  Pe/jjta-mint. — This  cs«CDCc  whcu  diKtillnl  wii 
anhydride,  yields  a  h^drocailmn  t«mml  m^nlhmr, 
essence  nlu)  appmrs  to  coutaiii  a  Kilid  liydnitc  of 
(Cj„H,„2  IIO},  nhich  »  aiiklogous  to  caiuiihor: 
niay  be  obtained  iik  crystals ;  it  fusea  at  i^^^  nnd 
emitting  a  rapoiir  of  ep.  gr.  5*62. 

3.  £itiK.-uix'or  Cedar  wood  is  wincwhat  analogotu  in 
to  the  foregoing  oil.  ttoonsi&ta  of  ncryttallizAbk-  solitl  | 
— disMlced  ill  »  hydrocarbou  (C,j,UJ,  wUicli  haa  \m 
eedreue. 

3.  Attar  of  Roara  consists  also  of  two  caaipaiiiidc>^| 
has  hut  lit'lc  odonr;  it  remains  solid  at  tcmpemluram 
and  boils  at  about  590°.  It  is  jiolyincric  with  oleliaiitj 
fragrant  jwrtion  is  liquid  ;  it  contain*  oxygcu,  but 
i»  uot  accurutcly  known. 

Tlic  talile  00  the  preceding  pnge  Ittdudes  n 
important  psscuccs  which  contain  unoxidiseil  h^dr 


(B)  Oxidized  Essmxt. 

(]334)  S«Teri)  rarieties  of  oxidieod  ^sflentt■l]  oil<  an 
vis. : — (a)  Solid  crystallized  essences  wbiclt  have  the  n 
of  hydrali-s  of  a  hydrotrarbon ;  tln^e  ron»titute  the  m- 
which  laurel  camphor  (Cj,U,^,  3  UO]  aBbrdo  lUc  h»t  ill 
(b)  Indifferent  oil«,  sach  as  spear-miiil  oil  (Cg„H^O, 
which  ri'MJioble  the  aidf/t^da,  tuch  as  oil  of 
{C,,lI.O..II),  and  of  cinnamon  (C,,II.Oj.II).  (rf) 
Micti  as  oil  of  wiiiler-greeii  (salicylate  of  methyl,  C,1 

(1235]   [«)   CASiriioiiA. — From  the  statcmeuiA  aU 
is  clear  that  tbc  camphors  arc  closely    ncUtrd   to 
vitrictips  of  tnr|tentineL     Two  species  of  cnoiphur  ate  | 
east,  Borneo  camphor  and  tatnrl  camphor ;  the  ooe 
camphor  (C,;,,U,^0^  is  ohtatiicd  from  tlie  I>rj/oAat«i 
and  is  sn  highly  prized  by  the  natives  of  Ute  nat  thi 
it  finds  lit  way  into  the  Eurojimii  market. 

Lauytl  Camfihor  (Cj,|ll,uO,)  :  Sp.  ffr.  t^ Botid  o*g^ 
5'3'47J  ^""^3  Pt.  ^47°  i  Uoiliny  pt.  ^qq\—'T\\ia 
common    camphor   of  tiic    iihoiie.       Tlic  eomi 
furuieht-d  by  tlir    Laurtia  eamjih/m,   but    it    it 


M  iKiily  which,  Ule  ilijtnol.  con' 
iwrtKin,  ahtfttld  kjr  uiulsiioa  yioJd  . 
cuboo. 


lal'RKL   CJIMPnOB. 


G3g 


|b»nlitj  by  taaay  otlicr  plnnta,  wliich  appear  to  rumioli  it 
hhudaUtiii  iif  tMr  ewaetitiMt  oils.  ThU  is  e^siljr  undcrstowt, 
be  rurtnalB  of  this  Bu1»tanoo  is  the  Kaine  an  ihnt  of  nil  of 
■De,  to  Hhicli  two  n|iiivalcnts  of  oxjgL-u  liave  ))Cl-ii  ulded. 
m  of  lATcudcr,  of  ro»em«ry,  ami  of  maijunm,  and  those  of  1 
I  "  '  iMiiieta,  sut'li  as  the  oiUof  ppimyroyal  aud  of  upear- 
^  '  caoiplior  in  poluliuii.      Amber,  iiiid  the  oils  of  wXc- 

WKff  "*''  ^"S'^  '^)'**>  yield  it  mliiti  trcRtcd  nitb  uStric  acid. 
hw  ivamcric  niuflificatimis  of  camphor  arp  known  j  tlicy 
Vhs  cJUtingiiiHiird  from  eacli  oEticr,  esve(it  by  tlitir  action 
B«j  of  pfjlanzrd  ligbc :  one  of  tlie  varieties  produccB  rota- 
r  tbo  ray  to  ttie  riylit  ;  the  second  viitit-ty  iinxIiiOC!*  Itft- 
Lluuitiuu  ;  wliiUl  ihu  iliird  vxrk-ty  ba»iiu<u.'iiBibIcoDix:t  u|iou 
facd  ruy.  The  coniiiion  cnmplior  of  the  sfaops^  mid  ibst 
B  by  l)>i-  action  of  nitric  ncid  upi^ti  liornmie,  in  t)ic  ri^-lit- 
ltoi«(lit)(iittoii.  Tbc  caiuitbur  cutilaiiK-'d  in  theuil  of  Main- 
mrilimittm  exerts  a  Icft-liaudcd  rotatory  action  upou  a  ray 
■pd  MfiUt  (CUautanl) ;  uhilttl,  accurding  to  Riot,  the  cam- 
^DfeJtcil  by  oil  uf  kvciKli-r  is  tlc-&tiLiiU-  uf  any  sucb  rotatory 
Boa  n  )>oliiriKi.-d  r«y. 
(be  (irdtriuiy  in-fKin«  of  rxtrnrtiiig  rninpbor,  tbi."  vinvA  snd 
p  of  llje  cau]|)1ior  I»iiicl  arc  cbu|i|xsl  h|),  :>[u1  pliiecd  viilh 
■  B  rude  Jiiud  of  still,  tiie  bead  of  wbieb  ia  filled  with  rice 
tUn  tlip  apfilicatiuii  ofbcftt,  the cainplior  rii^-s  lu  vapour  with 
kr.aiiil  i»  coi)di!ri^'«l  in  tbt!  straw.  It  in  then  submitted  to  a 
publiniatiouj  by  tibtcli  uieam  it  u  obtained  iu  tbc  form  of^ 
Be,  ^rauular  camphor  of  comtnrrce.  Thi»  uriirlc  is  subEC- 
I  rrftitcd  in  this  country,  by  placing  chargis  of  lo  It>.  or 
V  Iho  crude  rauiiibor  iu  Urge  globular  glnss  flasks,  fur- 
HU  *  short  Midc  neck:  heat  is  applied  to  the  bottom  of 
^Ht  by  means  of  n  Kaiid  bath  ;  sikI  a.*  soon  da  the  camphor 
M,  a  portian  uf  time  is  added  to  t-ucli  HuhIi,  afWr  which  the 
^^kwlily  maintained  for  fortycight  hours:  during  this 
^H'camplior  i*  Uowly  snbliiiicd  into  the  upper  |>art  of  the 
^Hvcn  the  opcratioa  is  finished,  the  ilusks  are  couled,  and  at 
^H  time  bnikeu,  by  aprinkliug  thciu  with  cuhl  water:  the 
^Btior  call  tbcu  be  removed  with  facility.  The  produce  of, 
^Htion  (usuaies  the  form  of  white,  tough,  t^an^luceot 
^^n|tfpbor  has  a  pei-ntinr  odour  and  nu  aroiniitic  la»tc, 
HVPaliid  afl«rwards  cooling.  It  floats  in  water,  and  is 
I  MlDbh:  in  this  liquid  ;  but  is  dissoWed  freely  by  alcohol, 
^B  '  Uie  CMCtitial  oils.     Although  pure  camphor 

^^^1^  .-.    to   pulveriw,  yd   if  moi»tcned  with  a  few 


-c-iKriioBic  ^ciD. 


.-  >€)  rrtlucnl  to  powOnr  with  fe<3iu. 
'ipliar  are  tlirowo  on  water, (Brit 
rtniurkalile  Biid  t.i^kI  gjistoiyi 
iM  allowing  a  Jrnp  of  injr 
' ':   of  tlic  Witter.      Cttinplior  fuw* 
•  verviiiflammnlilr,  nnd  burtu  wilht 
II  t-a  slowlj-  vulutilin'd  at  ctimmwi ' 
'>  glus  bottle*  bgraduoll;  ftubtiiat^,  i 
r-.itnUon  thpnitle  of  tlie  vo»<«l  wl 
:i  coil  uf  n-il-liul  pliitiiium  wire  li 
-1^  c4  rampbor,  the  metal   coittinai-'a  ti> 
-iiV»tioii  of  the  cjimptior,  vhicli  mttj 
■  .Li»  iHjtiimi  rtiniaiuB  uiicoiik timed. 
«  bcalcd  under  jiret^ure  vnth  bydntt  of] 
I  butb  tlic  i>otii«1i   and  the  water;  a  uttj 
.lagk  being  formed  : — 

t^B^M.  Casfibnlal*  nf|iilMt. 

CJi^t  +  KO.HO  =  KOT^HJA- 

ifiMT  w  ilisttlled  with  pbospburii:  aubiii 
b4k  of  xinc,  it  undrrgora  dec<inipD*ii'  -u, 
I  dmcDU  of  vuter,  nliikt  rywc/  ta  {cr»'-i  ■ 

Omnia*.  C^wmL 

lyteri:   Jcid  (2  n0.ri„H,^OJ.— Cwo( 
t  tiroes  its  ncigbt  of  eon<-(.->itmtnl  ail 
..  asd  bcoonie*  converted  iulo  captpAorir 
;ly  noinlde  in  Tntrr,  but  i»  f^^eI^ 
bv  etbcr  aud  tlie  es§ciitial  utU.      J' 
in  tbo  form  of  prismatic  t)ccdl», 
■    tbey  arc  destitute  of  odour,  and  utc  f< 

»  dibaaic;  it  mar  be  dr[irivrd  lA'   iu  U 
_  tbo  form  af  anb^dridc  by  siddiauttiao. 

acM   produce*  a  jirccipitatc  in  i 
Iff  Irnd. 

dkai  three  iRomcric  modificsitiotu  uf  camt 
d  just  described  is  charvctcrixed  bvj 
-^kt-baiiiicd   nrtalivn   of  a  ray  nf 
^tlin'itiiril,  t)iL-  oanipboric  aoid  nbfxi 
^  th«  ilairicaria  parthmtHm  vitb  : 
■irv  aclioii  J  und  if  tli' 
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obuiiwd,  wbich,  Uke  racemic  acid,  is  destitute  Af  no; 
ion  upon  tlic  piano  of  poUrizaiion :  tfaiB  mixed  aci*l 
\i  ill  clioiiiR-al  |>rop«^rtic«  frain  either  of  it*  tvo  com- 
V*  Rratlw,  xiirii.  j66). 
onuv  Camphor  [C„U|„0.,) ;  Fusing  pi.  .uSS*;  Baiting 
Ills    subsLiitio<t   <]itIi.T>    from    the    (irHCi^ding    Turicty  of 
ooutainiug  z  Muiua  luurL'  of  iivdroj^L-D.     It  is  law 
volatile  tlwt)  CDiDtDOQ  cainptigr,  but  ia  doiiwr  and 
csortii  a  riglit-tiaiided  ratnton-  »ctiuii   ii[><)ii  pnlitrixed 

power  iu  tliis  re«[iect  is  Hiualler  ttiuu  that  of  onliuarjr 
m  whicfa  it  caa  tcnrccl;  be  distinguished  in  tastc^ 
Hty,  aiiil  gtMiorxI  sp[>earuiic^.  It  cryittailijtVM  iu  sinidl, 
regular,  colourlci*,  sii-sidod  prisms.  If  gtimly  warmed 
rCiil  of  tnodcratc  fttroiigt}i,  it  luscs  z  atoms  of  hjdrogeti, 
rtcd  intu  ordiuiirv  ciitiijilior. 

eamiiliur  o^^cure  in  the  Drt/obataiiopB,  in  Qombination 
C^ll,()  termed  boriKfne,  which  lias  the  composition  of 
of  Lurjieiitii)« :  the  soime  hydrocurlion  ul$o  oecun  iu 
oil  of  valerian.     Iu  order  to  procure  the  camphor, 

made  into  tho  wood  of  the  growing  tree,  and  tlie 

adia   in  kulmiiltcd    tu   dlntillittioii :   tlic   lioriiu^nu  in 

itid  an  imperfLvt  t^ciiaralion  of  the  camphor  auil  oil  in 

.      If  bonie^ne  be  repeatedly  dialtlled  with  a  soiutjon 

comlnncs  with  z  stoma  of  water,  and   is  converted 
Mioplior.     A  similar  conversion  into  the  same  oam- 
ican  if  the  oil  be  dluolrcd  iii  an  equal  bulk  of  au  alcu- 

of  potafeh,  and  bo  Idl  at  rest  iu  iinpcrfcctlv  cIommI 
^  few  dajr»;  on  dilution  with  water  the  Cfiiiiphbr  is 
Borneo  camphor,  if  mixed  mUIi  phosphoric  anliydride 
,  loses  two  atoms  of  water,  and  i»  rocouvcrtcd  into 

iaa  akcady  fx-en  made  to  other  camphow,  such  as — 

.  omphor  {1230)      .     .     .      .      {C^yU^  3  110) 
itioe  camphor  (1225)    .     .     .     {C^H,^  4  HO) 
tilt  camphor  (1233)    •     •     ■     (^m^u»  ^  *'*^)» 

These  compouadis,  however,  are  of  Utile  importance. 
(A)  ladiffereht  etmfutiui  OtU  contaimng  orygeu. — ^Tlie 
if  uiniif  uf  thew  liavi!  been  already  mciilioucd  when 

tlic   hj-druc&rboiui  with   which   tliey  are    aiisoctutcd 

(Lavendrr  [Sp.  jr.  O'S^S). — 'ilie  exact  composition  mK 
aud  wii}-hiiOwn   oil  ha-t  uoC  Jwcu  accurately  aaccr- 
M  it  2 


OILS    AXAVaaOVE   to   ms    ALDCnYM. 


rtaioed.     It  is  scdoble  in  conceutntcd  ncctic  ocid  ;  «b«i  1 
drposiU  a  \»rf^  i>ro[K>rtion  of  laurel  cam|thQr. 
3,    Oil  of  U'ormnvatl  is  iMoaeric  with  1.-^ 
Besides  Oiesc.  tlicrc  arc  a  great  rariety  o: 
Uin  oxTeen,  but  which  hare  been  but  imperfectly  exi 

Mtaace,  u  ibe  oik  of  rajt-put,  of  dill,  of  ttiBijonm,  i 
^TCftl,  of  sag«,  of  uMafns,  and  of  maujr  otliE-r  plaub. 

(1^39)  (')  ^^  analogous  to  the  Aidfhydt. — The  uibi 
lalinaod*,  of  apiras,  of  cinnamon,  tinil   of  cumin   btg 

bj  fbrmlBg  crystallized  compaunds  with  blsuIpliiUi  i 
jsad,  like  the  aldehyds  of  tlie  series  homologous  willi 
|lilpobn4.   they   eibibit    a    strong   tendency    to    fonn 
[AhHWptiou    of    3    atoms   of  oxygen.       The    oiU    of 
riKHKrer,  diBicr  fVota  the  ordinary  aldehyde  in   the 
iwUeb    thry    alluw    the   divplnt-cinvnt    of    one    ntotn 
idragm  whidi  they  contain  by  an   equivalent  of  cliti 
tifanr,  of  cyanogen,  and  of  vaiiouii  electro-negative  eh 
tkare  been  icgarded  as  hydrides  of  peculiar  oxidized 
wnip4f — 

C.ii.o,.ir=B».  II  njdria»«fi 


OilafhittMalnoait 

oa«r. 


C„U,  Oj.a  =  Ci,  tt  Ujdrideofi 


'Wtai  ibcK  aldeliyda  are   heated  with   an    alcgbolio 
poCnh  thry  yield  ihe  alcohol  and  the  acid  of  the  aen«s 
'  Tka*  bitter  almoDd  oil  ftimisheii  the  alcohol  of  the 
«ad  beoaoic  acad:— 

la  dMcribiag  thcM  oils  it  wiU  be   couveaicot    to 
most  important  deritxttrw,  which  are  very  uumeroM,  \ 
raatpoitods  many  of  which  preieot  several  puiuu  of  it 
In  tUa  scctiou  the  fullowiug  compouadi  will  be 

t.  SMenee  of  bitter  almond — Bcitsoic  series. — 1 

1.  Basetice  of  cumin. — Cumiaic  series. 

3*  RwcaoB  of  cionnmoa. — Cinnamie  BCrii-s.^ — ('mir 

4.  £)««nc«  nf  npioc*. — Sjtticilic  fleries. — Salidii.- 

5.  Ewence  of  aniseed. — .\ui»iic  series. 


t.  Bnemte  1^  BiUtr  AimtmU.—Bensoie  Se 

|»40^  The  emmce  of  hitter  almondt  is  the 

uf  the  {TouD  iif  iinidued   eu^ainl    E>iT< 


neMtoic  sitftiKs. 

renuricabic  memoir  br  Licbig  «ud  Wohler  {Ann,  de 
L  U.  273),  in  wliich  thcj  drst  system iitu!^!!!?  npplicd  the 
f»n)[totitii)  radiclce  to  subiil»nceci  of  orgauic  origin.  Tlie 
of  tbiK  papi?r  exercLseil  nu  imtnedinte  and  cxtraortliuary 
)]N>o  tbo  stud;  of  organic  chembtr/,  in  which,  iiitlccd, 
atct)  a  ucw  era,  njid  thus  led  to  a  seriea  of  brilliflut  dia- 
hicb  follonred  in  rapid  succession. 
■Uoiring  compound!!  of  tbc  benzoic  scries  will  be  hrieflj 
or  the  mode  of  their  Tortualton  will  be  ittdicntcd  ^— 


f  bensoyl  C„H,Oj,U 
vl     .     .  C,.U,O^KO. 
bf  chlom-)p^^,j^^,j 

f  bcDzoTl  CnU,Oj,a 

rbcnsoyi  {C.,H.O„S}j 
fdo.         .  C,.H,0,.Br 
o.       .      .  C,.II,0,.I 

do.      .  o„[r,Oj,aN 

oylie  acid  HO.Ci.H^O^CjHO, 

.  HO,C,.HA 
Ic  .  C„H,O^C.,UA 

Hcacld.  a  nO.CuIIAOs 
•cid    .    HO,C„H,.N0^,O„ 
acid  .  lIO,C„H..H,N,6, 

Hide        C.,H„N', 


=BeH 

=  BtCI 

:B2H,Bri:i 

=  (B7S), 
=  BzBr 

=  B£l 

=  BeCt 

=  liO,'Hi[Il,C^HO, 

-2Bsl{,(HO,BzU) 

=BzlI,nCy 


=  HO,B5tO 
=  BzO,BsO 

=  BzO,Ac 


=  U,K,B» 

=  C„UyliN,B» 


%M              ^^^^^^^V    AMVGnlLIM. 

"^ 

BCTJBorlic  uotide    .  C^Tl,jNj 

■ 

Azobrniuyl         .     .  C^H,,,N, 

■ 

Bcnnnc  ftlcohol        .  C,,H.b,HO 

■ 

Bnuo^tlicr       .     .  CnH.O.CuH-O 

■ 

TohifUa        .     .    J  C,»h1,H^ 

-c,n! 

Bauoiiie       .     .     .  C,9H„0, 

itentile    ....  C,JI,„0. 

i 

Bauaio  ftcid      .     .   I10,C„1[„0^ 

=uo| 

CMoride  of  bcntUe     C^»„O^C! 

=cjT, 

Beosoituuntde    .     .  C^ll^N, 

{1241)  AmfgtUlin    (C„II^NO„  +  fi  Aq).— The 

bitter  alinuiul  cuuiaiiw  «  lurgc  portion  of  a  blaiul, 

colourless  fixed  oil,  vhicli  can  be  separated  from  i 

aad  wlucti  is  ideodcal  in  proftprties  witli  th.-it  fii: 

awDM  almood ;  liui  the  kernel  dues  uut  cuuuia  &u, 

re*dv  fanned.     As   »ooa,  Itowcrer,  as   the    pulp 

■oilMaBd  «itli  nter,  tbe  rragrant  odour  of  the 

ccntd.    Tbb  dcvdopsncot  of  tbe  easeutiiil  oil  is 

aoaapottitioo  of  mmj/gJaJiM,  s  crjittalliKalile  azoti.-«d  prid 

is  eoatttned  ia  the  kernel,  in    additiou    to    the 

awKkario^  and  ligaeom  couFlituoota  of  llir  seed. 

la  ordrr  to  cxtnct  tlic  •mtgdalin,  ibo  cuke 

■  tlw  fixed  oil  hu  hcea  stpanted  by  cxpres&ion  i 

uid  digestrd  intli  hot  nlcohol  of  sp.  gt, 

wJatkwi    murt    he    filtered,  and    tlie    alculiul    dntt 

sTni|w  msidao  mvst  then  he  diltit«d  with  water,  mix 

tad  ivt  nide  to  fcrmcnt,  ia  onirr  to  docaOmpnac  the 

tttonof;  ^  li^aid  and  naporsting,  the  atayi^lalttt 

tnftiL     It  i«   «cnr   «cli)bl«  ia  mnU'i     '' 

iKd  ia  ptiMBs  with  6  Aq.     The  whole  of 

V*r  a  tew^wntare  below  350'^. 

Ai^l^tiB  hai  a  swaetish,  tv  V*    ^'t 

ICf  aolaliaa  exflrls  a  1 
wUnacd  h(^     Wben  it  i»  tmtnl  wiUt  aJluUioc 
!■  Kifrflcd,  aud  a  new  acid,  the  «M<>|y>/  ' 
ra  the  bqnid ;  Ibis  doKMDporitioa  \ 
in  ai^uacia  aadcr  »iaiilar  ammiTtaacGa: 
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The  moftt  remar);al)le  chmige,  houever,  to  wliich  atnygdaliu  is 
>bject,  is  that  wliich  it  umlcrgoca  wlicii  tlic  Ijruiseil  krrncl  in 
lich  it  IB  coutaiiM^  \h  braiigtkl  into  voiitacC  with  ubUt.  At 
jn  ID)  this  is  doac.  Hie  jiocnliar  aiiil  ttgreesblc  oilunr  of  hitler 
Imoutis  ia  |w;rccivcd ;  in  twciily-four  lioiips  all  traCTs  of  amyg- 
ilin  will  hare  diAnjipearcd,  and  in  it»  pliiccan  f»«ttnliHl  oil,  Iiydro- 
(■aitic  acid,  suffar,  urni  furmif  nc'ii  will  he  fam\A.  This  sinKU- 
ir  tnuisforniiilion  ia  tlic  result  of  n  species  of  fcrincntiitiO" 
luced  b_v  the  action  of  ii  peculiar  nz.rt'xMA  matter  nllit'ii  lo 
Mil,  and  which  rewmhle^  the  diaaia««  of  malt ;  to  this  aubatanc^ 
ic  nunc  gyaaptate,  or  rmulsin,  ha^  l»een  given.  This  ferment 
eoritnineil  both  in  the  bitter  anrl  the  sweet  atmond.  If 
)iiin*  water  bo  ponrei]  itjion  the  pulj),  tlic  sjrua|>ta<ie  ia  coagu- 
Itcd,  and  no  formation  of  the  essence  eiixura.  In  preparing  the 
•nee,  cold  watvr  «hould  therefore  Iw  cmploycil,  and  the  mixture 
hould  bo  allowed  to  Uaiid  for  aome  hour;)  before  proeeediag  to 
lUslion.* 

The  change  which  occurs  in  amTgdalin  under  the  influence  of 
^naptase  mav  be  thua  repreieiit^d : — 

.kmn&Sa.  KHiniiil  o<l.  njitorj.mtiA,     Otnecto.  ramie  xU. 

-^JHA- 

*  SjuaptaM-  iri  ft  f<-rmriit  wtiii'li  miiy  bu  nilvtiutiiKi'<'uily  uppUiMl  lo  ttattty 
'Kmuii:  euuipoDiiils  in  tinJvr  lu  (■fToDt  ibeir  trnaffonuHiiun  icjtu  ui>w  jirudiicU. 
[l  m>)  W  i^Tocurrd  fn.-)m  \\x6  <tiiVo  l?l\  nrt«r  tli«  riprcjuii^n  of  llie  oil  of  tbi> 
V>M^  slinond.  Tliia  DINS*  iiiimt  be  difTatecl  thrniii:li  *  (lunnliiy  of  pure  irntcr 
t-|  lal  to  kIhhiI  tliricc  titf  <iri>;Ul  ;  (lie  liquid  niuit  b«  Btraiiii>d  U)rQU|;li  m  doUi, 
t[.<)  \hf  ^mA\fi\frA  portioD  i'.ibniiited  to  prcHiire.  The  nnulxioti  Ihu  [mi- 
.  ur-il  liiiut  h*  JL'fl  forihTM-or  rourdnraato  tempenituwof  ;o°or8o',  dnritii; 
-•  t;^  Ji  lime  it  bci-onr*  towttMf>i  into  I  wo  Uytnii  tlieunpi^r  An«  coiHiaiiog  ol' 
a  i.'ur\l'lilie  cOHgulum.  biiJ  tli>-  li>tt«r  uue  forming  acti-nr  lii^uiii'l,  likr  «-licj-.  In 
(ii-  rouni*  oflwo  or  thivf  iliiyi  llii*  lower  ulralmn  cenji-ii  to  yii-IJ  aiij  proci' 
|ii:kio  oD  tb«  aiUilioa  of  aoolic  acid;  wU-n  tliif  point  liw  bccu  r<.'u'hod, 
ul.-uhol  muni  be  aJdetl  to  loni{  aa  it  occaiioiix  a  pivmiiilftlc.  Tliis  prrcipiloto 
pMi*ista  of  (ynaptafo  in  fORibmiHon  with  p!n>»iili«ic*  of  liiiin  and  masnoaia : 
rl  miisl  b«  ■acbcd  with  slwctute  alrailiol,  aniJ  uni^cl  in  vacuv  i>vvt  *ulphilri£ 
■ai4. 

Ttie  e;(iafitw«  ihiia  obtained  (annot  be  frcfd  from  lb*  lalu  which  mmbi- 
ijil,  hut  ilunnlEmnlly  pure  ti^cnAhlriUi  action  aa  a  fcruicut  lo  bo  studied, 
biMi  driiMl  ta  dirMtod,  ii  mny  be  proBprvcd  uDalt«r*d  i  hut  il'  \^(\.  in  a  noiat 
foaditian.  il  •pcrdil^  t>ri;otDci  putfid.  Jt  ia  ooinpUtelv  Mluhle  in  ctild  WBt«F ; 
iLe  bqiiiJ  1m«  an  and  r«*ii-tigii,  wliit-li  nnxhlc*  it  tu  hoM  the  eiirtliy  photpbalr* 
ia  t<>liiti»a.  Ia  llim  "UW  it  apoi-dily  IransforniR  amjgdnlin  inW  llio  cMRuV 
vflntlrr  nEuicnds  anJ  utlirr  pruducia.  Thi;  ntpimua  aolutioo  of  BynasUW 
bMOiDM  Kirhiil  when  heated,  offing  to  the  »epurntioti  or  a  portion  of  thw 
farlhj  plM>*pliatc«  ;  lli«  bquiil,  lion  ever,  a){ntn  beiMtnea  el^ar  m  it  eoola.  hill 
n«  liinj;or  poMvMea  tfar  power  of  cinpctin^  tlic-  CranaformiitioTi  of  uuygi)«ltB 
iulo  hjdriUe  of  bcnzovl.  A  lolutioii  of  Byoaplaae  i*  cntir«]jr  [trc(sipiist«d  bjr 
Om  oJrnoctal«  of  lcad[  and  the  pii-cipitatc  bo  vbluaed  auu  UfOU  kuj^'IaVi.Iv \% 
1^  Muc  «nj  aa  »jii»pta»g  iueil'. 
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lOo  juirtii  of  amygdaliu  yield  ubout  41  of  the  esseutial  oil,  utdj 
of  hydrocyanic  acitl. 

Tlio  proportion  of  hvdrocyiinic  aei<)   liWratctl   by  the  rcactioil 
is  pL'rfectly  tlednite,  anil    it  has  1>cfu  propowd    by  Liebig  mi 
Wohler  to  lake  advantage  of  t)ii8  fact  iu  prescribiiif;  by(lrocTBiiu{ 
arid  m(.-clicinally.     Amygdnlin  m&y  be  dissolved  tu  WEitcr,  and  it  m 
he   kept  iinchangod;    but  if  it  be  miiicil  with   an    emuUiou 
aveet  almonds,  diiL-ompoititioD  commences  iru(ui?«iiate)y,  and 
c barn ct eristic     odour    of     the    phh-iicc    U    dcA-ciopcd.        ScvctiM 
graiciN  of  »tnygdaliTi  wlien  di^oh'od  in  one  ounce  of  cmnli'iuo^ 
sweet  aliiiontls,  would  furnish   exactly  one  grain  of  pure 
cynnic  acid  ;  or  it  nouM   contain  an  anionut  of  the  acid   ccioi 
lent  t<p  50  minimft  of  the  dilute  hydrocyanic  acifl  of  the  Ijoi 
Pharmacopoeia. 

Oxidising;   agents,  snch  as  nitric   acid,  or  a  mixture  of 
oxide   of    iiian(^ne»e   und   sniphnric   acid,   dccompoM;   amygd 
with  funnsliou  of  hydride  of  IkuzotI,  lietizoic  acid,  forniic 
ammonia,  and  Kiinotimes  carbonic  acid   from  the  oiidatiou  of  1 
formic  acid : — 


hTdio>J 


AoiTf>i*l*o> 


HrdrUr  bwcojtl.      U*ainlrwi1d. 


PnnnlF  Mid. 


C„H„NO„+a  O,  =  C„H,0.+  H0.C„H»0,+  6  (nO.C.KO,)+n^.J 

(1242)  EnitRSTK  OF  RiTTRR  AiJinKna,  or  Hijdriile  of  BenA 
(CnH,0,,II=  106}  ;  Sp.  ffr.  fC43  ;  BoiltHff  jit.  356°. — In 
to  extract  this  c&eence,  the  bitter  almond  calic  which  is  left 
the  expression  of  the  fixed  oil  is  criifhed  and  made  into  a 
cream  witb  wati-r.  It  is  then  introduced  into  n  »(ill,  where  it 
allowed  to  remain  for  twenty-four  hoiira,  with  occasional  agitai 
in  order  tbnt  tlie  amygdnlin  may  be  completely  dccomitwed.  Al 
the  end  of  that  time  the  distillation  is  proceeded  with.  Tlia 
oporatioii  is  beat  effcctc<I  by  the  iiijertioi)  of  steam  ;  tlic  li<)n'td  ii 
thns  i«pce<)ily  rnitcd  to  the  boiling  point,  and  all  Htdt  of  eharriax 
the  vegetable  matter  is  averted :  the  oil  passes  over  as  usual  with 
the  vafionr,  and  may  be  condensed  in  eititabte  receivers,  lltt 
diiitillntion  must  b^  coutintied  s^o  long  as  tlic  distilUt^  comca  oiit 
with  a  milky  appearance. 

A  considerable  quantity  of  the  caeence  ia  di»sul?ed  in  the  dis- 
tilled wat*^T,  but  most  of  tlii«  can  he  recovered  by  siibjectii)g  the 
water  to  a  Keeond  distil  I  ution,  the  esseiire  coming  over  vith  the 
first  portions.  The  kenieh>  of  the  peach,  the  plum,  the  chcny. 
and  other  stone  fruit,  as  well  as  the  leaves  of  the  laurel  [PrmsMt 
faurocerana),alito  yield  this  eRsence  in  notable  quantities. 
The  crude  essence,  \q  odAilAOU  Vo  \\-j'^Tvd.c  a(  beoEoyl,  con 


en  umOBExzoi.. 


kvilrocvftiiic  and  IkqxqU:  ac'uh,  and  a  crystalline  body  termed  Ijeu- 
ioine(i349):  it  is  extreruclv  jKimuous,  owing  to  the  [ircscnce 
of  liydn>cyanii*  acid ;  but  it  may  be  readily  |H>riiiciI  rroin  the 
latter  oampoimd  hy  nutating  the  oil  brUkiy  with  a  mixture 
of  milk  of  lime  and  protochloride  of  iruu.  and  then  aidiniitting  it 
to  dietilliitiou. 

The   puriHis)  oil  i»  not  iM>i*onoii!>.     Tt  is  inflaminablc,  and 

,b«ni8  with   a  sraoky   fiame.     Hydride  of  benzoyl  i»  soluble   iu 

,  30  parts   of  water,  but   it   is  diwolvcd   hy  alcohol   ami   hy  cihcr 

in   all    pmiKirtion*.       Thi)*   oil    cscrt"    110   rotatory    action    upon 

polariwd    light.       It   behare*    like    an    aldcliyd ;    for    instance, 

when   cssculial   oil  of  hiitcr  aIniond»,  cither  in  ito  pure  or  it» 

recti  Tied  rundition,  is  led  in  contact  with  the  atmosphere  and  with 

'water,  it  gradually  nbHorl)!)  oxygen,  and  is  at  length  wholly  con* 

[rcrtcd  into  a  cryaialliuc  mnss,  consisting  of  benzoic  acid: — 


Uydriil*  aT  bnudji. 


Itpoinio  vM. 


a  (C„H.O,.H)^-0.  =  3  (HO,C,,H,0,.0.) 

When  oil  of  bitter  almonds  is  heated  wiih  hydrate  of  potash,  xt" 
[yields  hydrogen  and  the  bcuzoatc  uf  thu  ulkali  : — 

Uf  Md«  «f  bamajL  Bhixhu  of  potuli. 

fCoucpntraled  nitric  aeid  converts  the  essence  into  nitro-lKnzoio 
add  (I10,C,^lI^,N04,Uj),  with  brisk  evoluliou  of  heat ;  but  if  the 
reaction  Ik:  moderated  by  tbo  addition  of  water,  a  yvllowish  oil 
termed  nilro-bensoyt  »  formed,  which  gradually  soHdifieti ;  it  i<i  a 
conipoand  in  whieb  the  hydrogen  of  the  hydride  lias  been  <li.-<placcd 
by  peroxide  of  nitrogen  : — 

C„II,0^iI  +  UO,XOs=  C^iio»^4+UA- 

^^^tcn  oil  of  bitter  almonds  is  treated  with  pcrcldoride  of  phos- 

plinrun,  it  yields  a  conijiotiiid   termed   chJorohrnzol  (Ci^H^Clj;  i^p. 

gr.  oj  liquid  I "145  ;  of  cttpour  5"625  :  Boiling  pt.  403*^,  in  which 

the  oxygen  of  the  essence  appears  to  have    been  displaced  by 

idtlnriiie,   urhiUt  oxvcliluride  uf   phu!>i>horua  is  formed,  and  can  he 

npelled   by  heat.     Chlorobcnaol  is  a    limpid,  colourlewi  liquid, 

which  has  but  little  oilniir  at  ordinary  temperatures,  but   when 

I      beate<l  ■>  give*  ofTan  irritatitij;  viipmir.     It  ia  iuiioluble  in  water, 

I     hut  readily  lotublc  in  alcohol  and  iu  ether     Limpricht  regards 

I    tbia  body  as  the  cliloride  of  benzoglycol,  the  diatomic  tVcsJtvA  tA 
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Iliit  Ikdeoic  mtim  :  when  irenterl  with  salt*  or  »U-cr  it  yidds 
pounds  of  licnKoglycol ;  thus : — 

ci^H^cfj+a  (Aio;C,if;o^  +I^A  =  C„H»0.."3C.IlA+3  AgCI. 
Oh  attempting  to  isolate  the  bcano-glycul  it  becomes  decompotol 
inlo  oil  of  biit«r  alinamts  aixl  water,  C,Jl,0j=Cj,H,O,  +  H,0,. 

( 1 243)  CMoridi-  of  Benzoyl,  or  Iteazoic  Oxychtoride  (C„1I  (0,,CI 
=  I40'5)  ;  Sp.  yr.  «/  tiijuiU  1  15,  Cobours;  "(j/"  vapour  4"v!!; ; 
BoitinQ  p{.  3Sj°. — Wlifii  11  citrreDt  of  dry  cliloriuc  is  tmnsmiiittl 
through  tlie  €«»oiiti»]  oil  of  bitter  almonds  gently  warmed,  mach 
lajclrucliloric  ncici  is  evolved,  and  chloride  of  Itcnmojrl  is  obtained 
in  tlic  form  of  n  coloMrlcHt  litjiiid,  tlie  vapour  of  wliicli  produces 
Uchrytnation  ;  it  has  a  po('uli»r  irritating  o<to^ir  resembling  thtt 
of  horsiTadisli.  Chloride  of  hciizn}!  burns  with  a  green  sinoky 
flaaie.  Tliift  miliHtnticv  ttiitks  iu  ituter  without  mixing  with  it; 
but  if  boiled  with  wntcr,  it  i«  gradually  diivotvcil,  and  dcfompostd 
into  hydrochloric  and   brnaoic  acids;    C,tI!jO,,CI  +  IljO(=H( 

The   host  metliftd  of   preparing  the  chloride  of  benzoyl,  when 
required  in  considerahle  quantity,  consists  in  bentiiig  gently  in  i 
retort  a   misturc  of   132   part»   of  erj'Ktallized   beusoic  acid,  ll 
ail    of  perrhloridi!  of  {ihoophoruH  (1  atom  of  each  subatani-e) :  a' 
Tiolcnt   renclioii  occurs,  attended   with  a  copioua  extricatioa 
brdruchloric  acid  ; — 

n*i»ali!  utd.  CUor.  h0Wi^.  Ocyctlnr.  plmy k. 

Mo.c\.H,d.+ra.  =  ci7H»(xrci+nci+iP0,ci,j 

when  this  has  terminated,  the  mixture  is  submitted  to  diatillatic 
Asi  aoon  as  the  hiiiling  point  rise*  to  383",  pure  chloride  of  bcft- 
zuvl  pu&:ics  over,  the  portions  whii-h  distil  ut  a  lower  |)uint  conaiKting 
of  a  mixture  of  oxychloridc  of  pliosphorus  and  chloride  of  lienioyl. 
Thin  mixture  laay  be  punlivd  by  distilling  it  from  auhydrouo 
benzuate  or  soda,  the  oxychloride  of  phoaphoruH  becoming  decom* 
\K}^d  in  elie  following  maniicr  : — 


Oijnblor. 

|iti<.*|>lt- 


rfeMta. 


aratnAU<  lit  Budo.  |iti<.*|>lt-  nriifllf^.  of  * 

Chloride  of  benzoyl  has  been  cateoBirely  employed  by  tierhanlt 
in  the  [irciiaration  of  the  aiihydridea  of  tlio  organic  acida  (1096]. 

Oascous  ammonia  detxiniposes  it, and  yielda  bcuEamide  (li;3)t 
aod  hydnwhlonitu  of  ammonia  : — 

CUor.  hmoBfi.  BrtMOjmtir. 
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kniltne  attacks  it  iti  a  similar  mnnnor,  and  |>nKlucC8  bmanilide 
Wliea  miic^l  with  alcohol  it  yields  benzoic  etbcr: — 

C„H,0rCl+C.H,O.HO  =  Cjno.C„Co.+  HCI. 

Sometimes  in   the  reaction  of  cMoriiic  upon   the  hydride  of 

aenzorl,  brilliant  culoiirlci^  plates  of  a  substance  spniiiigly  soluble 

'lu  cold  slcotial  arc  deposited.     Thry  are  formed  by  a  cniuliinntion 

^of  cUoridcwiih  hydride  of  Iciiiwyl  (C„Uj_Oj,H  +  C^IIsO^Cl),  which 

termed  t-Morohydride  oflttmofff. 

Suip/iidf  0/ lirnzQj/l  (C,^II.O,,S),. — When  chloride  of  benzoyl 
distilled  -with  dulpliidc  of  lead,  a  yellowish  oil  of  (hu  iil>ovc  00m- 
rilioii  jKwscs  over;  it  ^adually  solidifiea  into  a  yellow  crystal* 
line  niKiw,  nhich  lins  a  diiingrcRuhle  fiulpliumiis  odour. 

A  kromUU  0/  bemuyi  (Ci,I](t>j,Br),  und  uu  iodide  (CnH(Oj,I) 
tony  h«  ubtuiiicd  by  aoalogous  methodsj  in  the  form  of  very  fuaiblo 

Evtallizable  solids. 
Cyanide  of  Itaizajfl  (CnIIjO,.Cy)  may  be  olitaincd  (is  a  yellow 
,  by  distilling  the  chloride  of  benzoyl  with  cyanide  of  mercurj". 
(ixw)  FwtnobmzoyticMMandelieAcid  (HO,C„HgOj,C,HOJ. 
Wliea  the  distilled  water  of  hitter  almonds  (containing  hydro* 
cyauic   acid    and   the   e»»ciitial   oil]    \»   boiled    with   hydrochloric 

I  acid,  n  curious  rcnctton  occurs ;  the  bydroeyanic  acid  is  dccom> 
])Osrd  into  ammonia  which  uniCex  ivith  the  hydrnchloric:  acid,  and 
Ibrmic  acid  which  cnten  into  combination  with  the  oil  of  nlaioiids, 
prodticing  a  new  body  possessed  of  acid  properties,  aud  termed 
itamobenzoylic  acid : — 
I  O^S,+Ha+3  ir,0,4-U^  =  H,NC1+HO.C„H,0,.C,UO,. 
On  evaporating  the  aoltition,  the  acid  may  be  obtained  in  mixture 
with  hydrotdilorato  of  ammonia,  from  nliich  it  may  l>c  ecpai'atcxl  by 
ether;  tlic  ethereal  solution  depotitit  tt  in  rhomboidal  tables.  It 
bas  a  sotir  taste,  and  is  r-asiiy  soluble  in  alcohol.  When  hcatcdj 
il  fitacM  at  II  low  tcmjfcraturc,  emitting  an  iigrccabic  u<lnur  of 
liawthurn  bloiiaams.  FormoliciiMylic  acid  is  also  olttained  by  dis* 
Miring  ainygdaliu  in  couccntrated  hydrochloric  iicid.  Foriuo- 
buiiKoyltC  at^id  furnishes  one  of  the  best  instances  of  the  class  of 
colligatAJ  Bcida  in  which  the  naturnting  power  of  the  original  acid, 
die  romiic,  remains  unimpaired  by  its  uuiou  uith  the  colligate.  It 
furms  soluble  cry*tallisable  salts  with  baryto  and  silver,  and  witU 
other  bases. 

A   compound    of   benzoic    acid   with    hydr'xde    of   UcnztnjV 
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[1  CC,,np,pH)C,JI,OJ  ?  i»  obtained  by  scting  upon  the  noiit 
eswmce  of  liitt«r  ulinutxU  with  uudrieil  chlorine  ga«  ;  5  ioo)«cii1m 
of  the  C9*«uce  concur  to  its  formatiou,  but  i  raotecule  ouJy 
undergoes  oxidation  dnriug  it»  production;  6 0^11^0,  + 1  U,0, 
+  Cl3=2llCl-f  3(zC,4ll,0.,C,Jl,OJ.  ThU  naction  prcscaUk 
certain  aimlo^j-  witli  that  by  wbicli  acetal  (1079)  is  rorraed.  The 
betixuic  hydride  of  benzoyl  is  insoluble  in  irater,  but  it  cryBbilliia 
£rom  its  akobolic  solution  in  square  prisms,  wbich  may  be  fused 
at  a  gentle  heat  siid  V'o1a.tili7ei!  without  decora|K>«itiiin  :  it  pre»«ntft 
none  of  the  clitiractcnt  of  an  acid.  An  alcoliulic  »olution  of  potaili 
Kruduolly  dcRomjiotica  it,  and ,  cryfltala  of  hcnroatc  of  potash  ut 
de|iositGd.  It  apjictLFH  that  under  oertiiin  circurttiiunccit  3  inolocalw 
of  the  essence  combine  with  i  equivalent  of  beiuoie  acid  (Laurent 
nnd  Gcrhardt),  but  tlic  composition  of  this  body  is  somcwiist 
uocertain. 

Uijdraeyanatf  of  HydriiU  of  Be-nzoyl. — If  the  mixture  ofhydnv 
chloric  add  and  the  distilled  water  of  bitter  almonds  he  evaporated 
at  a  gentle  hcutj  vrithoiil  boiling,  a  yellow  oily  liquid  of  s|t.  gr. 
1'1 94  is  formed  ;  this  BubataiK-c  is  sparingly  soluble  in  water,  tut 
freely  so  in  alcohol  and  ether.  Voelokel  slateR  it  to  be  a  com- 
pound of  hydrocyanic  acid  with  hydride  of  benzoyl  (Cj,Il,' 
llOjN) :  it  i»  decomiHJscd  into  its  two  conijioneula  by  a  tennterat 

The  substance  to  which  the  namo  of  benzimide  (C^H,^NjOJ* 
was  given  by  Laurent,  is  the  result  of  the  action  of  hydi-ocyanic 
acid  u|>on  the  essence.  If  the  hydride  of  benzoyl  be  railed  with 
u  fonrth  of  its  bulk  of  anhydrous  hydrocyanic  acid,  and  gently 
warmed  aflrr  tigitation  with  an  alcoholic  solution  uf  potiish,  white 
curdy  floccnii  oi  hydride  nf  eyanohensoyt  (liensimide)  are  depoiiited. 
Thi?  same  substance  is  also  sometimes  met  with  in  the  resinons 
residue  of  the  dli^tillBtiou  of  the  cmdc  CMCiiee;  aud  on  trunting 
this  with  boiling  nleohol,  bcuKimide  ia  deposited  in  white  Hoixub 
as  the  liquid  cools.  Beuximide  is  spariiigly  mlnhlcin  alcohol  and 
in  ether.  It  fuses  on  the  application  of  beat,  and  nl  a  high  tcmpcia- 
ture  is  dei:H>nipoKC(l,  leaving  a  oarhonaeeoua  residue ;  faming  .■•ul- 
pburic  acid  di*im)lves  it  irith  a  blue  colour,  which  fades  on  dilution. 

(i24j)  Uenzoic  Acid  (IIO,ChIIiOs  =  9+ ri j) ;  Sp.  gr.  of 
vapour  ^■i'^;  Fining  pi.  i\i°;  Uoiling  pi.  ^61°. — Benzoic  ucid  occurs 
abundiuitly  in  tho  halsamiferous  plants,  independently  of  its  artificial 
origin  from  bitter  almond  oil  already  mentioned. 

Gum   Bfjisoin,    the   produce  of    the  Sl^rtut   Senzoiu   of  Uie 

*  laurmt  slaleil  subaequenllj  that  the  ronnula  (ChHu^OJ  orijpoalty 
girea  by  him  (or  this  cotnpoviai  *6a  Mtonwi'ii. 


tea- 
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slilpcUgo,  U  the  [u-inrijval  sonrec!  of  the  st]|>|)ljr  of  ben- 
ad.      Corumou    lieiizuin    occurs  in  redtli^h  lu(n[)s,  wliioh 
hare  a  lamcllatcij  Tracturc,  uid  coutaiu  vbittsh  o{mu)iic 
Wbon  rvccut  it  cioitd  un  udotir  of  bitter  atinoinU.    (*uin 
appmn  to  lie  coniposcd  of  a  mlxtnre  o(  tlirce  vorictics  of 
I  with  bentoic  aci<l  aii<]  a  small  quantity  of  a  frsgnuit  rssen- 
OdW   one  of  tlie  rV3>iiiit  i^i  soluble  in  ether,  n  »econ<)  is 
in  ftl«ohol  onlv.     The  uliittf  opuquemasMK  appear  to  cansist 
'  lenn  wbicb  i»  soluble  in  ether  :  the;  yiiJd  less  l>i!utoic  acid 
be  brown  porliou". 

ra/jon.— Iteiixoio  actil  may,  be  extracted  from  poirderfttl 

by  boiling  it  for  mine  hours  vith  niillc  of  lime,  Htteriiig 

ition  of  bcneoatc  of  lime  from   tlic  iiiKoliihlc  compouttd  of 

lim«,  ntid,  after  coiiecntratjng  tbc  tiltratc,  addiog  hvdro- 

larid ;  benioic  acid  ia  thus  predpit&tod,  aod  may  be  purilied  by 

TIic  acid  U,  howcvLT,  geiicnilly  extracted  by  the  Icea 

but  >im|>lerproOR»nf  direct  sublimation  from  gum  bcii- 

^kich  coatains  14  or  15  per  cent,  of  the  acid  :  if  the  resin  bet 

tpowdcred  and  exposed  to  a  tvinpcmturc  of  nbotit  300°,  the 

cxi^bt  rciidy  fortiied   iu  it  ia  exp-llt;d,  ami  m»y  be  vitn- 

\  suitable  itveivera.     Mohr's  pUn  of  coiiductiug  the  subli. 

rhich  has  been  already  described  whei)  (peaking  of  the 

talioii     of    pyro^Ilic  acid    (1 160],  i«  thv  simpl(.>9t  «tid   best 

B.     Tbc  rvsinii  of  tain  aiid  of  benzoin   when  treated  witii 

-  oriil  yield  an  amorphous  form  oflTenzoic  acid,  which 

vdlow  nith  a  rvwiiiou*  miittvr   which   nocompuniua  it 

|l  salts,  nnd  bindera  them  from  cryBtallizin}; :  balsam  of  tolu 

"    .    icjrly  half  il«  woipht  of  lliii  aciit.     Tliia  re^inuus  aeid 

V  soluble  in   l>>>ilii)g  wulcr.      When  tbi«  fuini  of  the 

ife3|fO«(H  to  the  snn's  rays,  it   becomes  eorerod  with  white 

Itcntoic  acid;  and  nben  cublimed^  tbe  ordinary 

.    i«  obtained. 

tut. — Benzoic  add  afMiinies  the  form  of  white,  glisteii- 

irly  li^bl,  tkiiblf  needles,  nhich  nstially  have  au  a^ree- 

Kite  i>ilour,  and  a  hot    bitterish  taste.      The  oduur,  tiow- 

^ot  due  to  the  acid,  but   to  the   presence  of  a  trace  of 

'  it:h  accompanies  tbc  acid  during  the  •tubliuiation. 

<-\\s  at  248° ;  it  Knblimcj<  at  a^J^,  and  boiU  at  461**. 

u«  acrid  and  irritatin;;;  nhen  kindled  in  the  open  air, 

«itb  a  «moky  flHnic.     The  ncid  requires  about  zco  piirU 

RtiT,  ajid  23  of   boiling  uatcr,  for  its  solution  ;  but  it  i« 

slfcd  by  alcohol  and  by  clher. 
mim. — ^Mo«t  of  tbc  benxoatea  ace  wlable  iu  vater,  and  iu 
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idcobol.  IfaHtrong  acid,  inch  uthe  sulphuric  or  liydrocbkni^  bfe 
added  to  their  aqueous  wlutiuDs,  a  crysUlliac  precipitate  of  bemoic 
ftcitl  is  deiKwited.  Potaah  and  amuionia  form  both  iioiiiikI  uik)  acid 
salu  with  benzoic  acid.  Normal  benzoaie  (ff  jtottuh  LlCO,C„HjO, 
+  Aq=i6o  +  v)  cryetAllit4»  nttb  difficulty  id  pciiiiirorin  crjstafe, 
vliii-li  crc(!{)  iiji  the  hJdc^  uf  the  vcssi-l  during  thi^ir  rurn»iioD. 
ucid  btnuoale  ((f  potaah  (KO.IIO.i  C„U^Oj)  may  be  procured 
its  solution  iu  alcohol,  iu  coluiirlcM,  pearly  tables,  wbicli 
»puritiji;ly  soIul>le  in  water.  It  is  uhtaiiicd  a.t  ii  nceuiulary  prodi 
iu  the  prfparaliou  of  acetic  miliydridc  by  dccumpa«iug  acetate 
potash  with  chloride  of  bcnzovl.  Normal  benzoate  oi  ammonia  is 
^xry  aoluhlo  in  water.  It  i»  »onietiiiie»  ti.si-d  ns  a  menus  uf  ecfw- 
rating  iron  from  nickel  and  uubiill.  If  a  solution  of  the  normal 
JKiizoatc  of  ammonia  he  atlownl  to  evaporate  Kpontaneoo^ly.  plate* 
of  an  acid  wiU  are  dt[K»»iu;d.  Tho  hconoatc  of  pn-ojritlr  ^ 
iton  falls  tta  a  bulky  bronni'-h-nbite  gelatinous  ma^a  wbeu  a 
neutral  totuliou  of  a  penaU  of  iron  is  mixed  with  one  of  beuioMe 
of  amcnouin:  pcrbcuxoate  of  irou  is  Kuliihic  in  alcohol.  Tbo  ben* 
2oatR»  of  yliria,  zirconia,  tin,  and  lead  ai'e  iosoluble  iti  water; 
tliat  of  tilver  is  sparingly  sohihle  in  boiling  water.  A  ucutral 
tiQliitioii  of  a  pcrsalt  of  iron  may  be  used  for  dctoctiug  the  preacMe 
of  benzoic  iicid  in  subittuii.  AVIicu  any  of  tlie  beiiioutea  arc  heated 
with  phosphoric  acid,  liciizoic  acid  ia  Hublicucd,  aud  may  be  recog* 
jikscd  by  its  characteristic  odour.  Tbc  bciiEoatos  of  the  alkalies 
and  of  the  eurt]i»  «ben  nubiuitti^  to  di^lructivc  dictillutiou  yidd 
a  iiatticular  hydrocarbuu  tcruiL-d  btHXtil  or  bem'iat  {fZ^M^^,  and  t 
compouitd  termed  ieinopltetione  or  bensone  (C|;lIj,C,,lijOj) ;  theit 
«iib»tance>t  lu'cirilimiitcly  rulaicd  to  tbo/>Aentc  group  uf  compounds^ 
which  will  bo  described  iu  the  chapter  upon  the  product*  of 
destmctitc  di^tilhitiun.  Ikuzottt  stands  iu  the  same  relation  U 
benzoic  ncid  that  accluue  duvs  tu  ucutiu  acid  ;  for  example : — 

AcvUlc  l>nii>.  .t«i*c*«. 

3  {CM£,  I^OJ  =  1  CaO.C,0,+C,  H,  0,'i 


9  (C»O.C,«HjOj  ^  1  CaO.C,0,+G»H„0,. 

Wlien  betuoate  of  limo  and  formiate  of  lime  are  distilled 
{iruportiun  of  one  equivalent  of  each,  hydride  of  benzoyl 
result  (Piria) ;— * 

BmuaU  orilns.    Pumiala  </liDW.  lydciAtalknMTL 

ciIcKC„H^,+CsO.C,H0i  =  >  CiO.t^O.+Ci.HA. 

*   Piriil  fiDili  Uiat  cinnainip,  cidniTiic,  ar.c]  qxIivT  alildiyd*  nuy  be  OMar. 
by  di>iiJlii)K  the  idts  of  thi-ir  carrcopondiDs  scid^  witd  formiate  of  Maatf.  'fiui 
a  Biiilurefif  einaamalcaad  t!oTmuiUiot\ioiie']\<^^'^^*>^*='>aaatiioa.  — 


ncsxAic  ANnvbuioe — brsuxic  acid. 
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aotc  acul  ia  dbsulved  by  oil  ot  vitriol,  uid  is  precipitated 
VP  diluUcin  with  water;  but  filming  sulphuric  ncid 
it  into  adiliiuic  com [laiiiiil  acid,  tlic  hensftsuifihuric  (2  IIO, 
PJ.  l-'miiiiig  nitric  iicid  convcrUi  tlie  bcuzoic  iuto  ni/ra- 
uid  (IIO,C,JI^NO„0,) ;  and  a  mixture  of  oil  of  vitriol 
ic  »cid  product*  diuiln/beHzoic  acid  {HO,C||Hj,2  MO,.Oj). 
prnducea  ugt  less  llmii  tlinru  cltluriuatcJ  lunds:  vix., 
1^,  liichlarmattii,  and  trichlormattd  bensotc  icid,  in  wliicli 
3  atoHi^  of  Itydrogcn  nispci- lively  are  diajd.iccil  hy  s 
ondiug  niimher  of  atoms  of  cliluriiic.  When  Iwiizuic  acid 
!d  nitli  )>crcli[atidi:  of  pUospboras  it  jrielda  chloride  of 
in  abiimlancc  (1245). 

ioit  atthydride  (^i^^H^Oy,C^^n^O^). — This  coinix>«nd  is 
I  by  dcoonipoaitig  auliydruus  beiixuaie  ofsodanitU  vhtorido 
pjrl,  or  witli  o%ycliloriJe  of  jitioiplioru*  ( 1096).  Tlie  rc«ult 
roactiou  in  wa^lied  nitli  water  venlcly  alka]i«.-d  with  cjir- 
of  Kjda  :  tieiuEoic  anhrtlride  is  left  in  tlic  form  of  a  vbile, 
niu«  iti^ulitc  in  watrr,  but  (wliiblc  in  ether  and  in  hot 
io»  alcohol,  (torn  which  it  crvatnllixes  in  obliqiic  pn3m«. 
t  nt  about  loK^  F.,  and  uftcr  undeTgoing  fusiou  it  long 
liqtiiil,  emittiui;  a  peculiar  cnIdup,  reoalliog  that  of  beiizoio 
ith  n  «]i^iit  Aiucll  of  oil  of  hitter  atmonds.  It  may  be 
UDalterpd  at  590°-  nniliiig  water  slowly  coiircrts  it  into 
ra'cd  arid  ;  the  oliango  ia  IvaHtciied  by  the  addition  of  an 
It  enter*  into  the  forraatiou  of  many  double  anhydride* 
aorJi.  for  example,  as  bettznai^tic  anhi/dride  (C,,ll^O^, 
liiaobiaiotd  hy  beating  acetic o\ychloride[Cj]l,OjCI) 
,  ...  ;t£oatc  of  soda.  A  brink  reaction  uccnrs  at  ordinary 
res ;  vhrn  this  i«  over,  the  rexicbie  roust  bo  waslwd 
and  i«ilh  u  weak  solution  of  orbouatc  of  aoda: 
ikuliydride  u  led  in  the  form  of  a  neutral  oil,  which  is 
o  iralcr,  and  emits  an  Bgrecabli!  odour  of  dierry  wiue. 
slowly  dccompwsca  it  into  a  mixture  of  a<rctic  ani) 
d% ;  but  tliu  tolatiouB  of  the  alkuliea  or  of  their  car- 
ijDxrkljr  cooTert  it  into  acetate  nod  benzoatc  of  Ibc  base. 
he  di»ti)h'd  wilhout  vxprnfionnt;  dccomiKK^ition  :  acetic 
,piLVM?i  oTcr  first,  and  if  the  di§tdtation  be  stopped  aa  »ooR 
pfratnrc  of  the  boiling  liquid  rcaclicA  536°,  the  roiidue 
tort  aolidifica  on  tooling  into  a  mass  of  cryHlallixcd  bcnxoic 

1  AnLrdflMf  arid ;  CarbanUie  aeid  or  Aouilc^benxoie  aeid 

'  '  I  J'.'^'.-'^i^i).    *■    '■'    '*   niOR'    appropriatrty 
u-i   -  cruo  amidated  acid  (1166),  but    bcuzoic  acid    in 
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wh'wli  an  atom  of  hfdrogcu  bos  been  displaced  l>;  tn 
]ent  uf  aniidogeo.  It  is  isomeric  witb  atitlintuilic  acid 
and  wtlli  «iili«Tliinii(le,  niid  i»  ubUuncd  by  tlte  actiutv  uf  ■ 
agents  iipoti  uitrubeiiKoic  acid.  If  an  alcoholic  solntiou 
lieusDic  acid  be  saturatcil  vitb  ammunia  and  with  stilp 
b)'drugcii,  uiid  lbt:n  Ixtilcd,  it  brcoraea  gtxN^n,  «nd  i 
deposit  of  »ul|>bur  occur*  :  tlii«  opcmlioii  mu^t  be  rej 
three  timr»,  in  order  to  complete  tbc  decomposition 
bt'iizuic  acid : — 


KiUqWaivic  tit. 


JM>U«b«>. 


:— ■«!_ 


nO.C.,U..NO^0.+3H,S.=  HO.C„H.(Il,S)U,+  »H, 

The  liquid  must  be  erajmrated  to  the  coDBtstcnce  of  ftjrn 
uitiiratcd  witb  acetic  acid,  and  the  precipitate  draiuulujMi 
tilea.  It  itiu>>t  then  be  rcdissoKod  in  boiling  water;  tli* 
digested  with  animal  pbarconl,  filtered,  and  allowed  to  ci 
Aoiido-beiixoic  acid  en  :<tallic«a  iu  radiated  tufu  of  delicitf 
nhicb  ;irc  rcnilily  ^tible  iu  alcoliol  and  in  ctlicr.  It  bai 
sourisli  ta<itu,  but  no  odour.  It  forms  an  iusoliibloKrm 
tate  when  mixed  witb  »illa  of  cupper ;  with  salt»  of  ailRi 
a  wliilc-  curdy  precipitate,  which  if  left  in  the  liqoiil 
crystalline. 

Tbi^  Eicid  likewise  posscstcs  the  property  of  corabtnm^  H 
acids.  Oil  of  vitriol  dissolves  amido-beiiKaic  acid  liv  tbcaif 
a»d  on  cooling,  it  deposits  brilliant  cryttulft  (jC^^H-NU^z. 
+  2  Aq),  which  Qiay  be  rociyHtalliBml  from  boiling  waten 
alooliol  :  tlicir  a<])ieous  aolatioii  liii»  an  fulrcnirly 
similar  com  pound  (C,,iLNO,,ilO,NOj)  may  be  Ion-  . 
acid.  Pbcnplioric,  oxalic,  hydroctiloric,  and  other  b4| 
with  amii]o-l)cii3!oic  acid  similar  comhiuation.i.  TItP  n 
witli  hydrot'liloric  acid  forms  a  cmta.lliDe  double  salt  nitli  tl 
of  platinum. 

Aniitio-'veiixoic   acid    is    the   rc|irc««iitnlivr  of 
pouiide'  uliLcb  the  aromatic  acids  i'urtiisb  «tu-u  tL^  . 
ti?e»  arc  submitted  to  rvductioD.     Iu  tliis  laanDnr 

(iio,r„ng,n,jN',o,),  ««t«/o.cu»u>nV   (iio 

amido-aHnic  ocid»  {U0,C,5U,,!ljN.U^l  otav    _  , .   , 

exhibit  a  similar  tendency  to  combine  with  acid*.  a»| 
lia-ea  J  nnd   if  the  *iIror  salt  of  one  of  d 
Rmido-br<izo:itc-  of  isllver,  be  trcatol   with    ■ -i  . 
compound  cr>stalliiahlo  acid  ia  obtain«l.  analofoua  ' 
niid  ■'  i- (I25i)  which  nrr  I  '  Ijy  similar  ' 

tlir  c      .         I  of  glycociDC  and  o\         uc  : — 
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Rkcnlleil  amido-ncids  ippcar  to  be  isolc^us  irith  glj-cocinc 
ll^  its  liODiologucs,  aud   resemble  them  coiisidcnibl}-  iii 

luic  Bctinn  nf  reduciog  agcntH  upon  dinitro-ljennoic  arid,  a 
ptd  (C|^n,X,0  J  BoalogoUB  to  the  araido-benzoin  acid,  having 
tpotiitiou  oC  (iiamidobemoic  add,  [nO,CjjI{^(ll,X)jOJ  has 
Rkinvd  (VoiO,  but  it  jMsseHBes  none  of  the  characters  of  »q 
I  cutiibines  rcadUy  with  acids,  the  iutroductiou  of  the  second 
■Ht  of  amidogen  having  given  it  a  decided  ba«ic  energy. 
17)  Action  of  Ammonia  on  the  Oil  of  B'Uttr  Almonds. — 
BnpouDdd  nre  produced  \>y  the  action  of  amiuouia  upon 
^ft,  which  arc  diHVn'iit  lUH'ordtng  as  the  iiucdcc  cmptovcd 
|br  caataius  hydrocj'aiiic  acid.  If  it  be  pure,  hydrohenzn- 
p  diljcuxojlimidc  are  the  result  of  the  reaction:  if  it  be  iu 
le  state,  thd  iiTdrocynnic  acid  takes  part  in  the  reactiouj 
Uiydramide  and  tieuzoylic  axottde  are  formed. 
ndrohemamide  [Q^^^^  is  the  most  iutere^tiugof  these 

V»»  {I'ltu^ed.  Hog.  Sac.,  n.  574.  x.  ,500  miJ  501)  Itu  denrrifu'fl  n 
Mbsed  bodin  in  lom^  musurB  c«iini>ct«d  wiUi  tbe  amidic  bBi<i?B. 
^Kdir*  ArecencnitKl  bjr  the  action  of  nitroiM  acid  upon  ult'oli^ilic 
^^Btdo-oi-io*  of  iIh>  Iwniwic  i(rou|i.  the  rhnnut^  cod* itting  in  ihp  sut>- 
^^Mi  klitn  of  ni1r<.ii;;ru  for  ikn-e  atoms  of  liir(ln>f^ii  in  two  molociilt^a 
^^Kid.  WliTD,  fcrt-xai[i|'l<-,iimi<lo-bm£Qiuocid  li-diFtolrvdinalcuUol, 
^^B>W  erjaUlliDe  prccipilateiaobLtiuerl,  Minstilulinsa  diltasit'ai'id 
^Bhtn*,  in  tttrnbn).  and  in  ndur,  hut  •nlubli'  in  thti  n]l(alt<^,  forTnmir 
M^vUllizablc  talta  which  yield  tlnn■iy^ll^^e*  <rilhae«Uite  of  lead  ou J 
le  of  •ilfcr.     Thf  reaction  uy  wfiiaLi  iiutfonuvdua}'  thua  be  Tepre> 

I      ft-"-' ^  kM.  r*w  mU. 

I       ic,4n^N^.+  (SO,),  =  j  H.O,+  jC^i.N^,. 

\-.'      .'  -' '"^rion  oft  aloin  of  tiitrogvn  for  ^  itomaof  lifdro|i;oD  ^n* 
.1  oalliae  and  aitraniUov,  >  uwccoLm  of  ucli  cDuipoimd 
VH  Ltit.'  ■  ^..oJmoIo  oT  Ibe  new  body  i  for  tiacnple :— 

hpMMf  •olalion  oftlio  amiiio-beuioic acid  be  dvoompoaii^d  hj  nilrou 
Bm  u  llbrratod  nbandaittly,  and  a  nuv  ooinpouad,  liie  aryfrtneai* 
UBJJJ  of  Girrtuut  is  obtained.  It  is  DMiamrric  with  «ili<.7lio 
^FaoC  njatMtm  MUitf.  Il  fumiaUi-i  vitj  aoluble  *alta  nilii  tbo 
^Hbwngly  »ulubl»  er^ttnlliTif  uoRtpounda  nitli  tliv  alkaline  eartha. 
^Bu  ia  apaTuigly  Bolublc  in  culd  wB(«r  ami  aleolioL  It  fiiara  vthcn 
^|^l)C  nbliEBcd  viilwut  alicration.  Tbe  naotjon  bj  wbicb  it  ia 
^Bb*  ihiu  repruaauted : — 

^^b^baazuio  acid.  OljbCBKdf  Hid. 

r  K  s 
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compoua<U ;  it  may  Ite  formed  by  Muiply  agiuUiig  the  oil  withi 
BoluticHi  of  amtuoiiia,  and  ai^rwanls  leaving  it  at  rest  fur  >oae| 

dayn  nl  the  ordinary  temperature  ;  but  Ute  reaction  is  oonipleted  a 
u  few  hours    if  tLe  laixturi;  Ijc  hcatfid  to  tltc  butling  point, 
either  case  the  mix^d  liquids  gradually  litHnine  L-onverteil  int 
crj'stallinc  iasi»»  of  hydrobciisamidc,  irhich  must  be  washed 
ether  aud  cryatxUizud  £roui  Ixiihug  alculiul : — 

Bflr.  bcniayi.  BjirBhrnuiaMm. 

Ilydrobonzaiuide  furin«  eolaitrli'ss  ootobcdra  with  a  rhoml 
It  in  dwtitute  of  odour,  and  insoluble  in  water,  but  readily 
in  ether.      Il  molts  at  ^30**;  and,  if  heated  for  KOtnctimctoi 
260",  or  if  boiled  with  a  solution  of  potash,  it  is  conrerted  into 
isomeric  base  termed  amarinc  or  bcimolinc  (i  198}. 

When  hydrohcnmniicle  i»  ftiwd  M'ith  poliuh,  Mevera)  new 
pounds  &TC  formed,  such  a«  bensosliUtine  (C„lI^,Oj?),  and  hens 
(C,iH,0  ?).  whiht  the  uitrogcn  is  expelled  iu  the  form  of  ammc 

Hy^rolieiizaiiiide,     when    boiled     with    lijdroehloric    acid, 
dceomposcd  ;  »al  ammouiac  iu  fortiicd,  and   hydride  of  heDSovlJ 
set  at  libcrly.     A  »iiuilar  chniige  is  aho  produced  by  mere 
of  it»  alcoholic  Holuliou,  but  the  ammoaiu  in  that  cose  ia  lit 
in  the  uiicombincd  form. 

1.  Dihenzdyiimide  (Cj^H„NO^  is  obtained  by  pa&sing  amn 
riiacal  gaa   iulo  uu  ulcvholtc  eolutiou   of  csecntial  oil  of  bitia 
olmonda.      It    is   gradually  separated   in    the   form   of  a  rottioB* 
mnss  which  is  soluble  iu   boiling  alcohol,  and  from  which  it 
deposited  as  a  yellowieli  ponder  composed  of  briltiaut  fca 
cry&tala  (Itobaon)  : — 

Hnlr.  bofiMi}!.  DibniaillBitd*. 

3.  lienshydramiSe,  or  Hydride  nf  Cyanarcbensojfl 
(C„H,,N,()e)  wa»  originally  stated  by  Laurent  to  be  iaotucrie 
liydrobcitxu:iiide,  but  when  he  re-examine<l  tliU  substance  conjoil 
widi  Gerhardt,  thia  statement  was  ascertained  to  be  an  error, 
the  crude  essence  of  bitter  almonds  be  heated  to  212*  and  sato- 
rated  with  amnioiita,  then  diasolred  iu  u  niisturv  of  alcohol  aud 
ether  and  left  to  itself  for  three  or  four  days,  &  depuoit  i«  fortnod 
trbich  connists  of  tiro  portionii,  vis.,  bttuhydrum'tdt,  aud  lensoglk 
asolide :  they  luuy  be  KefMiratcd  by  tlic  uctiou  of  boiling  alookoL 
Bcn^hydramide  is  eoluhlc  in  boiling  alcohol,  from  vhich  on  cool- 
iug  aud  8jK>utaQeoas  eva^ratiou  it  is  deposited  in  small  briiUmfci 
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I  -which  are  frtelr  •dtihlc  in  ether ;  and  wliich,  when  hoilwl 
soKlorio  ftoid,  ire  duoomposed  into  bydrocyonic  acid, 
nf  smitiotiin,  nnd  hydride  of  Iwnitoyl. 
porlitiii    wtiicli  is  left  umltssolvcU  by  alcolin]  is  the 
a^oiule  of  Lnurcot.      It  i»  id  the  form  of  a  white  crvs- 
[foodpr,  whifth  19  nearly  insoluble  in  alcohol  and  ia  ether : 
the  npplicntiou  of  heat,  and  cryslalliKc*  on  cooling. 
armiLtiuo  of  thow  two  compounds  is   explained  hy  the 
;  equations  : — 


•nd. 


BraKijHe  uullilt. 

•jl  (f^uH,jN,)  is  a  third  aubetonoc  which  was  oh- 
I  lit.     It  is  nearly  insohible  ia  alcohol,  hut  soliilile 

on  the  application   of  heat  it   fuses  into  a  truiutpmrcut 
ibKng  gum  in  appcarajaoc, 

Alcuhot  ^fthe  BvHzmc  Series  (C,  JIjO,  TIO;  Canniataro): 

t^  liquid^  fOjg;   of  vapour   ,J'S4;  Bailing  pt.  400". — In 

obtaiu  this  conipoiind  the  fullowiag  proccsa  i«  adopted  : — 

Titttrr  aJmondH  is  dIvMitvcd  in  its  own    volume  of  alixihol, 

ii  liiiuid  IS  mixed  with  three  or   four  timw  its  hulk  of  an 

•oliitiou  of  hydrate  of  iwtash  (of  s]).  gr.  roio) :  a  coii* 

'i(in    of  heat  occurs,  and  a  copious   deposition   of 

site  of  potiusli  tnkew  pliicc  :    wlu-ii  tlii:«  n-uction  liiw 

boiling  water  U  added  to  the  hquid  in  quantity  sufE- 

>Ivc  tlic  hrnziiote.     The  greater  part  of  the  alcohol 

be  dlHtitli;d  otf,   niid  more  water  added  to  dlvKolve  the 

if  nccc«.fAry ;  the  turbid  liquid  thua  obtained  most  i>e 

with    ctlicr,  and  the  ethereal  layer  which   separates  on 

toust  Ijv  dmwu  otr  and   subjected  to  distil Intiuti.      Tlie 

IRa    coiuist  of  ether,  bat  auh^equently  pure  bcDSoic 

over.     'Flic  reaction  of  the  potash  upon  the  hydride 

may  he  thit»  rcjirewLiti'd  : — 

^C^Bfit  +  KO.no  =;K0,C,.U.6,+H0.t\.H^': 

jc  ittrohol  ia  a  culuarlcss  oily  liquid,  w)iich  is  readily 
^  br  nitric  acid  at  a  gentle  heat  into  oil  of  hitter  almouds  ; 
twtwformed  by  chromic  acid  into  lienzoic  acid  :  both  of 
^cts  are   the  rceulta  of  oxidalton,  which   mar  b«  thai 

«  K  2 


548 


ZTIIIiBS   or  TUB   DINXOIO    tUtll 


Bminir  •leub't. 


OaoTMit** 


,1  

C„HgOj+0,  =  HO,C„H,0,-.-     n,o. 

It  is  obvious  thai  oil  of  bitter  almoiidd  and 
ill  tlic  fiamc  relation  to  Iicntotc  alcohol,  that  alddij 
ucltl  (1(1  to  ordinary  alcohol  {vide  Table,  p,  149). 

If  Iwiisoic  nirtihol   be  distilled  from  hydrate  of 
decomposed  into  bcnzonic  of  potash  and  the  hydi 
toluol,  which  corresiKinds  to  olen&iil  gu  in  the  alt 

Bansoio  alcnheL  Bn».  puUub.  TbIihL 

3C„n,O,4-K0,H0=  KO,C,.ir^,+a'c^,+a 

Btinxoic  alcohol  mfty  he  mftde  to  yield  B  ecric"  oF  n 
which  are  the  following: — 

Bcnzo-cthcr CnH-0,Cj,H.O  ah 

BctiBo-hydrochloric  ether  .      .     C„H-CI  tX 

Beiuto-aeetic  ether  .     .     .     .     C,,H^,C,  H,0, 
Benno-benxoic  eiher     .     .     .     C„H,0,C„H,0^ 

lii-nzo-ether  ia  ohtiuiied by  hentiiig  bcnxoic  bIcoLoIi 
auhydnde  iu  a  oloscd  veaaei  to  abwt   350^  for 
The  boracic  acid  musC  then  be  eitracted  with  boiling' 
weak  solution  of  carbonate  of  smia,  and  the  rcaidoc  11 
tilled  at  a  temperature  of  about  590^;  lx:nzo-cthcr 
BDd  a  hydrocarbon  (CjjHj,)  remaius  iu  the  retort  >— 

Beu«>>hydronhIoric  ether  when  heated   in  1  aeak 
ammonia  furnisliea  the  volatile  hate   iolu^lia,  C,^HgN 
r**poiid«  to  etbyiia  in  the  ethylic  Msriea.     When 
mixed  nith  oil  of  vitriol,  it  yields  a  oompoiiDd  aeid  (I 
®j^fl^  eoixeaponding  to  Ui«  »ulpbcthylic.     It  may  be  ■ 
cryttalliDe  plates. 

<i:4t;l  Bkxioixk  {0„1I,jOJ. — It  ha*  been  alrradj 
that  whcD  the  vapour  of  hydride  of  l»eusoyI  i*  tiHUt 
heated  hydrate  of  potfi»h,  hcuzoste  of  potash  and  hj 
prodtieul :  but  if  tht:  crude  esKncc  be  agitated  with 
of  a  autnratod  alcoliolic  wiluttoii  of  jiotuh,  tbc  oil  l» 
into  a  mnu  of  eryatals,  which  an*  iHitncnc  witJi 
heiuoyl :  the  suinc  chnngc  occur*  if  tlio  pure  bj 
Kill)  au  aloohoVic  au\uUo'a  k^  v^-vtvAn.  <^  yAMHiu 
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stance  tlins  furmed  the  nnmc  of  ben^otae  lias  beou  given.  The 
presence  of  bydrocranic  acid  U  necessary  to  the  production  of  this 
inctamorphosia ;  but  t!ie  mode  in  whicli  it  acts  is  entirely  unknown, 
aincre  it  remaias  in  the  liquid,  unaltered  in  amctpnt,  atler  tbo 
^ban^e  bas  been  effected. 

Ucnsoine    may   he  obtaiueil   in   a  Ktate    of   purity    by   crj's- 

illising  it  from  boiling  Jilwiliol,  in  which  it  ia  readily  soluble. 

Sthcr   alio  dissolves  it  freely.     It  in  nenrly  iuNoluble  iu  cold 

rater,    but    ia    somewliAt   lioUible    in    boiling   wuter.       Bciizoinc 

destitute  of  odour  and  of  taste:  at  24^"  it  fifees,  and  at  a 

ligher  tempuraturc  it  may  he  distilled  unaltered.     If  iti  vnpour 

transmitted  through  red-hot  tubes',  it  is  re-convcrted  into  the 

itiil  oil  of  bitter  alraouds.     Cold   sulphuric  acid  dissolves  it 

rith  the   prodQCtioii   of  a    Tiolet  colour.      Deuzoine    bus    been 

»rded  as   (CjgH„0„Il),  or   a»  the  hydride  of  a  new    rddiclc 

rtilbyl  (Cj.,H,,Oj),  but  the  scries  to  which   it  gives  ri»e  lias  beeu 

itberto  but  incompletely  investigated.     When  benzoiue  h  fuM>(t 

ith   hydrate  of  potash,  it  bccomos  couvcrtcd  ioto  beazoatc  of 

liat   ba«e  with  evolution  of  hydrogen ;   but  if  it  be  boiled  with 

aleoholic  solution  of  potA«h,  n  beautiful  violet-coloured  solutiou 

|aa  formed  which  is  gradually  bleached  by  boiling,  whilst  hydrogen 

|i»  disengaged,  and  bea^ilic  add  remains  in  combination  with  the 


BevyUU  or  Sliibylic  Acid  (HO,CjsH,,OJ  i»  obtained  by 
[decomposing  a  hot  solution  of  the  benzilate  of  jtotash,  by  meanii 
of  hydrochloric  acid:  it  crystallizes  from  the  solution  on  cooling, 
in  brilliant  uccdlcs.  Bcnzilic  acid  is  sparingly  soluble  in  cold 
iTtter,  but  i»  freely  dissolred  by  alcohol  and  by  ether;  at  348°  it 
[indts  to  a  colourless  liquid,  which  becomes  red  at  a  higher 
Itempetaturc ;  when  heated  still  more  «trongly  it  is  decomposed, 
JBDUtting  fumes  of  benzoic  acid,  and  violet  vapours ;  the  latter  may 
[be  condensed  iuto  a  reddish,  acrid,  oily  liquid.  Beniilic  acid 
soluble  in  oil  of  vitriol  with  a  beautiful  cnrnxuti  roluiir, 
ibich  diaappews  on  diluting  the  solution.  The  beiizilatoa  are 
tiDOnoIiiuic ;  tboee  of  silver  aud  lead  are  white  and  nearly 
[insoluble. 

(1350)  Bnsile  {C^Hj^Oj.— When  a  current  of  chlorine  is 
nuittcd  through  melted  benzoinc,  so  long  as  hydrochloric 
acid  i»  evolved,  hydrogcu  is  removed  and  bcuxilc  is  formed.  It 
may  also  be  obtained  more  readily  by  heating  lienzoine  gentlf 
with  twice  its  ve^ht  of  coaccntraicA  uilric  acid  *,  \)cnii.\c  nscA  \c» 
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tlie  surface  in  the  form  of  a  liquid  oil  wliich  sotuKfics  ott 
ic  may  be  purified  hy  crystjdluatioii  from  «!tIu.T  or  fiwn 
uid  U  flc|>OMtcd  til  licautifiil  regular  six-sidLil  prunu,  mhk 
ft  jrcllowish  C(j|our.  UeDxilc  i»  UMtclcw,  and  uiaolubl«  t 
It  mny  be  fiiseil,  nnd  it  solJdifii's  again  Iwtwecii  1^4,"  ■ 
into  a  fdirouff  most.  At  a  bigUer  leinpcrutiin;  it  mar  ht 
unaltered.  Bcnsile  is  poljmfric  with  benzoyl.*  li 
two  equivHlciiU  Ichs  of  water  limn  uormiU  tienxilie  aent 
dissolved  ill  ft  hot  Bolutiou  of  potaah  it  rorina  a  riokt- 
liquid,  wliich  bv  iioiliiig  bccomca  cutourlew ;  the  liuiicile 
one  c«]mvnlent  of  water  and  liecotning  coavert«d  into  Iw 
potarfi  J  CaH^O,  +  K0,HO  =  KO,Cg,H„Oj. 

BcDiilc  is  Holublo  in  about  iS  part*  of  acelir  uU, 
tliis  wtlution  lie  digested  vith  iron  it  is  reconverted  mto  \ 
the  hydrogen  libcnUed  by  Uic  iron  at  Uic  uooicut  of  iu 
rcoomlaDing  with  tlic  henzilc  (Kinia). 

Zinin  atates  that  if  bcnsile  be  treated  with  ftn  ti\ 
iiinount  of  peatactiloride  of  pliosphunis,  cAlamtrasUt, 
rrystallinc  compound,  is  obtained,  iu  which   1  utomr  of 
have  displaced  2  of  nxvgcn,  according  to  the  oqaatiou 

(Ch3.+pci,  -c„H,»ci,o,+pa.o». 

If  alcoholic  solutions  of  clilorolKimilc  ftud  bvd 
)>c  Iicatcd  together,  equirolent  tjuantitiea  of  hvdridc  of 
bcnzoatc  of  potash  arc  formed,  the  rcsolting  cliuigt*  % 
following ; — 


c„tr„ci,o,+3  (KO.no) = eo.c„«A+c,.h^,+i  kct+ 

When  twntilc  is  treated  with  aniinonia  it  girea  rise  M 
of  conipouiii]!!  which  contain  nitrogen,  vii. : — 

BtuilSiailiB. 
BnaUaB. 

CAlcride  (jf  StilbvK  or  flT  SemUe  (Cj^H„0,.Cl)  :'| 


*  TfbMiKMi«  of  rapper  bt>  can  ^ 
OTiT witli  t!*p  oilour of x'^ranium.    I ' 
«bich  fti»  at  I^^    It  iMj  be  tnr-: 
Ib0  bcnioic  Mnv*.    When  hv^tr-i  •<' 
Tftried   into    b<!UiMnt«   of    v^Ajw»\x 


.,.i>-  j[.i^ii_i    _.,  .^.1.  .i^.:i\ 
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>ut  518^. — When  percliloridc  of  phospiiorus  is  heated  with 
etisilio  &ci(},  a  TJulttnt  rcacttou  occurs,  chloride  of  bcunlc,  oxy- 
iloridc  of  phospborua,  and  lijrdrochlorio  aoul  lieing  fc)rm«d  :— 

Br&ulii  •nJ.  ChlurfJn  of  mtilkjL  Oij^rUnr.  ptioipb. 

B/   collecting   tlioiw   portions  which   dUtil   at  a   temperature 

JVC    482°,  cbloridu  of  beuzile  is  obtained  iu  the  furra  of  a 

alouricMs  oil  nhicli  in  deii»cr  tluin  wnter.     It  has  a  powerful  and 

^uliar  ixlour ;  on  cxpoaurc  to  nir  it  absoriM  moisturo,  ntiil  is  con- 

srted  into  beaailic  aiid  hydrochloric  acida;  Cy,H„0.,  Cl+  Hj03= 

IO.C„U„0.  +  1ICI. 

( 1 2  J I }  Beiizoinc  coinhincs  with  amniotiia,  &nd  furms  two  crya- 
alliuihlv  products,  which  arc  obtained  hy  digesting  hcuEoine  for 
sTcrst  weeks  ia  an  aqueous  aolutiou  of  ammoiiiii,  \h. : — 


1. 


a. 


UtttiviaiLni, 


Ben2oinamide  is  polymeric  with  hydrobcuzamide  ;  wheu  hcateil, 
it  melts,  and  may  be  distilled  uuchaoged.  It  ia  very  oparingly 
.  toluhle  both  in  alcohol  mid  in  ether,  oven  at  a  boiling  tninpcrutiiru. 
Beudes  the  compounds  already  dacribed,  thife  are  numerous 
lothen  derived  from  Che  essence  of  bitter  almonds  which  coiitaio 
[«uiphur ;  but  fur  u  duscriptiou  of  thLTm  the  reader  in  reformed  to 
jOerhardt's  Traiti  de  CMmie  Ori/arnqve,  torn,  iii.,  and  to  various 
tmemoira  there  cited ;  particularly  to  oiie  by  Laurent  {Ann.  de 
Oumie,  111.  i.  391). 

(1251)  HippuKio  Acm  {HO,C,.H,NOj=9  +  i7o).— Thia  acid 

'  is  a  contttiluent  of  the  urine  of  the  Lerbivora,  and  is  most  readily 

obUuDcd  from  the  uriuc  of  the  cow,  which,  according  to   Boussin- 

gault,  ooatains  about  i'5  per  cent,  of  it.     The  urine  of  the  bor&e 

Lalao  yields  bippuric  acid  if  the  animal  be  kept  at  rent,  but  if  he  be 

(kept    actively  at  work  the  greater   part  of  the  bippnric  acid  dis- 

I  appears,  and  bciixoic  acid  is  found  in  its  stead.      Hippurie  acid,  in 

'  miaule  quantity,  is  also  a  tiormal  constituent  of  humaa  urine,  but 

jits  ainouat  may  be  voluntarily  increased  by  taking  bcnaoic  acid  in 

[any  form   into  tlie  nytttem,  Aiiice  benzoie  acid  duriug  ita  paaaage 

Itbrougb  the  hunaau  body  becoroes  converted  into  the  liippuric,  and 

'»  excreted  in  this  (orm  by  the  kidneys.     If  tbc  urine  t>c  allowed 

to   become  putrid,  tho   hippurie   and  is  decoinpotied,  and  bcuKoic 

■ciH  ia  formed  in  its  place.     The  facility  with  which  these  changes 

occur  ia  explained  bjr  thefact  that  hippurie  acid  iatruV^  at:QViv^XAA 
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benzoic  compouad.     \\'keu  hipfiuric  aciil  is  boile<l  for  aome  Iiomn*' 
nttlt  conceotrattd  liydrodiloric  acid,  it  mMtmilntc*  th«  dcswiits  Ul'* 
water  and  is  reeolvcd  into  bcuzoic  acid  aod  glyooeiuc,  iu  the  i)U\ 
lowing  manner: — 

DesMi^e»  \ii»  aIm)  sliown  tlmt  1i!p])um-  acid  may  t>e  ri-|ir 
from  chloride  of  beuKn^l  anil  tlte  coiufKiuiid  of  oxide  of  zii 
gljcocJne : — 

ehlorillf  of  OlUa  of  viiw  4od  |riDnflu40  m^^ 

c„  h,o,ci+Zlo.c'  .u.M  o^  =  Zna+uo.o„n,Na». 

preparation. —  Hippuric  acid  may  be  obtained  by  addiog 
of  lime  to  the  frcab  urine  of  cows,  boiling  for  &  few  miDn 
slrniQitig  from  tlie   preoipitaiei)    ])Iiu»iitiatca,  then  addlug   h 
chloric  acid  to  exact  neutral iutiou,  ami  boiling  tlie  liquid 
to  one-eigbtb  of  its  original  bulk  ;  on  atlding  hydrochloric 
con  Aid  I- ruble  excesa  to  tbia  coiiceiitriLted   li<)uid,  brown  cry* 
hippuric  acid  arc  deposited ;  tbey  may  be  diasolved  in  hot 
Bnd  decolorised  by  tniDstnitting  a  current  of  chlorine :  the  aol 
on  cooling  do[)u«lt»  lung,  cuIoiirlciH,  transparent  nt-cdlcs  of  hi 
acid.     These  crj'stals  often  become  milk-white  when  kept. 

Pro/jrr/uA.'-Uippuric  acid  crystallises  in  forms  derived  froia 
the  rhombic  pHsm.      It   n-ciuircs   about   ^oo  times  tta  wcigbt  of 
cold  water  for  solution,  and  is  still  le«a  soluble  if  this  liquid  be 
strongly  acidulated  with  hydrochloric  acid;  boiling  water  diatolni 
it  readily,  eo  docs  hot  idcobol,  but  it  i»  nearly  insoluble  in  etW. 
Hippuric  acid  lias  a  bitterish  tante ;  its  solutions   redden  tilmus 
powerfully.      Tbe  ncid  melts  at  a  gentle  heat,  and  appeals  w 
enter  into  ebullition  st  about  464°,  but  it  is  in  reality  bcooniiii| 
decomposed;    the    distillate   contains    a   crystalline   sublimate   of 
benzoic  acid,  and  a  reddish  oil  (benzooitrile)  which  bas  ibo  agrefr' 
bIiIc  odour  of  the  Tonka  beau :  liydmcyanic  acid  is  also  formed 
at  the  same  time,  and  a  cousiderable  residue  of  carbou  is  left, 
the  retort. 

Hippuratea. — Hippuric  acid  is  monobasic  Its  compoi 
with  the  alkalies  and  witli  magnesia  are  very  soloblc,  and 
crystallized  with  difficulty.  Acid  hippuratcs  of  potash  and  of 
ammonia  may  be  obtaJnt^l.  Ifippttraie  of  litne  (CaO,C,gH,NO,4- 
3  Aq)  crystallizes  iu  beautifitl  rhonibtc  prisuw.  The  hippwatc  of 
iead  is  deposited  from  concentrated  solutions  in  the  form  of  • 
dense  cimly  precipitate,  hut  it  may  be  obtained  from  very  dilute 
hoiliag  solutions  iu  tu{\&  ot  i^AV^j  \\V£>1\«&  >«ltli  a  Aq^  which  grs* 
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)mc   changed  into   braad   briUiatil   qtindrangular  plates 

ttttioas  uf  tbe  liippuntcs  give  white  iiuotulile  precipitates 
Mills  uf  nlver  auJ  of  mercury  :  witb  tlic  ^r>aJtit  of  iron 
u.  diaractcristic  browu  [irmpitate.      The  hippuratea 
llie  solid  fonn  an:  readily  diftUnguished  by  distilling  tbcm 
it*j  of  potaal),  wlien  they  funiixli  amnioiiiii  and  bviizul. 
acid  is  soluble  in  ixiijcc'utratt>d  nitric  acid,  and  if  this 
be  mixed  with  a  equal  btilk  of  sulpbuhc  acid,  carofutly 
I  any  deration  of  temperature,  it  produces  a  nilrO'/iljt/ntric 
iC,,H-,N(J^NO,),  wliicL,  wlicn  tbe  solution  is  diluted  wiili 
its  bulk  of  water,  is  gratlnally  dcpoaibed  in  crystalii. 
tdon  of  this  acid  be  boiled  with  sididiiiric  or  bydruchlorio 
conviTtwl  into  nitrobcnwic  acid  and  glycocine. 

liippuric  acid  with  a  atroug  solution  of  potash,  it 

iuto  a  beiixnute  of  tbe  haac,  and  into  glycocine.      It  is 

Irrd  into  benzoic  acid  and  glycociiie   wbeu  boiled  with 

itcd  hydrochloric  acid ;  and  a  airailu*  change  occurs  if 

itiric,  nitric,  or  oxalic  acid  he  employed  instead  of  tbe 

crablc  difference  of  opinion  has  prevailed  respecting  the 

hippuric  acid,  but  the  rcncliun  of  chloride  of  bcntoyl 

cotiipound  of  oxide  of  zinc  with  glycocinc  sccni»  to  fnvour 

that  this  acid  is  btrtzoyf-gt^cocine,  or  glyoocine  in  which 

of   hydrogen  has   been   displaced   by  its  equivalent  of 

tbe  nearly  neutral  chamcter  of  glycociuc  being  changed 

aiu  acid  by  tbe  addition  of  the  electro-negative  radicle 


OIiMA*. 


Ilippnno  uM,  ca  b»o»Dj-l-Blytt«rioe. 


Il^riew  is  strcngtiieued  by  tbe  fact  that  when  bipporic  add 

with  peroxide  of  lead,  carbonic  acid  is  evolved,  nnd  ben- 

t  fbrmcd ;  the  oxygen  in  tlic  peroxide  of  lead  produdng 

in  the  manner  illustrated  by  the  following  equation  : — 

^.D,OjN0;)+3  O,  ==  3  BA+4  OA+'iS^C^.Oj. 

ha«  al«o  recently  succeeded  in    procuring  bippune 
itetically  by  exposing  a  mixture  of  equivalent  qnnutitiea 
and  bcDEoic  acid  in  a  sealed  glass  tube  for  somo  hours 
tun  of  320''  or  upwards. 
on  Bo*!*  tliat  by  treating  the  compound  of  glycocinc 
a  of  xiuc  with  chloride  of  cumyl  and  with  chloride  of 
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aiiUy],  be  obtains  crjatalline  aoids  oorrcsponding  to  bippone  ni 
compoBition — ctmtinuric  acirl,  consisting  of  (IIO,Cj,H,,S"0t)  »ad 
anuurie  acid  of  (HO.tVIIj^NO,). 

{1253)  Bfn^TOglyeoiu:  Acid  {}lO,C^^V{.0^).—StrccVeT  wm  dia- 
posed  to  rrgard  liippuric  aci<)  as  itn  auiidated  acid  ;  and  in  otdo' 
to  t«tt  thin  theory  he  »ibjiMrt4>(]  it  to  ttic  Rctton  of  nittoun  acid, 
Trbich  would  liberate  the  dibasic  aeid  oT  v\iic\i  it  vas  supposed  ta 
be  tlie  amidic  compound  if  thia  viefr  were  true.  Inatend  of  tbis  be 
olttuincd  a  new  monobasic  ncid,  wbich  be  termed  the  btm^vgttfco^ 
since  it  is  evidently  a  (M)in|Hiimd  of  tlie  Ix^iiKoic  &nd  glycolic  addt. 
BeiiKogljrcxilic  acid  may  be  obtained  by  expo«iug  a  aolutionof  hip> 
puric  acid  iu  nitric  ncid  to  tbc  action  of  a  cunrcnt  of  biooxidc  rf 
nttrogCD,  in  which  case  nitrognn  f^  ia  evolved,  and  benzoglroaw 
add  IB  formed.  TUie  compound  is  produced  by  Ibe  reaction  of 
nilroua  acid  u[x>n  liipparic  acid,  nnd  the  action  of  the  binoxkle 
nitrogen  on  the  nitric  acid  merely  preKcntu  nitrous  acid  in  tl 
nascent  conditiou  to  the  hippuric  acid;  3  NOj  +  NOj=3  NO,, 
Tlie  rractioQ  of  nitraos  acid  upon  hippuric  acid  may  bo  tl 
represented : — 

Uippnric  *dd.  IkuiciHlfnillo  add. 

a  (SaC«HiNO,)+ (IJO,),  =  iuio,c„'H^)  +  ir,0,+3  If, 

Bcnzoj^lyoolic  acid  crystallizes  iu  rbomboidal  prisms,  or  ^ 
thin  plates.  It  v  sparingly  »olnble  in  cold  water,  hut  is  freclj 
diajtolvcd  by  alcvhol  unrl  by  etb<--r.  Roiling  n-ater  also  dtMolrea, 
hut  f^ndualty  decomposes  it ;  if  the  acid  l>I^  heated  with  a  qiiantitj 
of  water  iasufRcicnt  for  its  solution,  it  mclU  to  an  oily-lookiag 
liquid  ;  vrhen  heated  with  dilute  acids,  it  i*  resolved  into  beosM! 
and  glycolic  acidn  : — 

fi««i(l]o«Uii  aAd.  BtDMic  uU.  OtTtaMf  mM. 

Streoker  and  Socolofl*  alu)  obtained  a  compound  of 
with  lactic  afid   termed  bftzo-larlic  acid  {I10,Cg,H,0-},  by  beat 
iug  the  two  aeidft  together  to  about  360°.     It  ia  analogous  in 
perties  to  ita  Iiomologue  benzoglyculic  acid. 


1 


2.  Essence  of  Cumin. — Cuinhuc  Series. 
(12^4)  Hydride  of  Carnal;   E»»ence  qf   Cumm 


(c„H„o: 


=  148) :  Sp.  gr,  of  vapour  5*24  ;  Boiling  pt,  438*, — The  cascat 

oil  obtained  by  distilling  the  scvd*  of  tlie  C^cmtniiM  rjfmintun  Mitk 

uatCT  CDOststs  of  a  mixture  of  hydride  of  cumyl  sad  of  a  hydro* 

carbon  (C„ll,J  tcinictV  cymdl.    'tVve  VwiTOoiicboa  is  homologov 
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with  benzol  (the  hydrocarbon  obtained  hy  tlie  dintillation  of  dry 
bcnzoatc  of  lioic),  and  the  oxt<li2V(l  portion  i»  botnolo^^iis  Tith 
bydridt!  of  benzoyl.  Uj-dridc  of  cumyl  is  iaomeric  with  esaencc  of 
aniseed  and  of  fennel. 

The  two  compuneuts  of  the  oil  of  cumin  mnj  he  readily 
•eparatfd  br  agitating  tbis  oil  with  a  niwleratelj-  concentnited 
solution  of  biMilphite  of  »odn  :  a  crystalline  componud  iti  thu« 
formed  which  yields  the  puri:  hydride  of  cnmyl  when  heated  with 
a  •oluttou  of  potash  and  suhmitlcd  to  distillation. 

Hydride  of  cnmyl  mny  be  distilled  unaltered  in  vessels  from 
which  air  i^  oxehtded,  but  if  expoHed  to  the  air  it  quickly 
absorbB  oxygen  and  becomes  l}rown,  jirodneiiig  ciiiniiiic  acid  atid  n 
resinoaa  compoand.  Oxidizing  agents,  such  ns  nitric  and  chloric 
acid^  iim  convert  the  hydride  of  ciimyl  into  ciiminic  ncid  :  if  it 
he  treated  witli  hydrate  of  potash,  cnminatc  of  jwlHfh  i»  produced, 
vhilat  hydr<^en  ia  liberated. 

(1255)  Caminic  acid  (nO.C3nH,,Oj=9+ 15,5)  may  !«  pre- 
pared by  decomixMsing  cuminate  of  potash  with  hydrochloric  acid. 
Jt  crystallizes  in  colourless  plate«  -vrbich  emit  au  odour  resembling 
that  of  the  cotnnion  bng  {cimex  lectularim).  Cuminic  acid  is 
fuaiblc,   and   may  be  distilled    unaltered  at  about  joo^     It  ia 

ingly  soluble  in  water,  but  freely  so  in  alcohol   and   io   ctbcr. 

oraing  nitric  acid  converts  it  intoiiitrO'Cuminicncid.     If  distilled 

with  an  excess  of  can^tic  hnryta  it  yields  a  hydn>carhuii  (C,„H,,) 

termed  rmnol,  which  in  homolo^tis  with  benzol.    Cuminic  anhydride 

ly  be  obtained  by  decomposing  dry  caminatc  of  soda  with  oiy- 

cbloridc  of  phosphorus. 

The  cumiiinte*  are  monobasic ;  aimiTiatf  of  baryta  (HaO, 
C„H„Oj)  fortns  bcautifal  iridescent  plates:  eumtnatt  of  aitver  ii 
while,  insoluble,  and  anhydrous ;  it  speedily  blackens  by  expo* 
■ore  to  light. 

{1256)  CiitMiaie  alcohol  (CjgH^O.HO;  Boiling  pt.  about  470* 
Kraut)  rnay  be  obtained  by  treiitirigr  the  essence  with  an  alcoholic 
•olution  of  potash  in  the  manner  directed  for  preparing  bcnzoio 
alcohol  {1148).  It  is  a  colotirles<i  oily  liquid  of  an  aromntic 
odour  and  burning  taste  :  it  may  be  distilled  unchanged.  It  doei 
not  absorb  oaygcn  when  exposed  to  the  air.  When  heated  with 
hydrate  of  {)Otu>ih  it  yivhU  cymol  and  cnminlc  acid.  It  docs  not 
fonn  a  cotlii^ated  aeid  with  sulphuric  acid.  Cuminic  alcohol  ii 
isomeric  with  the  oxidized  component  of  oil  of  thyme. 

(1457)  CwHtjUdi^  of  Cuinijl,  or  Cumyl  (CguH^OJj.  —  When 
bydridc  of  cumyl  ia  treated  vith  potassium,  hydrogen  is  cv<jUcd, 
hiul  cumylide  ofpolastima  {C^H^^^K)  is  fonncA,  cou»V\\tt^\ttft  ». 
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gdatiiious  luuA,  I  molecule  of  wliich  rapiillv  absorbs  4  ntomi  or 
oiygeii  from  iUe  air,  aud  is  converted  into  cutninate  of  potaslL_ 
Water  dccompoecs  it  into  kjdratc  of  potash  and  Iiydritlc  of  cuni] 
'VVhcn  tlie  cumj-lule  of  [totassiiim  is  heated  witli  clilonde  of  cum] 
mutual  decomposition  occurs.,  aud  cuDiylideof  cumyl  is  formed:- 

Cumyl  may  be  obtained  from  the  result  of  this  reaction  bj 
tKstiiig  the  roaaa  firat  wiib  a  weak  solntion  of  potaab,  in  order  to 
convert  any  lutdecom posed  essence  of  cumin  into  cuminste  of 
potash  ;  and  tb<;n  ogitotiug  it  with  ether ;  the  supcrimtaal  ctbenal 
layer  vibicU  contains  the  cumyl  in  solution  is  dried  over  cbloridf 
of  calcium,  and  heated  gently  to  eitpel  the  ether,  vhcn  pure  Aimil 
is  left.  Cumyl  presents  the  appearance  of  a  Yiscous  oil  which  is 
heavier  than  water;  vlicn  gently  heated  it  emits  an  agreeable 
odour  like  that  of  the  geranium.  It  in  freely  soluble  in  boiliaf 
alcohol,  and  cannot  be  distilled  without  undergoing  docompcaitiou; 
hydrate  of  potauh  converts  it  into  cumiiiato  of  potash,  vhiUt 
portion  of  oil  of  cumiu  is  simultaucously  produced  : — 

c„h„o^c;;h;;o;+ko.ho = c^XoTh + co;^Xor 

(1 3^8)   Chloride  of  Cumyl  or  Cuminlc  oxyckloride  (C, 
=  i8i-5):    Sp.  ffr.   1*070;    Boiling  pt.   ahoat  4.9^°. — This 
colourless  mobile  liquid  which  is  obtained   by  diatilling  cut 
acid  with  perchloride  of  pliospborns. 

>Iany  other  compounds  of  the  cuminic  series  may  be  fo 
analogous  to  those  of  the  benzoic  series  which  hate  been  already^ 
dcacrilicd. 

The  homologous  oils,  CjgH.Og,H,and  Cj^H^O,,!!,  intenuedfl 
between  hydride  of  benzoyl  and  hydride  of  cnmyl,  have  not  as ; 
been  discovered,  but  the  acid  corresponding  to  the  tint  of  thcs^ 
the  laluic  (ortoluylic],ia  known.  It  may  be  procured  by  oxidizing 
cymo]  by  loug-coiitiuucd  boiling  with  nitric  acid  which  ha«  beeu 
diluted  with  about  eis  times  its  bulk  of  itater;  aud  it  is  probable 
that  by  Firia's  proceas  of  treating  the  Uiae<salt  of  thia  acid  with 
formiate  of  lime  [note,  p.  542],  the  aldehyd  (or  the  mlesiDg  hydride)^, 
C,(HjOj,.H,  would  be  obtained. 


i 
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3.  Essence  of  Cinnamon. — Cianamie  Series, 

(J3^9)  Oil  of  Chtnamat:    Hydride  of  Cimtamyl   (C^TI-OplT 

^s^2). — Esseuce  of  di\nuiaQn&\A«»ii:n(XQScNWB.  ooosist  chiefly 


BYDKIDB    or    CINNAUVL. 
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of  hydride  of  ciunaniTl,  with  a  small  proportion  of  &  hydrocarbon 
i.Mjnicric  vith  oil  of  turjicntiuc.  The  commercial  csseuce  LiaM  a  sp.  gr. 
vftryiug  between  t'02j  and  1-05.  It  boih  at  from  430**  to  44.5°. 
Ilvdrido  of  ciuQanavl  ia  readily  obtained  lu  a  state  of  parity  br 
Rotating  ttie  crude  e&»euce  witli  a  solution  of  bisiilpliite  iif  potash. 
The  crystalline  product  thus  obtained  must  be  pressed,  waslied 
with  coldalculiol,  and  dnod  ;  afler  which  it  it  inuit  be  dissolved  at  a 
geiille  heat  iu  dilute  sulphuric  utrid:  the  hydride  of  cintitLmyl  then 
collects  upon  the  eiirfacc  of  the  Uqiiid  in  the  form  of  a  colourless 
fragrant  oil.     Thi.i  oil   in   flightly  heavier  than  water;  it  ahaorba 

iosygcB  rapidly  from  the  air  aud  bci^ouics  yulluw,  owing  to 
the  formation  of  a  solid  rctfin,  mixed  with  cinnamic  acid.  Kitric 
acid  comhiiiCH  with  the  Iiydride,  anil  converts  it  into  a  solid  mass 
of  crjBtalfi.  This  compuuud  is  immediately  decomposed  by  water 
into  nitric  acid  and  free  hydride  of  cinnaniyl,  Dumas  made  use 
of  thift  fact  ill  separating  the  hydride  from  its  associated  hydro* 
I carbon. 

H  If  hydride  of  dnnamyl  be  boiled  with  nitric  acid,  nbuudanceof 
^^  hydride  of  lienzoyl  is  evolved,  and  benzoic  acid  is  found  iu  the  solu* 
II  lion.  If  the  essence  be  boiled  with  chloride  of  lime,  benzoate  of 
^ftlime  is  produced.  Chioasa  haa  abo  made  the  interestiug  obscr- 
^^TrntioQ  that  hydride  of  henzuyl  mity  be  couverted  iuto  oil  of 
^^cintuuiion  by  di.'i'>olviiig  the  pure  hydride  of  benaoyl  in  aldelivd, 
H^tnd  saturating  the  mixture  with  liydrocbloric  acid  gas :  on  the 
Happlication  of  a  gentle  beat  the  liqiiid  becomes  brown ;  and  on 
^■afterwards  proceeding  lu  (li.ttiltation,  oil  of  bitter  almonds  iiret 
Hpasmes  over,  and  then  oil  of  cinnaniou.  Oil  of  cinnamon  may,  in 
H&ct,  be  regartled  as  hydride  of  bcnstoyl  in  which  sn  atom  of 
^■liydrogeii  has  ^x;eti  displaced  by  an  eijuivnlent  of  the  hydro* 
Hctrban  (C^H,),  in  which  ca»e  the  reactiou  iu  the  fureguin;;  ex> 
^■pcrimcnt  mi^bt  be  thus  represented  ;  water  being  eliminated  under 
^Btbe  influence  of  the  hydruchluric  aeitl,  which  is  not  indiealed  in 
H  Uie  equation  j — 

^1  With  ammonia  the  oil  of  cinnamon  forms  a  crystalline 
H  solid  termed  cinnhyUr amide,  which  ia  analogous  to  bydrobeu* 
■  satuidc: — 

^K  HjdfiiU  of  ajiuKDf  1.  Dnnh}<lruilil«. 

^ft  Sovera]  chloriuatetl  substitution- compounds  may  be  obtained 
^■troiD  on  of  ciuuamuu:  one  of  these,  c/iiorociunoie  ^\^\^^^^t 
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crjstalliKfii  iu  white   nccdiet,    nbicti   arc   fusible,   aod   vaj 
volatilized  without  dccutopositioD. 

(lafio)  Cianamir  Acid{HO.CJi.0^=:g+  139).— Wben  hvAtii 
of  ciiiiuDiyl  is  bc-ated  with  bydrnte  or  potash,  faydrogeu  is  evolve 
and  cinnaoiatc  of  potash  is  formed  ;— 

djH^,  +  KO,  HO  =  KO^„ir;0,  +  Hf 

This  Bcid    is  contniiictt    in    ctiany  baltnmij  such  as  tliOM 
storn:!,  of  tolu,  and  of  Peru;    and  it  is  «ometitiieB  deposited 
old  «|)(rciiiieu8  of  esHciice  of  cinnainoD.     It  may  be  extracted 
storas   and    from  WUam  of  tolu  ul^vr  dtstilliug  off   tbc  jwrtioM 
-wrbiblt  con  be  volatilised  b;  distillation  with  water,  b^  trealitg 
II10  ro^idue  with  a  weak  HoUitioii  of  CArtnnate  of  soda ;  the  aai 
may  be  precipitated  from  the  impure  ciiinamatc  of  Kida  by 
iiddilion  of  hydrochloric  acid. 

Pure  cinnaniic  arid  is  vohible  in  boiling  water,  from   wbi 
it  cry>taUiiH»  in  brilliuut  plates.     Alcohol  dioaolvcs  it  witb  facilit 
It  fii»e»  at  2^4°,  and  at  560°  it  outers  into  ebullition,  aud  may  be 
distilled  unaltered. 

Nitric  acid  rouvcrti  it  into  nOro-eiimatttic  acid  (HO.CuE 
NO^,Oj)  if  care  be  taken  to  avoid   heating  tlie  mass  ;  otherwue  I 
ia  decomposed,  and  hydride  of  benzoyl  is  formed,  which  is  ooa^ 
verted,  by  coiitiuuicg  the  action,  itito  benzoic  and   uitro-bcuwic 
acid«.       If  ciuiiamic  acid  be  diatilled  with  hichrunuitc  of  poUsih 
and  sulphurie  acid    it  yieI{U  hydride  of  bcnjoyl.       When  fused 
with  &11  excess  of  hydrate  of  potash  it  is  resolved  into  acelic 
beiiKoic  acid»,  wliiUt  hydrogeu  is  liberated: — 


eifuuntio  toid. 


jlciHaicc^polHk.  UoBnaMalpotwh, 


UO,C,.U;0.+  3fKO,HO)  =  KO.C,H,0,+  KO.(''„H.O,+Hr 

These  reactions  clearly  indicate  a  close  relation  between 
oamic  and  benxoic  acids  :  cinnamic  acid  may,  in  fuct,  be 
as  benzoic  ncid  in  whieh  one  atom  of  bydrogpn  has  1)een  dia- 
pla«d  by  (C.IIJ;  ihm  n0,Ci,U,O,  =  IIO,C„H,(C^Hj}0,;  and 
BertagiiiiLi  baa  recently  succeeded  in  converting  oil  of  bitter 
aImond»  into  cinnaniic  acid  by  heating  the  essence  for  some  hours 
to  260^  or  270"  with  an  cfiuirnlcnt  quantity  of  acetic  oxychluride 
in  a  sealed  tulic.  The  rcactiou  which  occurs  may  be  thus  rt'pn> 
sealed : — 

The    eijinamatcft  uc  mottoWic  salts  i   Uuwc  of  the  all 
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retdily  soluble  and  trc  cry»t«l!is«I>Ie.  A  solutiou  of  these 
salts  give!)  a  yellow  precipitate  with  the  prrsnlbt  of  iron. 

If  ciiinamic  BCid  be  iutimatelv  luUed  with  four  times  it« 
weight  ofcauHtic  baryta  aud  distilled,  it  \(xn'n  carbonic  sicid,  ittid 
bccomca  couvcrted  into  cinnamol,  n  liydrouarban  wliich  bca.rs 
tbe  MMne  relation  to  the  ciituamic  seriea  that  benzol  does  to  the 

raoic: — 
aaauBirasid.  Cinnfcl. 

HO,C„U,0,+  »  BaO  =  C,.H,+ J  B«O.C,0,. 
When  cilinainic  acid  i»  distilled  with  pereliloride  of  phosphorus 
it  fields  a  compound  corresponding  to  ddoritle  of  bt-nzoyl.      It 
mav   be   termed  chioridc  of  cmtuimyl,  or  wanamie   oxychlorlde 

;,H,o,.ci}. 

(i2*i)  Styrone:  Pem'tne;   Cmnamii:  Aleohot  {HO,Ci,H^,0). 
■This  nnbstance  i»  procured    by  the  distillation  of  »tyraciu,  or 
tocinuKmcne  (C|,H,gO^ ;   il''>3)  )^ith  n  ooiicentrntcd  xohition  of 
ih  or  of   Boda;  a   milky  liquid  passim  over,  from  which  on 
.iiratiog  it  witli  common  salt  a  whitish  cream  rises  to  the  sur- 
giind  gnuluiilty  Holidilicfl.      Accorditig  tolWI,  ciiinnmic  alcohol 
may  lie  obtained  in  bcaiktiful  eilky  needles,  which  have  an  ngrce- 
!e  odour  of  Inaciiiihs:  it  fuses  at  !){",  and  may  be  distilled  un< 
Nitric  acid  liberates  hydride  of  bcnsoyl  from  it. 
No  fftliera  corresponding  to  this  suppuMeH  alcohol  hnvc  m  yet 
obtained.     When  eiposed  to  the  action  of  atmospherie  air 
ider  the   iuttucncc  of  platinum  black,  it  yields  oil  of  ciuaamuu, 
aldcliyd  of  this  alcolitil  (Strcckcr), 

(1362]  The  Slorax  from  which  the  preceding  coinpouDd  is 

itained  is  a  gum-rcsin  of  Ifao  conMfitcnce  of  honey,  and  of  a 

wuUh-grey  eulour  ;    it  ha»  a  powerful  oppressive  odour,  and  nn 

atic  taste ;  it  comititii  of  a  mixture  of  otyraeia,  of  ciaoamJo 

of  a  peculiar  resia,  aud  of  atyrol,  which  is  au  esscQtial  oil 

icric  with  eiiuiainol. 

Styrol  (C,jII, ;  Sp.  gr.  of  Hi/aid  0-924)  is  distinguished  from 

cinuaaiol    by  the    remarkable    change  which    it  experiences    on 

the  applicatioD  of  a  tciii|K-i-uttire  of  about  400",  when  it  beeome^ 

converted  into  a  polymeric  solid  termed  jnttaalyrot,  or  dracongl. 

In  order  to  obtaiu  »tyroI,  three  parts  of  storax,  and  one  of  car- 

booatc  of  soda,  should    lie  Kubjecteil    to  dintilUitiuii  with  water  : 

the  alkali  retains  the  cinnamie  acid,  and  the  styrol  prntsot  over. 

|dt  may  be  distilled  at  294°  ;  but  during  this  operation  the  residue 

Kb  the  retort  is  apt  suddenly  to  riw  in  tempenituru,  and   to   Iw 

r  converted  into  mctastyrol.     Styrol  also  comes  over  mixed  with 

I  toluol,  irheD  the  rcsii)  termed  di'a°:ou'8.blood  ^frota  l\\e  Drocana 


SCO 


MtTASTTROL — BAUAU8    OP    PE&IT  jLND    TOLIT. 


draco)  is   submitted    to   distillatioo.     Styrol    is  a   rtxj  mc 
colonrlcss  oil,  ctidoweii  with  au  aroniatic  pcr»stcut  odour, 
thnl   1)oth  of  lieiir.nl  mid  of  naphtlmliii.      When  treated  willi 
cliruiuiite  of  putoali  aiid  dilulu  sul^jliuric  acidj  stvrul  i«  cmxv 
into  beusoic  acid. 

Melastyrol  is  polymrric  witll  Myrol  and  witli  cinnnmn! 
is  u  coluiirlrss  Holid  of  higli  rcfrncling  powtrr.  Mad  is  dt-atitutc 
of  aniell  and  taste.  It  sofictis  on  the  application  of  heat, 
may  be  drawn  out  into  threads).  It  i*  inwoluble  in  water  and 
alcohol,  nnd  is  but  very  apariiigly  soluble  iu  ether.  When  ai 
jeoted  to  a  high  tcmjierature  it  mar  be  dtstillod,  atid  ia  VB'Coa* 
verted  into  »tyroI :  &nd  thih  liquid  may  be  again  reduerd  to  tbi 
Holid  form  of  mctaatyrol  by  heating  it  to  4CX3°  in  a  scaled  tube. 

(1263)  Two  other  balsams,  closdy  resemlding  Btoras,  m 
also  met  with  as  arttcti»  of  commerce,  viz,,  the  baUami  of  Pot 
nnd  of  tolu. 

Baham  of  Peru  is  a  fru^nint  rt-siu  produoed  by  se%'erBl  »pecia 
of  leguminous  plants  of  the  genus  iV^r(Mipen»Min.  It  is  sold  ia  tbr 
form  either  of  n  hiirrt  resin,  or  of  a  black,  semi-solid  body,  wliid 
cuDtaiua  a  peculiar  resin  and  two  other  closely  related  substuKO^ 
viz.  cinnamic  acid,  and  metacinnamene,  or  attprann. 

Siyracin  (C^H,gOJ  is  a  cryfitalUzable  actid,  vhtch  ia  freelf 
nohihlc  in  alcohol  and  iu  ether;  it  is  potymcric  with  hydriiteif 
ciniianiyl :  it  fuies  ut  1 1 1°.  When  tnralud  with  [>ota:<h  it  uiM)e& 
goce  ft  change  nniUogoas  to  sopouitication,  and  furnuhes 
Bcid  and  styronc  : — 


Baltam  of  Tolu  is  stated  to  be  the  produce  of  the  Myrosf 
iolu^erum.  It  is  met  with  in  commerce  in  the  form  cither 
riuty  brown,  scnii- transparent  resin,  or  in  that  of  a  soft,  i 
coloured,  tninspurcut  balsam,  of  the  a>ut<istetice  of  turpcutiuet 
ivith  a  rcmnrlcably  fragrant  and  agreeable  odour.  It  is  oompoted  of 
the  satne  sulistancos  nj*  the  l]aUsm  of  Prru,  hut  the  proportion  of 
styracin  is  unich  smaller.  The  solid  reeiuous  |>orUon,  acconliogto 
TH.  Kopp,  eoasists  of  two  resins  which  have  the  composition  of 
liydruted  nxidoii  of  styracin:  sityracin  being  C„H„0, ;  resin  a 
l>cing2  ilO,LVliA;"aiidresiii4-4HO,C„H,„6,.  When  balauo 
of  tolu  is  di.-(tillcd,  it  yields  benzoic  other,  aucl  a  hydrocarbon  (Cj^IIJ 
termed  tohoL 


4.  Oii  cf  fipirtea — Saiicylie  Series. 
(1364)  ifst/n<Ic«/SaUnjli  SaUojtoM  aci</(ll,C„HiOt=iai): 
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UVJDBIDE    or  ULICI'L. 
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Sp,  fff.  of  Hquid  IU73  ;  of  vapour  4'J76;  BoUing  pt.  360". — 
"^'hen  tlic  HowcTs  of  the  ni<»(low-Kwcct  {Spiraa  alumria)  are 
dUtilled  with  water  they  yield  &a  essoutiiit  oil  which  conjiisU 
chiefly  of  a  {ragraut  oompoimd  termed  hydride  0/  aalict/l,  but 
irbicli  also  contains  a  Biaoll  <]uaDtit/ of  n  liydrocsrboa  isomeiio 
ith  oil  of  ttirpeotiiie,  and  a  ccyetalline  siib^tani^n  analogous  to 
imphor.  K  the  csMnoe  be  agitated  with  a  sohition  uf  putoali, 
le  iiydridc  of  aal!cyl  is  dissolved,  &nd  caa  afterwards  be  ec-parated 
the  addition  of  «n  acid.  Tt  is,  liowcrer,  generally  obtiiin«i 
the  dcoompoaitioa  of  salicia  (1271)  by  meuiis  of  bichromate 
potash :  3  parts  of  salicia  and  2  of  bicbromatc  of  potash 
to  be  mixed  with  i5  pnrts  of  water  in  a  retort,  and  3 
of  oil  of  vitriol  dilutt-d  with  8  of  water  are  to  he  added  ;  a 
Sgbt  reaction  comiaeace»,  attended  with  extrication  of  beat,  aod 
sparing  diitcugngcTneiit  of  gas:  a»  soon  i>s  thin  has  ceased  a 
le  heat  tnar  be  ajiplied,  atid  oil  of  spirxa  passes  over  and 
in  the  receiver  tu  the  form  of  a  heavy  oil,  Carbouio  and 
aroitc  &cid»  arc  pn^Iucod  at  the  Hamc  time,  whilst  sulphate  of 
liromiiim  remains  in  the  retort.  25  parts  of  salicin.  yield  aboat 
>  of  the  esacQce.* 

Hydride  of  aalicyl  is  a  eolourleaa  oil,  which  by  esposnre  to 
be  air  speedily  aaaomcs  a  more  or  less  intense  red  tiut.  It 
solid  at  —4^.  Hydride  of  salicyl  is  probably  the 
Icfayd  of  salicylic  acid,  hut  it  posseaaes  the  properties  of  an 
it  decomposes  the  carbonates  vith  effcrreecence,  and  yields 
Disable  salts.  Tt  forms  with  potash  and  soda  both  neutrnl 
acid  iinltK,  which  are  permanent  wlien  dry,  but  when  moist 
undergo  apoutaucous  decomposition,  and  become  black.  The 
potath  saU  (K,C„B^04+2  Aq)  is  soluble  in  alcohol. 
be  acid  »all  {K.Ci^H^Oi+II.Ci.TIjO,)  is  sparingly  soUiWc  in 
rater,  but  erystatlJKcs  from  boiling  alcohol  in  groups  of  delicate 
needles.  A  solution  of  salicylide  of  pota$»um  gives  yellow  in> 
eoliible  prccipitateH  with  the  salts  of  baryta,  manganese,  lead, 
mItct,  nud  with  the  salts  of  both  the  oxides  of  mcrcuTy;  sah- 
cylide  of  copper  is  of  a  green  colour  ;  but  the  most  characteristic 
reaction  of  hydride  of  salicyl  la  the  production  of  an  intense  violet 
colour  witli  the  jiersolta  of  iiosx,  which  gradually  disappears  on  ex- 
pnnre  to  the  air. 

Ammonia  transforms  hydride  of  salicyl    into  salhjdrmnide, 

*  BoffanpT  lUtft  lliAt  tlie  UDi>xpan<l«d  flowrr-bndii  of  the  incndow-swert 
ranuJB  wiltno,  and  thi*  lubRtaiicc,  duriu);  Huu^riLih'.  by  es[>08ur«  U)  Uic  «.», 

Kirbs  osyg«ii,  aod  iiiaa  tartaabet  hydride  oi  eiXvi'j'i, 
8  O  Q 


CaLOaOSALlCTLOUS  AcrD. 


(i2(5j)  Uffdnde  oj   Cklaro-soiictfl,  or    CAhrotalkj/tauM 
(H,CijM,C10J. — ^TLiii  subatanco  was  formerly  teriaed   diloriili 
salicy),*  but  its  reactions  sliow  tlint  it  is  more  correctly  n^ 
an  salicyloHs  acid  iu  wliicli  an  atom  of  byilrogcn  has  been 
p]ace<l  by  chlorine.      It  U  procured  by  traiiamittmg  a  current 
dry  chlorine  ftas  through  oil  of  spirtea,  gently  heated:  copious  e» 
tioii  of  hydrochloric  acid  cnaucs,  aui]  o-i  soou  aa  this  ceases  U>\ 
e%'olvcd  the  tnui»fornution  ia  copaplete;  od  allovrmg^  the 
fiool,  the  compound  crystnllixcs.     It  may  he  dissolved  in  boil 
alcohol,  which  deposits    it  ou  cooling  in  colourlcs*,  recta 
glUtcuiiig  plate*.     It  melts  at  a  gentle  beat,  aud  may  be  auk 
without    decompositiou.       This  suhstaaco  is  iuboluble    in 
QUt  soluble  in  ether  and  in  oil  of  Titriol.     The  alknlies  diiisoh 
id  form  crysCallizahlc  salts.     The  cbtoro-snlicj-lidc  of 
(Ba,C,,H,C10,  +  Aq)  forms  a  yellow,  crystalline,  sparingly  soli 
powder.      Dry  ammonia  ia  rapidly  absorbed  by  chlorosalieyli 
Bcid,  forming  a  yellow  reeinous-lookiug  compound  tcrmocl 
samide.     Tt  la  soluble  in  hot  etber  and  crystalliios  on  cootiog, 

CorrcspoDding  compounds  may  be  obtained,  which  contaio] 
tipcctivcly  at)  atom  of  bromine  and  one  of  peroxide  of  nit 
the  place  of  the   wpiivalent  of  chlorine.     TImwc  Ixxlica  like 
oomliine  with  the  alkalies  sud  furiu  crvHlallizahlc  salu. 

[1266]  It  will  be  obsen-«d  that  hydride  of  salicyl  is  dm 
with  briixoic  nciil.      It  in,  however,  supposed  to  be  forniod  by 
union  of  hydrog«u  with  a  pecnliar  radicle,  termed  talicyt  (C,^H|OJ 
which  contains  3  atoms  more  of  oxygen  than  benzoyl.     AtthoG 
salicyl   has   not  liccn    isolntvd,   yet  a  compoand  of  salicyl 
benzoyl,  mlicytide  of  benscyl  (C,,H-0,,C„H|Oj)   is  known;  tkb 
substance  may  be  procured  by  the  actioa  of  chlnide  of  benzoyl 
hydride  of  salicyl  (Cahours)  : — 

B jdr.  hIutL      CMbt.  IwitDfl.     B4llii7t  bnuegrL 

U      (+     Cf     J  -CLHAl+Cli- 
It   is  a  yellow  crystalline  solid  vbich  fnses  at  260^,  anil  msy 
sublimed  at   about   35^**.      It   is  identical  with  the  paratalic^ti 
Ettling,  obtained  by  the  distillation  of  salicylide  of  copper. 

Tf  hydride  of  salicryl  be  fused  with   hydrate  of  potadi,  hj 
gen  is  liberated,  and  salicylic  acid  is  formed,  which  staads 


*  6«rhnFdt  has  olitaiBed  a  compound  which  sppetra  ia  bo  the  tnio  1 
i^salii-yl  (C„U.O,.C'll  by  llic  •i-tion  ut  iwrrhloridt  of  phospIioRu  on  oil 
«iiili>r-(;r«(*u.     It  i»   n   I'liiiiiii)^.  slijjlitly  coloured  liquiJ.  nliioli  rrolrta  [. 
wh<M>  aiixcd  <*!tU  water,  wliilat  the  cUoride  is  convtrlnl  iulo  Mlicflic  SmI 
bydJoubloric  acids ;  CuatU^UHHiO,  =  H0,C„UtOt+Ua. 


to  hyilriilc  of  aalieyl  tbnt  bcnsoic  acid-<ioe«  to 
lenzoyl,  90  that  hjdridc  of  aalicjl  would  be  the  aldclij-d 
acid  ;  tlius : — 


lALiCYLic  aciiies. 
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n;>l>iA>  »r  •■UrjI. 


StV'j'-Alc  at  p7(uk 


H.c„n,o,+Ko,!ro  =  Ko.c„n.o.+H,. 

Itowing  table  given  a  synoptic  ricw  of  the  principal 
rclftted  to  tho  oil  of  Bpirwa,  embrncing  the  compounds 
rl  Berin: — 


t 


"i 


B,c„n,cio, 

B^C„H,aO,+AH 
B.C,H„SO,0. 

a.c,.B.o, 
c.,H.o.o,.a.o. 

l'    II  « I 

*  I 

'    -  ..    /'.'+Aq 
K0iC„a,CiiO^-t-tA4 

Ho.c„n^so,o, 


Oil    «*    winlef.gr««D'>  e,B,0,C,.B.O. 


QaalUicnleoraiaUijill'Ji      '         <•. 


.".W. 


SAlkia  .  .  . 
CUonMslkia 
IN^htarmlima  . 
'MolWdMlUiu  . 
Htlidn  .  .  . 
HaUcoUIh  .  . 
SoUsHdi).  .  . 
CblonMlinfiui  . 
INililatMklixitnb 
Tiidilaraauitmiln 
SaBntin .    .    . 


a.n„o.. 

0.H  Ol.i>„>.Ai 

c..n,cK), 

c..a,o, 


Populioor 

BaiiMrl-mlKna 

BvBiDjl-bellcka 


CvaniKrin 


)  Sttlieylic  Add  (H0,C,,Hpj=9-f  129).— This  com- 
igr  he  obtained  also  hy  mixing  1  part  of  wklicin  witU  a 
ted  iiolutioD  of  3  parts  of  hydrate  of  potatb  in  a  silver 
Btiil  fusing  the  mass,  contiiiuiug  the  beat  until  the 
bcomcs  while,  taking  enre  not  to  allow  the  tcmpemlure 
Inuit  7j^o°'  On  adding  liydruchloric  acid  to  the  raasft 
Is  been  dinKtlTcd  iu  water,  salicylic  acid  is  precipitated. 
is  rIbo  readily  prepared  from  the  oil  of  winter-grran, 
}g  it  for  a  few  miuutca  with  a  soliiliou  of  caustic 
thi*   ujienitioii   wood  epirit    is   liberated,  and  on  the 

f  an  aciJ,  salicylic  acid  in  precipitated.  Coiimarin 
yields  this  acid  when  exposed  to  aimilar  treatment. 

ri»R  obtained   by  decompoBing    anthraiulic  acid  (13^7) 

it  Rparingly  sohibtc  in  cold  water,  but  is  readily 
>^>.<iig  water,  fix>m  vbicli  it  crystallines  an  coulinj^  tn 
ooS 
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MLICTLATSa. 


]i>tig»lcndcr  needles.     It  fuses  at  316",  and  if  pore,  idaj  at  a  liigl 
temperature  be  iiubUined  unaltered.      Wbcn  salicylic  acid  ts  distillol 
with  an  cxcca  of  lime, ityicldiicarbosic  and  pbenio (carbolic) add 
MlRTiio  MiiL  FhMla  aod. 

HO,C„H^»+ J  CnO  =  I  C«0,C,0.-t-H0,C„H,Or 
The  monoba»ic  sidicylntes  of  tlic  nlliulies  y'te\A  ]iun;  jiltcnic  acid 
diBtillation ;  and  Kolbo  Htatea  that  oa  traiisinitling  a  Etn<ani 
carboDic  acid  into  carbolic  acid  whilst  it  ia  disaolring  nodium, 
salicjrlatc  of  the  biwc  U  reproduct^d,  whiUt  hydrogPM  ntcapcs. 

Saiicylale*.  —  Salicylic  acid    forms  oompouuds  wbicli  afe 
maoy  rcsiiects  anomaluus.       It    is  generally  oon^dered  to  be 
monobn^ic  acid,  but  it  forms  two  diKtiuct  clane»  of  salts,  oncoT'i 
which  coutaias  one  equivalent,  the  other  two  equivalents  of  baw; 
t1ie  acid,  thGrd'orc,  lias    been  represented    by  the  formula  UOj 
CuIIjOj,  iw  well  iw  by  that  of  2  HO,C,,n,0^.     The  monobaA 
e&lt«  may  be  preserved  unaltered  in  a  dry  state,  but    tbcy 
brown  if  exposed  to  the  air  iu  r  moist  couditiob. 

The  soluble  salicylates  arc  cbaroctcriEcd  by  the  property  w 
tliey  poaociM,  of  forming  nii  iuky  blue  |u-eeipitate  when  mixed  kiiH 
solutions  of  the  persalls  of  iron.  This  colour  disappears  on  thi 
addition  of  free  hydrochloric  acid.  The  anomalous  cbamctcrof 
tlie  tsulicyiate*  ruiidcn^  their  coiiKtitution  an  object  of  coiui* 
dcrable  interest,  and  we  shall  therefore  describe  a  few  of 
compouudft, 

The  monobasic  salicylate  of  polank  (ICO,C,,IljOj-f  Aq) 
tallizps  frnm  its  nlcoholic  solution  in  silky  needles. 
(Liebig'ft  Annal.  xciii.  262),  ba.^  obtained  a  double  nality, 
tff  copper  and  potash  (K0,C,jH,Cu,0j  +  4  Aq),  which  crysi 
in  large  emerald  greoa  plates.  The  ordinary  time  salt  (CaO.CuH,! 
+  2  A(i)  is  very  soluble,  and  crystallises  in  octoliedra  of  graf 
beauty.  If  a  solution  of  this  salt  be  mixed  with  a  solution  dt 
licneiD  Nyrup,  a  titbiuic  salicylate  of  lime  (CaO,C[,H,Ca,0(  +  i  Aq), 
whieh  is  sparingly  soluble  iu  water,  is  dc]K>sited  iu  hard  crystal' 
line  giaina,  Tlie  aqueous  solution  of  this  salt  has  au  alkaJiue 
reaction,  aud  is  decoaiposcd  by  the  action  of  carliotiic  acid,  car^ 
bouatc  uf  lime  Iwing  formed,  and  the  monobasic  lime  saJt  being 
set  free.       A  similar  salt   may  be  obtained  with  baryta   (0«0, 


2*  it  loaea  4  atoma  of  water. 


C,^Pi^|Oj4-4Aq);  if  heated  to  3i 

^V'itb  lead,  snliinlic  acid  forms  three  distinct  compounds;  ibo 
monoftasic  sulirylah'  of  lead  (PbO,C,,HjOj. +Acj)  i»  a  spariugljr 
soluble  salt,  wltich  i;  erj'stallinc  and  has  a  silky  lu&Ure.  If  tribasie 
acetate  uf  lead  be  added  to  a  boiling  solution  of  this  salt,  a  dihane 


oil.    or    WtKTBRnUCKK,  OR  OArLTIIEILIC  JkClO. 


SOS 


qf  iead  is  deposited  as  a  lieavy,  white,  crysUiUioc^  &□• 

rdcr  (PbO,C,,p»f  O^;  but  if  lie  frolutlon  of  the  uiono- 

bo  decotopntcd  by  Adding  an  «xcc^  of  ammonia,  instcnd 
tnbasic  acetate  of  lead,  tbc  liquid  when  boiled  dcpoftitA  a 

/*arfMtt(4l>bO,C\.|;^J0,). 

aiiQmalieii  vaay    be    explained  bjr  snppnsing  that  the 

•lt«    of   salicylic  acid   are   inouobaaic,  but  tbat  a  iwcoud 

bydrogim  ia  the  rndiclc  of  Ibe  acid,  in  certain  cases, 

^r  tieing  displaced  b;  a  tnctal,  thus  ^ring  rise  to  a  neriea 

rbicb  pr«scut  the  cbantctcrs  of  hiisiv  Kult«.* 

tit  lias  found  {Ann.  <k  Chiaae,  III.  xlr.  90)  that  thia 
laiTalunt  of  hydrogen  ia  the  radicle  is  dinplaceable  by 
Laiid  other  elect ro-uegative  grou|M.  The  mode  of  fofmiug 
iponnds  will  tw  best  understood  after  the  properties  of  tha 
of  methyl,  or  oU  of  wintcrgrecn,  have  been  drucrihcd. 
t)  Salici/ta/e  of  Methyl;  Oil  tif  fVinteryreira,  or  (laullhertc 
:,H,().C„H,Oj=II0,C„II,(CJl,)OJ;  Sp,  ffr.  0/  lU/uid 
'vapour  s'42. — Tbc  Hovers  of  the  Ganlthrria  procumbens 
ICC  coiiMsting  I'hielly  of  salicylate  of  methyl,  mixed 
proportion  of  a  liydi<ocarboii,  ierm^A  gaultheriline, 
I  taomcric  with  oil  of  lurpeiiliue.  Tlii»  hydrocarbon  boils 
atid  constitiiie*  the  more  volatile  portion  of  tbc  essence; 
aviate  of  methyl  is  procured  by  collecting  se|>arately  thoa« 
rhtcli  come  over  after  the  boiliu;;  poiut  has  risen  to  433°, 
it  coutiuuea  stationary.  It  may  abo  l>c  ohtaincd 
...  kfttilliD^  a  mixture  of  2  ]utrt»  of  ery.Hlall!xed  salicylic 
if  AnbydratM  wood  spirit,  and  1  port  of  oil  of  vitriol. 
rbtchn-cr  mode  it  is  obtained  it  presents  the  appcaraoce  of 
or  ycllowieb  oil,  of  a  powerful,  agreeable,  and  per- 
It  is  sparingly  soluble  in  water,  aud  its  aqueous 
[acquires  a  violet  tint  when  mixed  vrlth  a  iwrealt  of  iron. 
I auli^ti tnrioo  products,  coiitiiiiiing  chlorine,  bromine^  aud 
(of  nitrogen,  may  be  obtained  from  Uic  essence. 

iboljly  like  Wtic  odd  a  moDobMic  acul  oa  the  diatonuo  type 


S!h' 


(c.ii.u.rjo,, 


iivrliir  acid  in  tolution  ie  (tmImI  vttb  amaljiani  of  MxiiiUD,  a  new 
'  vavA  I  it  18  tnolftmr-ric  with  lh<r  hmune,  anil  itiitiil>  in  the 
lie  oeid  thai  jiivpiotiia  doea  toUclie  acid,  conUiuiiig  ; 

[cu  n-ta. 
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BAUCTLAm. 


long  fllundci-  needles.     It  fuses  at  3 16',  tifn^ 
tempenture  be  sublimed  imalCcrcd.     V  I: 
witb  ancsccfts  of  litnt.-,  it^lirldvcarboQicaitd  i 

fitlir  jKe  hU. 

HOAiiHiO.+i  C«0  =  >  CtO.Cp 

TIic  monobasic  salicylates  of  tlie  alWalic^' 
dtstUlation ;  aud   Kalbc  states  that   or. 
carbonic  acid  into  carbolic  acid  wliilst 
sAlicyUtc  of  lliti  hose  is  rcproduccJ,  v, 

Salicylaiea.  —  Salicjrlio  acid    fori . 
maay  respects  nnomalons.      It   i* 
monobauc  ncid,  but  it  forms  two 
wbich  contaias  ODCcquiralentj  thf 
the  acid,  therefore,  lias    been  n 
Ci^HjOt,  M  well  aa  by  that  (if 
salts  may  be  |>re8crvGd  uioltcm 
brown  if  exposed  to  tlic  air  in 

Tlie  Hotublc  salicylates  art- 
tlicy  possess,  of  forming  an  n 
solutions  of  tlie  pcr»alts  of 
addition  of  free  hydrodil<  < 
tlie    ^icylnti.^    render*    • ' 
derable  intcicst,  and  vr 
compoiiuda, 

Tlie  momkatic  tah- 
Ulliiccs    from    ita    ali: 
(Licbig'ii  jtrtaal.  x<  r 
0/  copper  and  polaj ' 
in  large  CmuruJd  ({r. 


load  ttUt,  foe  i 

.      .-1,.,. 

Ts  is  aiiomaloua, 
' .   fthvlic  or  ii' 
.    ■'.:  iliij  salicylic  ■. . 
ggaacDcet  tbe  di»jil 
L'  tbe  reaction  w  thej 


+  2  AqJ  is  Tory  >" 
beauty.     If  a  soln 
lime  in  syrup,  a  Hi- 
wbicti  is  &pariiiji . 
line  ^aiiis.     'I 
rcactitiii,  aitd    > 
bonalQ  of  liuii 
set   free.        .^ 

With    Irtrl 

loliibit 
acetate  ui 


.-•ing  |iartin1ly  out 
-  ?  lonDstiou   of  ctt 
.MitI  sliould  act 
^  couiiKiund* 
jL  bcuxojrl   )r- 
>  itbtiuDcd,  !■    _ 
«bicli 


-f 


WLICYLIC   AXeYDIllDE — SALICtX. 


567 


tl3-o)  Salicylic  anhydride  (C,,H^Oj,C,^H,OJ  may  be  pro- 
ired  by  the  artion  of  oxychloridc  of  pliwphorus  on  dry  sali- 
f late  of  soda :  at  the  wunc  time  a  quantity  of  M^'ry/irfc  (C^JI^O^) 
produced.  The  latter  l)ody  is  analogaiis  to  lactide  ( 1 1 3X) ; 
coataiDs  two  atoms  of  vater  lesa  thaii  are  present  iu  salicylic 
itivdriile.  Both  wilicyHdc  and  salicylic  anhydride  arc  rapidly 
>nvt.'rted  into  ordinaty  salicylic  acid,  when  heated  with  a  solution 
potash. 

When   salicylic   acid   ia  swallowed,  a   portion   of  it   finds  it* 
\y  into  the  urine,  but  it  becomes    converted  into  a  erystal- 
ible  colli^tcd  combination  of  glycocinc,  tcnned  salicylaric  add 
[O,C,j^H^N0.)   by  &  procesa   analogous   to    that   which   com-ert* 
enzotc  acid,  nodcr  Miuil&r  circiim«taDce«,  into  hippuric  aeid.     The 
>lulions  of  Halieyluric  acid  give  a  violet  colour  with  pconlts  of 
>u.      When  boiled  witli   concentrated    hydrochloric  acid,  aalicy* 
acid  is  split  up  into  salicylic  acid  and  glycocinc. 
FortioQs  of  the  hydrogen  in  Halicylic  acid  may  be  displaced  by 
Eilorine  and  by  bromine,  forming  cMvroaaHcifUc  aud  dlcMorosali' 
jCyHc,    brotaofalieylic   and  dilromotalici/lic  acids.     A   mixture  of 
hydrochloric  acid  and  chlorate  of  potash  converts  salicylic  arad 
[ioto  cldoranilc  (pcrchluroquiuoue)  C,gC1^0^. 

Fuming  nitric  acid  converts  the  salicylic  into  mtro-salicylic 
[(indigotic  or  nuilic)  acid,  (HO,Cj,HyN0^,Oj),  and  by  prolonged 
tion  with  it  furnishe*  carlraKotic  acid  [nO,CnKj(NO,)jO]. 
Iitxo«alicylic  acid  may  al.w  Ih;  obtained  hy  adding  indt^n  in  smal! 
quantities  at  a  time  to  boiling  nitric  acid,  which  has  been  pre- 
Tiously  diluted  with  ten  or  twelve  parts  water:  as  the  liquid 
ooo1»  the  acid  crystallizes.  It  is  sparingly  soluble  in  cold  water, 
bat  freely  10  in  boiling  water  and  in  alcohol :  it  fuse*  easily, 
inl  may  lie  sublimed  unaltered  at  a  gentle  hcJit.  Its  HolutinnH 
wbeu  Qiiied  with  the  pcrsalts  of  iron  give  a  red  colour.  With 
talta  of  lead  it  giyc^  a  {lalc  yellow  voluminous  precipitate  (PbO, 
C„II,NO,,Oj  + Aq).  The  aaltn  of  potash  and  of  ammonia  may  Iw 
obliuoed  in  orange-coloarcd  silky  needles.  A  ttimtrosaJicylic  acid 
piO,C,jHj{\OJjOJ  may  also  be  formal. 

(1271)  S.1LICIS  (CjjH,„0„=286).— This  substance  has  been 
TTiadc  the  subject  of  a  scries  of  intcrrating  researches  by  I'iria 
.'■'in.  df  Cfiimie,  II.  Ixix.  281,  and  III.  xiv.  25;}.  Saliciu  is 
contained  in  the  liark  of  most  of  the  willows,  and  confers  npon 
Ibcm  tbeir  peculiar  bitterness.  It  in  procured  by  adding  to 
nil  aijncoua  infusion  of  the  bark,  hydrfttcd  oxide  of  lead,  by 
which  the  tanain  nnd  colouring  matters  are  removed,  and  then  on 
filtering   and  evapomtiu;^  the  liquid  the  salicia  Va  o\>\^t>b&  \vi 


orystals.  It  is  soluble  ta  five  ae  «ix  puts  oT  cold  nt 
is  Mill  more  rcadil;  dtwolred  by  akobot.  Thorn  f 
ewrt  a  left-liBudK^  rotatory  action  upon  a  ny  of  f 
li|:ht.  A  solution  of  Bidicin  U  not  precipitated  by  hifi 
gelatin,  nor  by  one  of  txnniD,  but  nith  an  ammotriacil 
of  acctnic  of  lead  it  yield*  a  precipitate  consisting  of  C^O, 
When  6aliciu  is  moistened  itith  itrong  mliiLurie  addh 
a  deep  red  colour,  and  a  compound  add  ia  fonucd  wbicb  I 
t<;Tme<l  auI}tho-}-uJie  acid. 

When  saliciu  is  boil(-d  for  a  fcv  nrinnte*  with  dtlote  ■ 
or  hydrochloric  acid  a  rcmarkablu  change  occur* ;  grape 
found  in  the  sohitiou,  aad  oo  ueutrallzing  the  acid,  t& 
strikes  a  very  iuteuso  blue  with  the  pcrsJU*  of  iron,  oail 
preamoc  of  j«/fyp«m  (Ci^H^O^).*  On  a«itatiog  the  wlot 
cthcr,  the  Hiligtmin  ts  ecparutcd,  and  may  Iw  obtaiood  a 
ration  crystallized  in  pearly  tables,  wbicb  fuaoat  tSo". 
transforrantion  is  cSectcd  when  laltcin  is  aUoired  to  atand 
time  alter  mixture  with  a  solution  of  «jiiaptaso  [m«tt 
The  change  which  occurs  may  be  thus  rcprasvDted 


C«H,,0„+aH,0,  =  C,.H,O,+C„II„0„ 

By  heating  aaligenia  carefully  in  dosed  reasela 
of  water  arc  csptlled,  and  a  resinous  body  named  aaUrrtiml 
remains.  The  »ame  effect  is  prodticvd  liy  Ixriling  nlia 
genii)  for  mmc  time  with  a  dilute  acid ;  the  soluboa 
turbid  aud  depouts  the  rcun,  which  is  iu»)luhle  u« 
Kolnhlc  in  alcohol,  ether,  and  concontrated  aci'tie 
<)tiirci  a  red  colour  when  moi>stcned  with  oil  of  vitrii 

When  salicin  is  hcatfid  to  248°  it  ftue<,  and  at  a 
peraturc  i»  completely  decomposed.  If  heated  ■--•'-  ' 
potash  it  is  also  decomposed,  -and  oxalate  and  ki|i- 
are  formed.  Concuutrattid  nitrio  add  courerta  toUctn  ia 
id  carhozoiic  acids.  If  salicin  be  builod  with  lalpfa 
id  jieroxido  of  mangauesc,  formic  and  is  the  principal 
But  the  most  interesting  traniiformatiou  of  wbicb  it  la 

*  PAtltyriit  {Cc,n,,0„-^3  Aq)  is  lh«  dudd  pven  to  a  utviIjS 
■uaev  L'oDtaiavU  in  i!i<'  ln'rk  of  tlu)  PiillyrM.  Wuioli  «{>Ul«.  I 

Doids,  into^frapc  tntjsr  mtd  a  mti^i'tia  ct;Ti>I.*i!ir>'.  aad  m\u 
tu  Iwrtte  frnuoululiou  ji«l(la    ,  -^'V,   pliilly^^ftta 

Ibtvlraarati  ci'^aianuof  mJi/ 


DEBIVATIVCt  OF    SUICIK  — DBLICIN. 


569 


is  tlut  prxxiluced  1>j  chromic  add  : — if  I  part  of  xalicin  be  mixed 
with  I  pftrt  of  bichromate  of  potwh,  l-i  of  sulphuric  acid,  and  20 
tparts  of  wiiter,  on  the  applicatioo  of  a  gcutJo  hc»t  formic  aad 
jcarbouic  itcids  are  produced,  vhiliit  s  fmgront  oily  liquid  distils 
lover  with  the  vapour  of  water,  uud  coudeusca  in  tJie  rcr«iver ;  it 
exactljr  the  odour  of  the  mcadow-awect  or  the  heliotrope,  and 
laljsti  ban  proved  it  to  hnvc  the  saaic  composition  (C\,H„0,}  oa 
I  the  essential  oil  of  these  plants.  Both  saligcniii  and  oaUretia 
I  also  yield  oil  of  spinca  when  treated  with  bichroniftte  of  potash 
Land  sulphuric  odd,  the  change  effected  bciug  simply  one  of 
[oxidation; — 

SiHfanin.  Oil  otisntah. 

a^Co,+0,  =  aCH,C,.H7>J+aH,0,j  end 

tUintin. 


.C,.II.O,+0.  =  aCH.C,.H.O.). 


Chlorine  prodnccs  three  dilTcrcnt  nuhstitntion  products  with 

faaliein;     vir.,    C^1!,X]0„;     C^H,„C1,0„;      and     i\Ji,X:]fi,^. 

I'Wlien  dtt^OBtod  with  synaptase  ibey  each  furoisli  a  corresponding 

chlorinated  form  of  saligeniu  {see  table,  p.  $^^),  and   if  boiled 

with  dilute  ucidu  each  jielda  a  eorrenpondiug  chlorinated  form  of 

I  fialiretia. 

llelic'iA  2  CjgHigO,,  +  3  Aq. — When   one  part  of  salirin  is 

digested  without  the  application  of  heat  in  to  parts  of  nitric  acid 

[of  sp.  gT.   ri6o  for  twenty-four  honr3,  it  hecomca  gT-ndually  dis- 

[tolved,  and  loses  3  ciiuivalent*  of  hytlrogcu ;  the  solution  acquires 

yellow  colour,  and  crystals  of  helicin  arc  deposited :  the  mother 

Pliljlioi'  inu«t  be  rcmoTcd  by  submtttitig  the  crj-tttalu  to  pressure  in 

[Kncu,  aflcr  whidi  they  must  he  waBhed  with  cold  water  and  with 

I  ether,  which  leaves  thcia  in  a  elate  of  purity.      Ifclicin  crjstal- 

[itzea  in  »uult  dc'icate  colourless  needles,  which  Ore  very  soluble  in 

boiling  water  and  in  alooliol,  but  nut  in  ctlicr.     It  has  a  bitterish 

tutc;  Mihcu  heated  to  212"  it  loses  its  water  of  crystallization; 

I  it  fuMM  at  347*^*  and  is  gradually  decomposed,  becomiug  coiivcrtetl 

[into  au  in»ohihtc  nsinoid  ronas.     Under  the  intlnenee  uf  alkalies, 

or  of  synaptase,  heticin  assimilates  the  elements  of  water  and  is 

I  eonrertcd  into  oil  of  spirtca,  and  glucoMi : — ■ 

BtUdK.  oa  of  ty\m.      SlecoM. 

Dilate  oitric  acid  also  decomposes  hcliein,  and  liberates  oil  of 
■pincA.  When  boiled  witli  dilute  nitric  acid,  nitroealicylic  atu) 
oxalic  ncids  arc  formed. 
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is  a  crystaltine  compound  which  ta  tbc  rCsnlt  of  Ihe  impoHed^ 
oxidation  of  itftlicin.     It  is  prepared  ia  theume  manneras  hdiciB, 
hut  the  specific  grarity  of  the  nitric  acid   cmploj'cd    must  not 
exceed   [09,     Tlic  circumstances  uoccesarjr  to  ensure  its  [irodoc-j 
tion  are,  however,  not  iiccuratcly  known.  ■ 

Both  chlorine  and  hromiiic  furra  compounds  with  hclicin,  U 
which  I  atom  of  hydrogen  is  displaced  by  au  equivalent  of  chloriifl 
or  of  bromine,  tlic  formula  of  chlorohttieiit  being  C„,.U„C10  J 
it  ia  dcconipoeted  bj  synaptase  into  glucose  and  clUoride  I 
soltcyl.  m 

XafureofSalicin. — The  foregoing  observations  and  ex[>erimciM 
appear  to  lead  dcfitiitely  to  the  conclusion  thnt  salicin  must  be  tm 
gardedas  a  colliguled  body  derived  fmm  aalij^cmn  and  ^rspe  Higd 
Sidigcuin  is  a  substance  which  readily  undergoes  transrormatiaH 
by  chemical  agents,  being  eom-erted  by  sulpharic  acid  into  I 
pcciiliai'  red  compound,  by  nitiic  actd  into  curbaxotic  acid,  ami  M 
other  oxidizing  a^^uta  into  oil  of  «pira>a.  When  ealido  is  mH 
milted  to  the  action  of  clicniical  agents,  the  Raligenin  i^  tlie  can 
stitiicut  wbich  ia  6ni  affected  if  these  ogcuts  act  with  modcrattt 
intensity ;  whilst  the  sn^ur  either  remains  in  combioation  wjfl 
the  modified  satigenJii,  as  la  the  various  forms  of  cblorosalidn,  M 
it  is  set  at  liberty.  If  the  reaction  be  morn  riolctit,  the  clemeifl 
of  the  au|;ar  also  take  part  in  the  chniigca  which  are  efTL-clcd  :  M 
example,  when  snliciii  is  oxidixed  by  chromic  acid,  the  saligenl 
fields  the  oil  of  spir»ia,  sud  the  sugar  produces  formic  acid,       m 

(i37s)i'o;«.««[CJl„0„+4Aq=C„n,,(C,.HjOJO„+4A« 
— This  compound  may  be  regarded  aa  aaliciii,  in  irlilch  one  atofl 
of  hydrogcii  has  been  displaced  by  benxuyl.  It  is  found  in  l)l 
hark  and  the  leaves  of  the  aspen  [Pojiulut  tremula),  and  probillfl 
also  in  other  varieties  of  the  poplar.  It  iH  extracted  hy  a  procil 
nmilar  to  that  employed  for  salicin.  Populiu  re^^iiircs  about  H 
liarto  of  boiling  water  for  its  solutioo,  and  xooo  parta  of  cold  vattjl 
it  is  frwiy  soluble  in  boiling  alcohol.  Vlieu  cr_¥stallij!c<l  fromfl 
hjot  aqueona  etolution  it  forma  colourless,  silky,  Mtremcly  deltcafl 

ilea,  which  hare  a  awectiah  la&te  resembling  that  of  liquorica 
"Iheae  cryrtids,  if  heated  to  2 1 2",  lose  4  Aq. ;  at  a  higher  teEafll 
raturc  they  arc  drcum|>o«4.-d,  benxoie  acid  being  amongst  tlfl 
products.  ^Vhon  boiled  with  bai^t*  water  for  a  few  minutes,! 
clear  isolutioa  is  obtained,  and  on  separating  tlie  excess  of  baiyfl 
hy  means  of  a  current  of  carbonic  acid,  the  solution  is  found  fl 
contain  salicin  and  bemoate  of  lisryta : —  I 


tanuiitiK— couuasic  Acrti. 
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Ibofled  with  dilute  acids  pc^ulin  is  decoiDposed  into  a  mixj 
boiitcic  add,  MdiietiUj  uud  glucoac  : — 

is  witbont  action  opon  populin  ;  conoeutratcH  nitric  acid 

it  into  a  mixture  of  iiilrobcuzoic,  carbniKitic,  aiul  oxalic 

diliitr  uitric  »ciil  converts  it  into  bemoslheliein,  C{,II,j 

j|0,j.     A  miiiture  of  bicliromate  of  potash  and  Bulphurtftj 

ate»  oil  of  9[>invii  frum  populiu  in  abuuduncc.  fl 

l)    Coiiin»BWi«(C„H,0,=  l48);  Ftulxj/pt.  12 i° ;  BoiUnffpt. 

its  (tuTMtaiice  is  foiiud  iu   tlie  Tonka  bean  (Coumaroma 

in  tbc  common  mclilot,  in  thcswcct^scciitcd  vcrnul  f^nuis, 

rmach  of  tbo  fragnuice  of  hay  »  owing,  and  in  scrcral 

rented  plants.     Coumiiriii  is  mostca^ly  extracted  from 

la  beau   by  ilig(.Tstiiig  the  povrdcrc<l  seeds  in  alcohol  ;  oit 

kting    tfac   alcoholic   solution,  crvKlaU  of  couniarin  are  ob- 

he  purified  hy  digestion  with  aiiiiual   charcoal, 

iization.     Coiimnriii  a»<>iimc9  the  fni'm  nf  colour- 

nguJor  piat«s,  or  of  rhombic  prietmit  with  slightly  rounded 

may  be  distilled  onaltercd.     Its  vapour  has  an  agree 

itic  odour.     It  has  a  burning  taste,  and  is  but  slightly 

in  cold   water,  though  it  is  freely  dissolTcd   by  boiling 

the  solution  on  cooling  dcpoaits  conmarin  in  silky  needles. 

iicida  di&sulrc  it  uithuut   tdtcration.     Concentrated  oitric 

■TTrt«  it  at  fint  into  RttrocoMiaariti  [Ci^Ut^(i^O^O^,hut\>j 

boiling  it  tramforros  it  into  cnrbfutotic  acid.     Substi* 

iponnds  conluiiiiug  cbloritm  and  btoiuine  may  also  b« 

it.      One  of  it%  most  Btngular  compounds  is  obtained 

"■   *:irin  with  a  solution  of  iwrt-bloride  of  antimony  iu 

:  gua  a  evolved,  and  as  the  liquid  cools,  a  cauary' 

[pncipiutc  (C,,H«OySbClj)  is  deposited  in,  cryatals. 

coomarin   is   boiktl   nitli   &  couccntrntcd    Moliilion   o! 
of  potash  it  assimilates  tim  elements  of  natcr,  and  is  con- 
eottinaric  acid,  which  ooiubines  with  the  potash  : — 

Ovoaano.  OaiKnanteoTpolMh. 

C^H^+KO.HO  ='KO,q^HjOi". 

acid  m-BtuIIiKcs  in  brilliant  transpftreat  plateSjir] 
|ltBiiie<l   by  decora  posing  »  hot  solution  of  coumarate 
I  hydrochloric  acid.     It  fuacs  at  abonl  574*';  at  a  higher , 
ire  it  it)  dn-omposcd,  yielding  a  cryptalliue  sublimate,  unc 
ieJi  combines  with  potash,  nud  reddens  the  pcrsaluof  iron. 


I 
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Wbeti  cotUD&ric  acid  is  fuse^  wiUi  hydrate  of  pot«»h,  it  h  < 
coniixiiwd  into  aeetate  ttud  mlicj'latc  of  tUii  bft»c  (Chioxza),  wUil 
bvdrogcn  escapes : — 


5.  on  €(f  Aniseed. — Anhic  Serle*. 

(i  374)  TIic  cascDtial  oiU  furnished  by  the  seeds  of  Pi 
aaimm,  oe  common  anise,  of  the  Attelhum  fwnicvfum,  or  feni 
of  the  Illicium  aaUatvm,  or  stnr  nniae,  and  of  the   Artt 
drocunculus,  or  tarragon,  ore  closely  allied  to  each  utlicr ;  t1 
raiy  in  odour,  bat  all  consist  of  tno  portions,  one  of  which  isi 
bvdroi'nrbon  isomcnc  with  oil  of  turpentine,  and  the  other 
aolid  crystalline  oxidised  eDiapouad  (C„H,jO^),  which  i»  con' 
tiblc  by  oxidutiou  iuto  hydride  of  anisjl  (CijHjO,^i). 

Sclid  EatfKCf  of  Anitfitti  (Cjj|!I,jO,);  Sp.  ffr.  of  solid  i'0l4)' 
ofvapow  5'uj;  Fusing  pt.  65";  lioilinffpf.  ^33"- — ^TIjc  crude  ». 
acnce  of  auiseed  coutaiiis  nearly  foiir-tillha  of  its  vreight  of  Hat 
Oxidizi-d  compound ;  which  may  be  separated  by  exposing  the  oil 
to  a  low  temi)crattirc,  submitting  the  mngma  to  pressure  between 
folds  of  filtering  paper,  and  rrystallisiiig  the  n»idue  from 
alcohol  (sp.  gr.  clt^o).  Ttiis  vuhstance  when  treated  iritb  chl< 
or  vith  bromine  yields  snbfititution  compounds. 

When  essence  of  aniseed  is  mixed  with  concentrated  (m1 
vitriol  it  lA  dissolved,  nnd  n  red  solution  is  formed  ;  on  the 
tion  of  water,  this  solution  is  decomposed,  and  a  sobstance  ti 
anisoine,  isomeric  with  the  solid  essence,  ia  precipitated  ia 
resiuoid  massce.  A  aiinilar  change  ia  produced  by  treating  tb« 
eesence  with  bichloride  of  tin  or  with  tcrehloride  of  untimooy. 
Thia  modification.  U  insoluble  in  alcohol,  but  in  soluble  in  ether 
and  the  csacutial  oils:  it  ia  nttlicr  tieaner  than  water,  and  H 
fusible  above  212°.  The  oils  of  tarragon  and  of  bitter  fennel 
appear  each  to  contaiu  a  di»tiuct  compound  which  is  isomcne 
with  auieoiiic  nod  with  the  solid  portion  of  (»1  of  anise ;  the  prill' 
Opal  portion  of  cs^enco  of  tarragon  consisting  of  a  inodiCcntioa 
which  boils  ac  403°,  aud  rcqiiirca  a  low  temperature  fur  ita  solidi> 
ftcatiou.  Theac  bodies,  when  oxidized,  yield  noisic  acid,  aud  other 
product*  which  are  identical  with  those  fiimiahed  hy  oil  of  aniseed. 
Oil  of  ciiinin  is  ulso  isomeric  with  the  solid  casence  of  aiii»«j 
but  the  products  of  ita  oxidation  are  ditfcmit  (1 254). 

If  oil  of  aniaeed  be  Iieuted  in  a  aealed  tube  to  430°,  in  ODutaCt 
with  a  mucture  of  hjdraitQ  oC  soda  and  lime,  a  small  ^aat^t 
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fbrmoil,  irbich  i»  uomcric  vriUi  onmituc  add,  Imt  Dot 
ith  tUU  (!uin|tiiU[iil. 
:  ikctiaa  of  nitric  acid  upon  oil  of  aniseed  gives  rise  to  a 
if  cotnpoands  which  Itaro  been  particularly  cxamiued  hy 
K  Thef  present  u  close  aoalog^  wilb  the  oompoimd^  of 
i^Uc  aeries.  The^  may  be  regarded  as  ooutaioing  a  rodido 
amiay/  (C,gH.OJ,  which  may  be  viewed  either  as  a  homo* 
r  amBcjrl,  or  as  a  body  ia  which  one  equivalcot  of  hydrogen 
)  displaced  by  an  equivalent  of  mi-tli)-l ;  thus— 

leyl      .     .     C,.2']o,;      AnUyl     .     .   C,.  ^,^{{'|o.. 

principal  members  of  the  soisic  gronp  arc — 

T'    '  : '    of  anisyl     ....  C„ILO,,H 

,  alcohol       ....  C„Hp,HO 

Anisic  add HO,C,nH.OyO 

Cliloride  of  SQi«yl     .... 
Axmine 


c,.H.o^a 


C„II,,Np,. 

l)  Hj/iiride  of  Anisyl  {Cy^H,0^,R)  ;  Bp.gr.  I'og;  Boiling 
490^. — When  oil  of  aniseed  is  acted  apoa  by  dilute 
\f  a  reddish  oil  is  obtained,  consisting  of  a  mixture  of 
and  hydride  of  anisyl.  A  quantity  of  oxalic  acid  i» 
during  its  preparation,  which  may  be  explained  1>y 
equation  ^'- 

C.H^',+30.  =  ci^'o^H+a  HOCA+H.Or 

thna  olita!nc<l  be  vaslied  witli  a  weak  solution  of  [Mtatdi, 
>  remoTc  anisic  aoid,  and  be  then  cautioosly  distilled,  tlia 
lorcr  in  the  form  of  an  atntjcr-colourcd  hqiiid,  which 
latic  odour  reaembliug  that  of  new  bar.      Hydride  uf 
bomologous  with  oil  of  Epiraca.     It  is  fi-cely  soluble  in 
iu    rther,   but  insoluble  in  water.     Sulphuric  acid 
and  furma  a  dark   n.-d  liquid,  frotu  which  on  dilution 
the  nit  is  separated  unaltered.     Hydride  of  auiayl  forms 
f  Mr  with  the  l»Hulphitcs  nf  the  alkalies. 

'/  (C,gH,0,HO) ;   Batlmg  pt.    about    480^— 
of  Anisyl  he  dtssolred  in  an  equal  volume  of  alcohol 
'  li   tiiree  times  its  volume  of  a  solutiun  of  potash 
,    .    19  dceoupovud  into  uuiiFic  acid  aud  uiivylic  alcohol 
In  add  crystallises  out  as  ani&atc  of  potash,  whiUt  tbs 
ol  rciiiaitM  ID  aolutioa  j  it  is  decanted  and  distilled  ta 
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get  rid  of  the  ordinarr  alcofaol ;  it  is  then  mixed  vitli  etk 
tlissolrm  the  anisylic  alcohol,  ani)  Ifatcs  it  on  crnpotsti 
jfllowUh  oil.  It  nrmv  Ijc  ilislilled  nai  frtfil  from  k 
hvdride  of  anisyl  hy  digCfttion  irith  s  btBul[)hite  of  dch 
alkalies.  On  retliBtiltation  it  is  o1)tainpil  as  an  oil  wbJA 
■when  anhydrous  at  73°,  but  if  it  contains  water  it  cryiJi 
a  lower  temperature  in  bard  abining  ucedlea ;  it  i$  beM 
water,  and  bas  a  feebljr  spirituous  ottoiir  nnd  a  bmnii 
OMdiziug  ngcDtt,  «uch  a*  dilute  nitric  acid,  ^mduallr 
it  into  iiydride  of  anisj'l,  and  then  into  aiit«ic  add.  I 
black  ea»l}'  chaiigM  it  into  anisic  acid. 

Ammouia  cuuvcrta  the  hvdridc  of  auinjl  into  izaJfAi 
3C„lI,0.  +  2  II,N=C^H„N,0,+  3  11,0,.  Ifaniahydi, 
maintained  for  two  hours  at  a  temperature  of  330°  01 
ftues  and  become*  converted  into  au  isomeric  buac,  tennnl 
1''hiB  bodj*  Ib  soluble  iu  alcohol,  but  scarrely  soluble  in  wi 
Kther.  Its  alcoholic  solution  has  a  strongly  alkaliui?  rcncti 
bitter  taatCi  it  deposits  the  alkali  in  oolourlcss  prisma.  ' 
of  this  base  may  be  obtained  in  cry&tals. 

(JS76)  Auitie  j(fifMHO,C,aH.O,=y +  143).— This  « 
U  isomi'ric  with  tulicylotc  of  methyl,  and  luis  Che  compoi| 
bomologue  of  salicylic  acid.  It  may  be  obtained  byboifl 
auise  with  nitric  acid  (of  tip.  |^.  rao);  n  yellow  roniM 
tcriHRd  nitranituie  [CajlIio(NOJ,OJ  is  thus  formed,  and  i 
on  cooling  deiKJsits  long,  colourlesA  brittiant  [Hums  of  m 
This  acid  is  scarcely  soluble  in  cold  water,  but  is  freely  a 
boiling  water,  in  alcohol,  and  iu  ether.  It  melta  at  Ji 
may  be  sublimed  uiiiLlt«rod,  condensing  in  white  n  "  " 
concentrated  nitric  acid  coDTcrts  it  into  nitron^ 
C,nI!„NOj,0,).  The  anisates  arc  monobasic;  tho*..-  ■:  ;l 
lies  and  of  the  eartlui  are  soluhlu  and  crystallizablc :  but 
lead,  silrcr,  and  mercury  are  insoluble  in  cold  wnter. 

Chloride  of  Anuyl  (C„l!,0.,a  =  i70-5)  j  -^.  gr. 
colourleM  oil  of  a  pcnctratiug,  powerful  odoar ;  it 
distilling  anisic  acid  witli    perobioride  of  phospl; 
at  j04°. 

(1377)  Anitol  {C^^}\^Oy,   5/».  jr.  0-991  ; 
anisic  acid  be  distilled  vitfa  an  excess  of  cauxtic 
a  Qotnpouiid  termed  qmuoI,  ur  phenomethot : — 


Autaol  baa  tite  compositioD  of  iibcnate  of  mnthyl  (1 
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obtained  it  srntbctically  hj  (IcComposiag  iodide  of 
licuatc  of  potash  (1 365)  : — 

colourless  lt(]iml  of  an  aromatic  odour;  !t  is  soluble  ia 
au  in  alcohol  and  ctlicr.     AA'bca  treated  with  fuming 
ftubstilutiou  co[U|)omirls  arc  obtaiucd,  which  may  cod- 
or  3  ct^uivalcnts  of  peroxide  *of  nitrogen.      ^'tUraHUot 
^Oj),  when  treated  with  an  alooliolii;  solution  of  hydro, 
of  anuuouia,  yields  a  baae  termed  anijiiitiHe  (C,^H,NO|), 
,ur  is  deposited;  nnd  if  (tinifranuoihti  similarly  trtutcdj 
Milranuuiitte,  ia  obtained  : — 

MtnuUldiB*^ 

ne  ctyBtalbMfl  in  long  brilliant  nccdlra,  which  are  of  a 
owu  colour:  it  fonns  ndl  defined  cryiitallimblc  salts 
inrtc,  nitric,  and  liydrocbloric  acids.  If  tnnUranUol 
)j),O.J  be  treated  with  hydrosulplifttc  of  ammoiiia,  it 
ird  ba«.  dtHitranisidinr-  [C„lI.(NOJjN0,],  the  salu  of 
rcTcr,  are  vi-ry  unsuble,  and  are  deoomiKWied  by  contact 
,  Nitrauuidiiie  wlieu  treated  with  the  chlorides  of  benzoyl, 
1,  and  of  cumyt  yields  new  compounds,  in  which  benmyl, 
and  cumyl  arc  suljstitutvd  for  hydrogen,  and  compounds 
to  bcnxamide  are  produced  ;  for  example  :—— 

CU<tU*if  bna»)l.  Bnt*riiiflr*nwiiit<lr. 

of  tJiia  nature  present  aa  interest  in  oonnesion  with 
D  of  the  artificial  formation  of  the  natural  organic  basca ; 
ical  formula  of  benzouilranisamide  (C^^H^jN^OJ,  pre- 
igiilerablc  rcscinblauce  to  that  of  mme  of  the  natural 

(C.)   Bnmiial  OH*  w/tich  eoaiain  Sulpfiiir. 

Ths  Allvl.  Skribs. — The  basis  of  all  the  oils  of  tlio 
id  essences  which  have  "been  accnratdy  examined  is  the 
termed  nllyl  (C^Hj).     Oil  of  garlic  is  a  misturc  of 
Ipliiile   of   alljrl ;   and  tho  essences  of  onions   and 
uad  ro&ny  of  tlic  A^odeUa  and  Crud/era,  yield  similar 
tini  oils  of  mustard,  of  horse-radish,  and  of  scurvy 
chtedy  uf  vuljiliijcyanidc  of  allyl. 
kl  MifiM  lia4  recently  been  invented  with  new  intercBt 
(if  iicrthidut  aiid  Vc  Luca,  nho  luire  aucaxdcd  in 


ere 
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preiianng  ILc  iodidt  0/  allyt,  or  iodinfrd  propylfcnc,  1 
hy  dectxupcning  glycerin  irilh  biniodiile  of  phos|ifao 
discover;  which  in  the  baads  of  tlio«c  cIivmtBU  {ComjiTa 
Feb.  4,  1856),  Aiid  in  tkoie  of  Kofmnnn  mnd  Ctkuan 
Chimie,  III.  1.  431)  lias  led  to  the  formation  of  Bntncm 
tires  of  allyl,  aud  has  demonstrated  tlic  iotimate  connexiai 
compouDils  with  licroleiu  aiitl  tbe  jinMlucU  of  its  nxid 

(1279)  AUyl.  or  Altslidt  of  AUyl  {C^H^)^;  Sp. 
0*684;  of  vapour  a'92;  "Bmhngpt.  158*. — Wheu  ic 
treated  with  Rodiiim  it  \*  dreoinposcil,  iodide  of  sctdiu 
and  allyl  Is  liberated  in  the  form  of  a  very  volatile  liquid, 
of  a  peculiar  penetrating  odour,  TCMmUiog  that  of  ndi 
vapour  bums  with  n   verj*  luminoti»   flame.      It   b 
Eul|)huric  acid,  the  miiture  being  atteuded  with  pitati 
tcmpcr&tnic,  and  ou  standing  for  a  few  houra  it  gndi 
iu  a  modified  coiiditiou. 

AUjil    is    immediately    attacked   by    cbloritio, 
iodiue,  vith  which  it  forms  conipouuda  to    which 
C^U^CI,;   C,|IIjBrgj  andCjHjIj,  Iiave  been  assigned.^ 
ever,  probable  that  theac  bodies  arc  not  true  comt 
vilb  two  equivslcnta  of  tbe  halogea,  but  substitution 
perhaps  of  the  form  0^1  I^CI,IICI,  analogous  to  Patch 
point  could  be  osrcrtaincd  by  cxanuDing  tlus  actiou  < 
tbem. 

(laSo)  AUyhc  Alcohol  (C,II(0,HO);  IMTmgpt.i 
iodide  of  ally]  is  digested  with  oxalate  of  ailrcr,  viule 
place,  double  det-ompoeitiou  occurs,  in  cotucqueuce  of  wl 
of  aUyl,  and  iodide  of  sUpeT  are  produced ; — 

Iddbb  of tlljl.     OikUl>  ar«)»r.  «uM*<tfi 

Tbe  oxalate  of  allyl  or  allyl-oxAlic  cthcTj  is  an  ana 
which  boiU  at  404** :  when  treated  with  amnionia  it 
and  allylic  alcohol  :— 

tyuittmoiiaji.  AJijfcdMteL 

Allyltc  alcohol  is  mctamcric  vritli  oodono^  aad 
aldchyd,  but   it   diBera   from   tliena  iu  pniperti«». 
than  watnr,  in  which  it  ia  soluble  in  alt  proportioE 
is  inflaianmbhr,  and  burtu  with  a  lumiuDUit  Hi.. 
with  poLnsHiitiit,  hydrnj^en   is  evalrud,  iu><)   ju 
(C^lljO.KO}  i»  obtained  in  llio  fnnu  of  a  . 

Allelic  alcxihol  when  mixed  nitli  tulphur.i'  ^iitt 


[ 
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Mutp^alljftie  acid  (H0,C,II(0,SjOg),  wliicli  corretpontl" 
suljibethjUc.  It  is  the  rinic  add  of  the  »criw. 
()  Oxi4r  of  Alltjt;  Allylic  Eth*r  (CjHjO.C^lljO) :  JioUa 
iSj"  ttwi  190''. — When  llic  oompouud  of  potasaium  with 
hoi  is  raised  with  iodide  of  all  vl,  violent  action  occurs ; 
potAissium  is  fvrnicd,  aiitl  nliylic  «l1ier  \*  pixidiiccd,  by  a 
tiou  au&logoua  to  tliat  which  attcitds  tlic  formation  of 
etliPT  wl>ea  sodium-nJcohot  is  treated  with  iodide  of  cttivl, 

k]°»      -      I  J      +      C„Hj°'- 

lot  Slid  De  Luca  elate  tliat  oxide  of  sllyt  may  also  be 

di^tdliii^  ioilide  of  nllyl  with  ifd  oxide  of  mcrcurj'.     It 

tliau  watvr,  iiiiil  hn-i  an  clli«r(!al  odour  rt^scnibliiig  that  of 

orallrl  appears  to  exist  rcaily  formed  in  ^ninll  quantity 

^rlic,  ami  in  some  olher  oils  wliioli  n^scmldc  it.      Wurt- 

«uto4  that  it  may  be  olitaiiivd  by  ddcora  posing:  oil  of 

.  by  dli<tilUtiuD  io  a  cloned  tube  with  hydrate  of  soda  and 

tltv   decomposition   of  thu   sulphocyniiidc  of  al'yl   tliiis 

i*  iilow  and  imperfect.     U  enters  into  direct  conihi nation 

of  sihtr,  and  forms  a  compound  (C^HjO.AgO.NOj 

be  obtained  by  mixing  rc<rtlfii:d  essence  of  garlic  witli 

>af  a  con  ecu  trailed  alcoliolie  Mdutioii  of  nitrate  of  silver  : 

of  twcuty-foiir  hours  a  black  deposit  of  Biilphidc  of 

<  fbnncd  ;  tho  liquid  must  he  boiled,  and  filtered ;  on  cool- 

coinjKiund  of  oxide  of  allyl  with  nitrate  of  silrer  cry»t»l- 

j  brilliant  coloiiriesa  radiated  prisms,  which  arc  freely  soluble 

jr;  bat  sparingly  m  in  cold  alcohol.     If  this  1>ody  be  dU- 

ammonin,  oxide  of  nllj']  it>  M>t  at  liberty. 

nblc  allylio  ether  baa  al«o  been  formed  by  deeompoHiug 

■tlyl  by  an  alcoholic  solution  of  potash  j  iu  which  case 

^Hc  elh^r  (C,ltO,C,lljO),  a  li<i«id  wbicU  b..iL-t  at  i^4°s> 

AUyUamiflic titter  (CjH,p,C,oH„0)  may  be  obtained 

Stating  n  solution  of  potash  in  fouscL  oil  for  the  alcoholic 

of   fioiash    u»ed   in   the   previoiut    exporiiiieiit.      It  boiU 

uud  CahotiD!  have  obtained  the  Fame  componnds  by 
tiotaasium-allfl-Hlcobul    by  iodide   of  ethyl,  and  by 

Chliride  t,f  Aiij/l  (C.HiCl)  is  readily  obtained  by 
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tUliDg  ftllylic  alcotiol  with  cliloridc  of  i)liospiiorus,  and  the  im^l 
(CgHjBr)  may  be  obtained  with  eqaal  fadUty  by  dUtilling  ^M 
aloobol  with  bromide  of  iihospborus.  ^M 

Iwlitlc  cj  AUtjt;  hdizKd  Piopylme  [C^Vi^l=:\6S) :  ^jrfl 
liquid  J';li9;  SoUinff  ft.  214°. — ^Tbis  lutcreeting  cdoijnmiii^I 
obtniacd  by  the  action  of  equal  parts  of  biniodide  of  phoepba^| 
ami  glyrcriu  upon  rnfh  utbcr  (1067).  It  is  a  colourless liq^| 
iu«oluble  !n  water,  but  eoluble  iii  alcohol  and  in  etbn-;  it  Iim^| 
t'ttici'cal,  sometrhat  alliaceous  odour;  when  csposMl  to  ait  ^| 
li^lu  it  rapidly  becomes  brown,  and  emits  un  irritatiug  od^| 
allied  to  tbnt  of  mustard ;  it  may  be  dislilled  unaltered,  le^H 
of  itilvi  is  decomposed  by  digegtion  with  itii  aqueous  6ohi(ioa^| 
atumcDna,  and  on  diAtilbition  with  potash  n  volatile  ba^e  of  a  li^| 
aoi  mouiacuJ  oduur  ia  foriued,  probably  allt/lia  (Catl.'N  ■=C,11,,H^H 
The  following  compouiifU  iurcstigatcd  by  Wurtx  (^mjH 
Chmie,  III.  li.  87)  are  coimeptpd  witli  these  Ixwlies  : —  H 

(1383]  Biltromide  of  T>-itylcne  (CgHgBrj) :  Boiling  jit.  bct«fl 
284°  and  293°. — This  is  a  colourless  liquid,  having  the  odoti^| 
Dutch  liquid.  It  is  nio^t  n-ndily  prepnreil  by  tranitmitliug  tbmfl 
broiniuc  the  gufcoua  pruilucta  {irucured  by  paMiing  the  Tapom^l 
fotiat-l  oil  tIirDii{;h  a  red-tint  tube,  aud  »ubniiltUig  llic  liquid  1ml 
obtained  to  fraction ati'd  disliltution.  This  itubslancc  may  boB 
j-ardcd  ns  the  hydrolnumie  ether  of  tritytic  glycol.  H 

Bromide  itf  Brnmotriiifltne  (CgHjBr,Brj) ;  Sp.  gr.  of  A'gS 
J'392 ;  Boilinff  pi.  about  383^  F. — When  the  vajxmr  of  ii\t  Gm 
going  compound  is  nubmittcd  at  its  boiling  pmnt  tu  the  scU'oflfl 
the  vapour  of  bromine,  the  two  hodien  react  upon  each  ot!icr,  liTiit^ 
braniicocid  gas  is  furmcd,  and  a  new  bromiiiatci)  »tibxUncc  hoMi^j 
the  abore  formula  t>  obtained.  Afler  purificatioa  by  distillatiou 
it  14  procured  in  the  form  of  a  eolourless  liquid  of  a  {mwerfilH 
irritating  and  very  persistent  odour.  It  acts  rapidly  upon  thci^l 
of  silver.  H 

A  coaiponud,  nietauieric  with  the  foregoing  one,  irhich  ^| 
been   termetl  llio  tnbromide  of  al/t/l,  in  obtaiueil  by  dccompoddB 
1  part  of  iodide  of  allyl  with  i^  parts  of  brotaiuc.    It  boila  at  ■t'ifil 
and  unlike  its  isomcridc  it  becomes  concerted  into  a  scltd  maMlH 
teRiperatiirea  below  ^^0°.     When  cooled  slowly  it  deposits  maginfrl 
cent  brilliant  prisms  fusible  at  62°.    An  alooholie.iohition  ofpotaAJ 
decomposes  it,  liberating  an  rthcrcal  compound  11  liieh  boiU  at  J75''. 
TribroHiide  of  allyl  ia  readily  ntuclu'^  by  acctntu  of  sil»er,  I 
atom  of  the  bronitite  rcquiriug  3  atoms  of  tJic  acetate  for  it»  de- 
composition.    It  is  thus  converted  i[ilo  triiicelin  (C,,H,,0„),  aad 
this  MdmuucCj  when   dceoniposnl  by  baryta  water,  yields  a  HQfl 
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.iilc  of  mercury  and  allyl  is  alone 
'.(',  chloride  of  potassium  and  sulpho- 
.fmed,    whilst   the  sulphide  of  allyl 
ruuicd  by  the  oil  of  mustard,  leaving 
!\;tort. 
JL'u  the  cloves  of  garlic  are  distill^  mth. 
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water,  a  brovo  heavy  foeUd  oil  passes  over,  cofutituttngl 
Oiaii  o'2  i>cr  cent,  of  tlio  &f»b  root.      It  u  panuiU; 
\ty  redistillation  over  nn  oi>cn  fire,  but  if  rvctiBrtl 
&alt  water,  about  tnO'lliinU  of  the  oil  may  be  cibtaiaed 
of  a  yvllowi&li  Uqiud  which  ia  ligliter  tb«a  wnter.  and  «b 
treated  with  chloride  of  calviura,  and    aubsetju' 
frsgiiieiiits  of  potasuum,  runiish»   xiure   culphiu^  ...   Jljl 
crude  oil  appeun  to  coutaiu  iKirtioiia  of  oxide  of  ali*l,  i 
higher  snlpliiirettcd  compoimd  of  all^l,  which  boooiaai  ' 
during  the  distillation. 

The  eneace  c/  assafaetiela  ooutains   a   larger 
sulphur  than  that  of  garlic  ;  it  evolves  sulpbureltod  hjd 
taueously,  and  catiQOt  be  redistilled  witboat  uimI 
po&itioD. 

(1285)   5i.;^/.oeyfl«iVc  0/ y(//y/ (C,Hj,C,N'S,} :  Sp., 
roco;  0/  vapour  y ^4. — This  compound  roitbtiliitca 
portiou  of  the  essential  oil  of  mustard,  from  which  it 
taincd  in  a  state  of  puntj-  by  umjile  redintiltatioai  iHii 
frees  the  eiseuce  from  a  brown  ruiiioua  matter  mtli 
usually  coutaminatcd.     The  pungency  nf  the  \v 
scurvy  gra>>Sj  and  of  one  or  two  other  allied   plaiiu  b  1 
the  Bulpho4<;raTiidc  of  allvl.     Bcrthehl  aud  Dc  Luca 
teresting  olwcrvntion  that  when  iodide  of  ally)   is 
fiilphocjauide   of  ])vta»ti(i  m,  uu   oil    is    fonnod  identio 
chief  constituent  of  c&s^^uce  of  luualard — on  ot 
afibrded  the   first  indicatioii  of  the  iutimate  rslat 
hctwceu  the  aJlylto  serin  lud  that  of  glycerin : 


^1. 


ptXUh 


mi 


C,II,I  +  K,C,>!S,  =  C,Hj,C,NS,+  KI. 

The  seeds  both  of  the  blatdf  and  of  thr 
by  L-ipre8»ton  a  large  quantity  of  a  bland  :     . 
not  eootain  any  rasential  oil  rcndy  runned ;  while  ni' 
Dot  yield  tbe  mlphocyauide  of  allyL*     Tfae  black  tn 


*  According;  Ici  Baho  ami  Himi'Llirunn 
inl{ihocyniuU  oT  a  peculiar  alb  nil ,  t<Tinc>J 
whrn  H^tcil  ujKin  by  liyilrnlr  orpotatli  or 
S«id,  and  a  nvn  slkali,  l«rciiv<l  tiataliiu.  in 
ii>wini;  cquatioot  a<Joi>liD£  the  altrmi  fonuuikCj(U^(i^  ftBf 
Iiordt:  — 

tf„R,NO,„+  J  (KO.HO)  =  t  ft. .,. 
As  MinKiiai  lOluUoa  of  Min>]>iDo  hu  an 
saaaut  be  iiohted  ta a  pare  eooditku  awia^  ;>>  \-<  ucii;ij  tm 
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•VLrOOCTAXtDI   or   AU.TI.— «II(AriC   ACID.  581 

Itains  tbc  potnali  salt  of  a  compound  termed  myroKte 
cb  U  fiuscrpiittlc  of  a  dccomposittOD  Qnulogous  to  tbut 
»J  by  arnygdnliu.  This  ilccoinpoaitioo  i»  uot  effected 
I  LTUfihed  sect!  ts  moistcuot  with  vratcr  ;  a  iwculioriuotiscd 
l.concaiucd  in  the  aced,  aad  sualoguus  tu  tbt-  srnaiitaac  of 
1,  u  tliUB  brought  into  action,  and  the  esaenlial  oil  is 

and   Lniigc  {Kmp'a  CeatratShtt,   1861,  p.  149)  oL- 
lp«rt  of  tnyronato  of  potash  from  joo  of  black  mustard^ 
ID  colourless  brilliant  ncccllct;  and  According  to  their 
[tliia  sail  consists  of  KO,Cj,.n,„>;S^0„  :  it  sylits  into  oil 
vtigar,  aiul  probably'  also  into  bisulphite  of  potash, 
the  elements  of  «al«r,  a»  follows : — 

tip'— ti.  OU  ofBOrtMid.  UlBOotr. 

,7NS,o;;+UO=K0,liO,S,0,+CA^C^,+C~H,.O„. 

^oce  of  tuuscanl  ia  a  cotoiirlesti  oil  of  a  burning  and 
'^pmct rating  odour,  which  produces  a  copious  How  of  tears, 
be  applii'il  to  tlic  Hnrfaoc  of  the   Ixidv,  it  »|K-^-dily 
Iter  upon  thf  part.     Knseiicc  of  mustard  in  Noluble  ia 
)Ds  ia  alcohol,  and  in  ether,  but  very  sparingly  bo  iu 
tpo4cd  to  the  air  ii  absorbs  oxygon  and  becomes  brown. 
e&seiicc  bniU  at  2gS^  j  when  hot  it  distolves  lioth 
phosphorus  iu  considerable  quuutitiot,  but,  us  the 
>l,  tbc»c  bodies  arc  again   depoeited  in  crystals.      Oil 
coti  be  converted  into  esKOce  of  garlic  by  heating  it 
>urs  iu  a  sealed  lube,  with  aulptiide  of  potassium,  at  a 
of  ajO°:— 


it  forma  cfjrnUlUublB  ults.     The  hyJro-su1pliocyKnal«  is  vx- 

while  situunJ,  iilW  tmtiag  tite  drivil  fl'^ur  BUM'vosively  with. 

iluiir  skvbol  w  mnoTc  Lhe  Sicd  oil  luid  coluuriDi;  niaUcr,  ami 

"I' in  alooUol  of  s|i.  Kf.  b'835.  Aft«rthe(olution))a8boea 

il  by  aTiipornti-:<ii.  tlio  mU  ia  depotiW  in  crjiiljilti  aa. 

;tiit  ■olution  of  iliin  skk  he  inix«J  irith  nn  alknli,  it 

._  vW  jellow  ec>1i>ur,  kud  on   boiling  the  MlattOU,  uid  sulise* 

,  hy  urochloric  acid  ia  sJiifbl  exetnt,  tiiiopic  acid  udvpoaitcd. 

I  be  lued  to  dtwmpoae  the  sail  of  Kliiaiitui',  the  linapic  arid  is 

~B  tnsoInb]«  niiApats  of  turjU.  briI  nuknlino  may  b«*  abtaiiif^il 

I,      Sinnpic  B<.-id  crysliillizrii  in  iiridma  -,   it  in  tpiirini;ly  fclublo 

ry  ■alnblr  in  boiling  ftlnobol,  and   inautubk-  in  «4h«r-,  it  fuava 

■iMire  jWs  niuic  acid  diwolvee  il,  and  pnidacM  aa  iulctuK' 

i(>d  in  deliquescent  crystals,  which  absorb  oar- 

.  a  iHXN'prful  l>aiK'.  but  readily  undergoes  deoora- 

Lii:li^-'rMli-  »f  pUtiniim   it   fonna  B  nagniitccnt  doul)l«  salt, 

~    in    vniDgC'Tvloitrt'd  six-»id«d    priauu   (C^IIkNi'iiUCIi 


■•i<Lai>?(A.UIMB — CENMAMIKK^^IKAroUSt. 


L  ut  tiiustanl  combtucs  ftt  once  with  ktnti 
J  Li.iiu^iiud  wliicb  ciitcTA  into  direct  cOQibiuatioa ' 
.  '.me  orpinic  base  ;  from  itn  origiD  tbis  compoi 
lonani  thJMhmamiae : — 


Tttkainnaminc  corrcspoDds  to  the  urea  of  the  allyl  serio, 
1  oituTiUeuts  of  sulphur  are  present  instead  of  3  eqnin 
■aysou.  Sulphocjanide  of  alWl  also  uuttes  with  otbrt 
m  ethjrliB,  aniline,  and  naphtbalidine,  nud  foraiE  witb  tbi 
pouods  analogous  to  thiosiuntmine. 

If  thio»innainiue  be  triturated  with  red  oxide  of  mam 
aiwl  sulphidu  of  mercury  arc  formed,  and    a   netr  base 
iiee  from  sulphur,  termed  sinnamiw,  is  obtained  .• — 

Thusliinuiiia.  StnnaMiM. 

Oxide  of  tcu)  produces  a  aimtlar  docompositiou. 

Siunaminc  baa  been   regarded  m  a  comiiound  an 
vrhieb  one  equivalent  of  Lvdrogen  haa  been  displaced  bf  i 
a  second  ei|»iraleiit  b^'  c^^auogeu,  tbut : — 


"1 


or  tyanaU^He. 


Siniinmiue  is  soluble  in  vater,  and  may  be  obtAiDcd  in 
crT^tals.     It  is  a  powerful  ba^u,  aad  expels  ammoota 
aaJta.      It  occasions  precipitates  in  solutions  uf   lead,  of 
of  copper.     The  oxalate  ia  the  ouly  salt  of  Biuoamitie 
taltiEcs  readily  ;  aolutions  of  the  salts  of  ainnamiue  «bie 

.  exccM  of  acid  irajwrt  a  yellow  colour  to  s  slip  nf  desL  : 
(1287)  Sii«a;wyiji«  (C„H,jK,0,=  140),— This  ham 
formed  by  digesting  essence  of  mustard  upon  liyci 
tvod:— 

a  l',U,X8,+6  (P1)0.nO)  «C„H,^,0,+4  Pb8-(-3  PMJ.C 

btU  it  may  also  be  produced  by  tbc  nction  of  water 
t^sDic  etlicrr,  iihii^h  will  he  immediuicly  di 
ft    '  - 'I'-   base  which  cryBtalhzes  from  it<*  ?< 
*■  .;rpa«y  flskcs  :  it  fkiscs  Wow  a  I  3*.      I 

'  H  pri-cipiinte  iu  solutioni  of  cornmro  fubti 
.i<\v.i.u-  uf  platinum. 


ALLrUCYANIC    miKK ALLYLI.l. 
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Ilofaiatm  and  Cahoora  have  aUo  obtained  a  varictr  o( 

allylic  ctiicrs.  Tlic«e  bodies  luve  au  ctlicrenl  odour 
»lb  titnt  of  Diuiilard.  The  tnoat  iutereatiug  of  ibcin  aro 
tc  aud  tbe  cvanatc.     AKyl-eyanic  tther  or  cyaKate  uj 

jO.CgNOj  Sp.  jfr.  ((f  vapour  3-045),  19  prcjHired  Ijy 
00  cyanatc  uf  silver  tritli  iodide  of  altyl;  the  heat  feae* 
the  reaction  is  niitricicut  lo  cause  Iho  dislillatioii  of  the 
tint  iodide  of  silver  n-maiDB  iu  tlie  retort.  A  colonrlc«w 
tlina  obtatiir<l  which  bails  at  180";  ita  vapour  pOiueases 
M.t>'  |>ci)etratiiig  odour,  aud  ])roduccs  a  copious  Dov  of 
Then  this  ether  is  gcntlj  warmed  nith  11  solution  of  nm- 

is  di«9olved,  and  the  aolutioD  od  evaporation  dcjiosit^ 
ent  crjrslals  of  allelic  urea: — 

.ding  crjataltine  compounds  mav  be  obtained  if  niethyha, 
tiavliB,  or  ouiliiic  be  substituted  for  ammonia.     ^Vhcu 

tc  ether  is  treated  with  water,  carlwnic  acid  if  e1inn> 
and    tbe    ettier     ta     ilovrly    converted    into    ainapolitu 

^   .  wliicli  by  its  production  in  this  matincr  is  sliowu  to 


AJIrUjMinMlwr. 


BiMpoliaci. 


a  (C.HjO.CpJO) +H/>,  =  H,(C,H.),N,,C,0,+  C,0,. 

9)  Afiyliu. — A  concentrated  liolutioii  of  potaflli  dccoi»]Ki8t-s 
Die  ether  ;  sinapoliiic  is  funned,  and  if  the  liquid  be  di9- 
'/jlUa,  a  l>:kftic  sniutatice  which  boils  between  556°  and  374°, 
iTer,  mixed  with  mcthvha  aud  tritylin.  Allylia  i»  the 
■Ikali  of  ihc  allelic  scries,  which  cvrixr«|)Otids  to  ctliylia  in 
Kc  aeries . — 

<■,  .     .^o+3CKO,no)=crn.,iv<-t-3Ko,CjO,. 

fallowing  taUu  girea  a  avnoptic  view  of  the  principal 
la  to  the  ailvlic  series: — 


.    .    .  C,H..C,IT, 

ubol    .  C.H.O.lKf 

.  C,U,0,C-.H,0 

•*    '  c,H»o.c,n,o 


•^J     C.1I.AN9, 


SolpUalljiio  acid    HO,Ctn.O,S.O, 
AlIyl.ox.Iic      },c.H.O.CA 


cUinr  \ 

AlljUa      .    .    . 

(Binnmninc)  ) 
Alivl-una     .    . 
Dutlljl-urfft     ) 

(sin»poliii«)  > 


H,(C,H,)^-,.C,0, 


nrra 

(iliionaam* 

Acrolein 

(•rrj'lin  aj. 

jelled) 
Aerobe  Acid  . 
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§  II.  RMixa. 

(1290]  Tbcsc  suWances  are  pmilucoci  bj  certain  Inl 
planta  iu  eonsidorablc  alnimlmice,  aud  they  nlMt  are  very  as 
Tbcy  iiavc  a  coiisidcroblc  ooiDUicnTiiU  vdIuc,  aod  %ic  cat 
cmplovcd  ill  the  pn^ratioD  of  tlie  diflerctit    kinds  of 
They  are  generally  obtainpd  by  niakiiig  incisions  into  tbc 
trees  whicb  produce  tlicm,  nhen  tticy  CKiidc  la  tbc  Tor 
liqiitdj  consisting   of  the    renin   in   solution   iu     tlie 
of  the  plant.     Ill  the  majority  of  cu»c«  they  arc  forf 
oxidation  of  the  C!v«utia]  oils  oontuincil    in   tlio  trc 
w    not  Kiirprifiing  tbnt   iii    many  iiiktimoL-s   they  ItaTC 
sition  of  oxidos  of  the  hydrocarbon  C^H,^,  or  of  a 
derived  from  this,  having  loot  a  certain  number  of 
hydrogtin  in  exchange  for  an  eqnal  minaher  of  atoms 

As  a  ch9*,  the  roMna  ni-i>  insoluble  in  water,  but  the 
in  alcohol,  especially  wbeu  beatat  with  it;  mniiy  of 
ohtaiiict]  from  this  eolution   la   crystal*  by  cvapomttd 
sidcrabte  number  of  tbem   poaacM  acid  ehamctcm,  it 
tlicir  aleolmlic  solutions  r^ddca  lilntus.     'llic  aeirl 
with  the  alkalies,  and  remain  soluble  in  alkaline  leys  ; 
lions,    when    agitated,  produce  a  lather   Uke  that 
aoap,  but  they  are  uot  precipitated  like  ordiunry  Mup 
tioa  of  chloride  of  eodium.     Like  the  e»cnii«)    oil 
resin*  are  usually  mixture*  of  two  or  more  renins,  whi^l 
of  Beparutiou  by  their  uu«)ual  BoluhJIity  in  diflin«nt 

Tbc  resins  are  trausparent  or  traDslacenl  brittle 
are  iimilnton  of  electricity,  ami  beeoine  uc^tifely  dc 
tion  ;  tbey  fu&e  nt  a  modcrato  tempernture,  are  Tcry 
iuid  bum  with  a  itlutc  smoky  Hsoic.      If  brJilcd  ia 
they  undergo deeomponitioti,  miil  yield  mrioiia  fomiaj 

Coinmoii  rusin  is  thus  found  to  furiii»h  the  fo| 
among  otbcra  which  have  been  \esa  pcrrtvtly  iii»€ 

•  Mr.  Utinl  liat  rwratly  motrivod  a  nwil 
a  I'tirr.   ,;     '         irticatn!  (U-am.  liy  nliii-li  nieajiit  !ir  ■.•_ 
"I*  */  Uiciio  •lidervnl  rvrw^oi  ovkls  oa  a  twjj 
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InlitliAOP  Toluol 


r«md»        hlUag  gotmf  r. 


■phlhilio 


330° 

326" 

460° 
617" 


o-a6 

o-Sj 


4-8i 


3'3 
711 


1)    CofHMon  Ho^ia  or   Vfilophmtf. — WLen    orJiuary  lor- 

diatilled  with  water,  it  leaves  a  reiuluc  orru»in  ftmouiit- 

sin  75  (o  90  i»er  ccut.  or  the  turpeutiiie  employed.     There 

icilMil  kiuclB  orrmiiiin  the  market,  a  bronii  anil  «  wliite 

1»e  brown  vari<'lj-  is  rurni.tlieiil  by  tlic  Pinua  atira  ;  it  n  an 

lourtMl    brittle  soliil.  wlik-b  coosislii  of  two  ilisliiict  but 

radnoos    acids,  tho   rjr'Vic   aod   pin'tc   (HO,C„H},0j; 

Culd  alcoliol  ("i'-gr. 087)  di^nulveK thcpinicacidj  which 

larger  proportion  of  the  rcaiii,  aud  leaves  it  on  evaporn- 

amorphous  iins».     U  may  be  purified  from  ttdheriti;^ 

a  ni-iitr^  reHin  hy  |trtxipilutiitg  its  solution  iucutd  ak-ohul 

Hitiuu  of  an  alcoholic  solutiaa  of  ncctntc  of  copper.     The 

copper   thus  prcdpilated  maj  then  i)c  dcvompoiscd  hy 

Wlicn  pinicactd  U  hcaUrd  to  partial  dccoiupositioii,  tha 

lite  retort  is  foutid  to  consist  of  another  iiorueric  resinous 

\  cfiiopbolic  ;  it  neutral  iii;)t  bast's  more  perfectly  ihau  pintc 

u  mitch  U-'ts  soluble  in  alcohol  (Uuvcrdorbcii). 

lollicr  conntituciit  of  roniti,  irylvic  odd,  may  ))c  ofitnined 

itutioit  in  liut  alcohui,  iu  colourless  rhombic  prisms  or 

riblc  (it  260°.     Ita  ethereal  wlutioii  exp«l8  carbonic  acid 

:alkiLi'n«  Cnrbonate*.      It  fonus  nith  o\idu  of  lead  n  salt 

»ialliiM»  iu  sleDdtir  four.sided  ueedles. 

fit  gulipQt  is  obtained  from  Borilcaux  turpciitiiic, 
.iit:  PtHUs  maritinui,  and  consists  slmost  ciitiri^ly  of 
10,   tlie  pimaric,  which  is  isomeric  with  the  pre<e(liu<;;. 
IBiiy  be  e&tractcd  by  rcmovii)g  from  the  pondered  rcsia 
which  arc  soluble  in  n  mixture  of  six  pai'ts  of  euld 
one  of  ether:  the  residue,   if  trentcci   nitb  boiling 
Mt)f  piiiiaric  acid  as   it  cools.     AVlieii  the  alcoholic 
^pimaric  iicld   Is   uvaporatcil,   tlic  acid  is  dcpostited  in 
ttnctly  eryHtftJIixed.     If  this  acid  \vi  melted  and  allowed 
Ik  a  calourlcsft  ^lass  as  clear  as  crystiil :  thi»  melted 
>wdered  is  di»solved  by  an  cqatd  weight  of  alcohol,  hut 


^ 
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tlic  tolutiou  thus  obtained,  if  left  for  a  fev-nHonte*, 
to  ilcjiosit  dtiptical  crysliils,  nhicb  require  for  sola 
their  weight  of  alcohol,  nnd  po««<W"  all  the  prit(><.-rtia 
acid  before  fusion.     Pimnric  acid  is  frt-ely  soluhlr  in 
it  Ik  distilled  in  re&»eU  from  irhicli  air  is  excluded, 
18  fonnd  to  oon&ist  principally  of   nnollicr  iximi-ric 
pyrwiarie  acid,  disitinguishcd  by  formiug  with  lejui  a 
crj-stallizcs  iu  dehcate  uccdics.      I'yromaric  tcid, 
Gvrliardt,  is  identical  witli  sylvic  acid. 

Ordinary  ro^in  is  dissotrcd  oompletcly  hv  oik 
enters  iitrgely  iuto  the  formatian  of  yL-Ilow  soap. 

If  nitric  acid  be  boiled  upon  ordinary  rosin,  the 
oxidixed  and  i)i$«ulvc<l,  and  on  «vaiK>rntiii{,-  Die  itoIutioQ 
sisti-ucu  of  a  syru]),  it  deposits  when  left  to  itself  for 
email  four-&idcd  prisma  with  an  obliqu«  tcrmitial  face. 
Btftnoe  is  named  terebic  etid  (HO,C,  JI„0.).  It 
Bolublc  in  oold  nnter,  bat  much  more  sulutilc  in  boili 
well  as  iu  alcohol  autl  ether;  it  rcqairca a  high  tempe 
fu»)on,  and  is  decomposed  at  about  400*^. 

(iigi)   Vamhhet. — The  reaius  most  cxtciiaivcly 
the  preparation  of  the   difrL-reut  kinds  of  vamiah 
copal  (fiom  the  Ilt/meiiaa  vfrrveoaa  ?),  mnstich  (fruot 
cMa    frnli»at»),  eaudanch    (from  the  Jtmipn^uti  ro, 
and  occaaionally  thuKC  of  clcmi  aud  onime.     Copal  ia  a  h: 
colourIe)>a,  transpnrciit  resiu,  which  ia  dissotrcd  nith 
the  Htatc  iu  which  it  is  imported  ;  but  if  powdered  ai 
tlic  air  for  some  wccka,  or  if  fused  bu  as  to  cuabtc 
oxygen,  it  ia  nioro  readily  attncVed  by  solveots. 

The  eolventi  employed  iu  preparing  vamtabes 
pcntiiic,  vood  iinphtha  and  spirit  of  wine  ;  ttic  reaa 
added   to  the  solveut  ninxt  be  pulverized,  and   &! 
with  broken  glass  io  order  to  prevcDt  the  poitdi;r  fro 
tiog  into  lumps.     AVlieo  the  vsniiah  i^  sprend  orer 
Buy  object  which  it  is  intended  to  protect,  the  — '•  ■• 
and  leaver  a  ihiu  tranapaieut  coating  of  re*ia. 
DtHlies  dry  the  most  rapidly,  but  they  arc  apt  to 
off.     Tim  defect  is  partially  remedied  in  tlie  tur| 
which  dry  more  slowly  ;  mid  it  i»  still  more  cfft^et 
irUttt  are  termed  oil  vumishcs,  iu  whicli  »  amall  i|U 
drying  oil,  ^uch  as  that  of  liiinccd  or  of  ]—■;■■■    -a 
solution   in   rectified   liirpeniinc:    lhe»o  >.i 
sidcrnijlo  time  for  uomp)i>'.c  liarduiiiitc.  but  th' 
The  ooinmOD  rornish  mcd  for  oil  pamtiDg*  a..  .  ■..mi 
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of  maatio,  3  uf  Vcoicc  turpi-atinG,  aotl  I  of  catnplior; 
[ftra  mtx<^  uitb  to  parts  of  pouiiJcd  glaas,  oud  dUwlvcil  in 
Inctilicd  oil  of  turpciitittc. 

{}    GrAtAcrif    TCfau.    is   tlie  exudation  of  the   Gnaiaeum 

It  is  of  a  dark  grconisli-brown  colour,  and  is  readily 

It  ba3  a  tostt*  wliicli  i«  at  firfit  Blight,  but  aftfrnards 

acrid  uat\  hot ;  its  oduur  i»  fcchlo,  but  rxscmblcs   tliat  of 

Alcobot  diiisolvcs  ihe  greater  part  of  thia  rrsin ;  etticr 

tdtasolTe  it  so  cum[ilcldy,  and  it  is  insoluble  iu  the  lUcd  oila. 

freelr  solabl«  in  u  Holutionof  potusliaml  in  oil  of  vitriol. 

liolic  tiucture  riclds  a  blue  precipitate  when  acted  ou  by 

with  sulphuric  acid  it  gives  a  green  precipitate.     >Vhiic 

DD   stained   witJi   tiiicttirc  of  gunincum   acqutrc*   »  pale 

ttiil ;  and  if  tliiB   be  ox[>o«cd  to  the  more  refriiugiblc  rays 

t*ol&r  »pccirimi,  it  beconm  of  a  liiic  hlue  or  grceuisL-blue 

!nic  piil«  yellow  tint  is  restored  wlicu  the  altered  paper 

ill  the  less  refi-angiblo  porttou  of  tlicvpcctmm,  or  when 

heal  i«  npplietl  to  it.     Tliis  n;«turatiou  of  tho  wlour  de- 

upou  the  alsorptiou  of  oxygen  :  pondered  guaiacum  when 

to  the  air  at»orbi  oxjgcii  and   ItccoiiiCK  gm^ii.      Fuming 

Qcl  diBOlves  the  renin   and  a(;qiiires  a  gret'ii  colour;  if  a 

ilily  of  water  hu  added,  a  green  precipitate  \»  formed, 

tioQ  becomes  blue,  but  the  addition  of  a  larger  quao- 

readcrs  the  precipitate  blue  and  the  solution  brown. 

of  giiiiiacDni  appears  10  connist  of  tnro  distinct  resinous 

of  which,  guaiacic  acid  (HO,C|jII.O.  ;   Dcvillc),  may  be 

I  from  its  alcoholic  eoIutioti,cryKtaItized  in  bcDUttful  needles, 

freely  itoluble  in  water. 

i4niit)  ruin  mcJts  at  a  moderate  heat,  and  beglim  to  undergo 

sitiou  at  about  600".     Amongst  tlic  products  of  its  de- 

iliktillatiou    Deville   cnumerateii    three    dcHnitc    com* 

■J.  A  light  rolttilc  oil,  (/uaiacene  {C^glX^O^),  of  »p.  gr. 

tt  Ixjila  nt  144°,  giviug  oQ'  a  va[]our  of  sp.  gr.  3*93,  and  it 

Imrygen  fioiu  the  air,  forming  a  beautiful  crystalliue  eom- 

1. — A  TolatUc  compound,  jitfrogaaiann  (Cj^H^Oj,  which 

hi  pearly  ncale*.     And,  3 — An  oil  heavier  than  water, 

fftridi  pf  guaiacpl  (C^IIbOJ  ;  this  liquid  boils  at  abouC 

'  a  vapour  ot ^t.  gr.  449.     It  is  «olublo  in  alcoholj 

■••a  aLiii,  but  nut  in  water. 

r. — One  of  the  most  valuable  of  the  rcaius  is  lac, 

ill  commerce  under  three  distinct  forms;  viz.,  as 

J-taCf    and    *heii-tac.     This  resla   cxudut   fioiu    the 
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brancbcA  of  sctcral  trees  ia  tropical  climates,  and  ia  pirticoUr 
from  the  Ficua  tni/ira,  Ficut  religiom,  and  Rhamnva  jfjitha,  iii  con- 
BOqnence  of  tlie  punctures  of  tlie  female  of  n  small  inaecloflla 
cocliiinral  tritir,  the  Coccus  ficut ;  llie  resinous  juic*  wliicli  exude* 
bardeus  over  the  iutwcts.     The  roung  shoots  wbco  cutoff,  co^-crvil 
«ith  tliP  rc«in,  and  ciiclusiiig  the  oocx^i,  constitute  stict-lar.     TtaH 
crude  sLick-lac  in  thrn  hriiisctl,  and  the  fragmeuts  of  ihc  bnuictiM 
are  removed ;  after  -which  the  r«MQotia  mass  is  digested  in  a  **^| 
Mliitiou  of  c&rboiiatc  of  leotln,  by  which  ineiLiis  a  rod  colouriifl 
matlur  coatninixl  in  thi-  iiim^ta  is  otractLtl.      This  material  is  nofl 
extensively  u<tecl  aa  a  dye,  aud  lias  largely  displaced   the  moro  t^M 
pcn:iivc  cochineal.     The  residue  wliich  is  insoluble  in  the  alkaliiH 
ley,  forms  thi;  commercinl  9eed*lin:.     When  this  is  raettcd.stniocfl 
through  a  long  cottoa  hitg,  and  the  viscous  resin  while  soft  com- 1 
prctsAt-d  into  flat  sheets,  betwecu  loaves  or  stones,  it  Ibrms  the  italj  I 
purilied   mass  which  is  sold  under  the  name  of  »htll-lac.     Tbil  I 
i-esiu  appears  to  consist  of  a  laiitare  of  four  or  five  distinct  oom*  J 
pounds,  One  of  which  is  acid  and  ma^  l>c  ohtaincd  in  crystal*,  sod  I 
according  t(i  U  n^crdorbcn,  it  also  contain'!  Imth  oleic  and  niargark  1 
(palmitic)  ucids.     It  is  soluble  in  an  oqueouB  solution  of  lH>Rt:i,  b;  ] 
vhidt   it   may  be  di:<tiii]t;iii»hc<l   from   nwjst   commoti    rcsius  witb   I 
vhtcb  it  is  Huinetimes  adulterated.  j 

Lac  ia  extensively  used  as  a  stiflcning  for  hats^  and  it  fotafl 
the  jirincipal  i-otiKt itueiit  of  the  WtU-r  kittds  of  sejiling-wiu.  BcH 
BCaling-nax  ovrea  its  brilliant  culour  to  vermilion  ;  4.8  parts  wl 
aliclMac^  13  of  Venetian  turpcutiiic,  1  part  of  balsam  ^  Pcni, 
nichral  at  a  gentle  heat,  aud  incorporated  with  36  parts  of  vcrtni* 
lion,  furiiisbca  red  sealing- wns  of  the  best  quality  (Lowig).  Whaj 
Ibc  is  mixed  with  half  its  weight  of  utuduracli,  and  a  snuill  rjnanti  A 
of  Venice  turpentine,  it  fornis  with  10  or  13  pitrta  of  alculiul  fl 
vaniisli,  tecliiiioitlly  termed  laryuer,  wbiidi  Is  mueb  employed  fifl 
heightening  the  colour  of  brass  and  brouxod  articles.  S 

(1393)   Balhams. — The  soft  viscous  rcains  which  consist  ofl^ 
large  mixture  of  eii»entiul  oil  with  the  resin,  are  termed  bal»ans; 
such,  for  example,  as  balsam  of  copaiba,  and  balaam  of  Canada. 
Some  of  tlicm  cuntain  in  addition  benxoic  or  cinnatuic   acid,  u 
in  the  enic  of  the  baUnms  of  bcnuuin,  totu,  Ftorax,  and  Peru. 

Balsam  of  Copaiba  is  olrtaincd  from  sevonl  apecice  of  Co^Nn- 
Jcra.  It  consists  of  ai  volatile  essential  oil  isomeric  nith  oil  of 
turpentine  i  n  resinous  acid,  capivic  acid  C^H,„Oy  isomi-iic  with 
pinic  add  ;  and  a  viscous  neulrnl  resin.  BaUam  0/ Canada  is  the 
nearly  colourless  liiiuid  resin  of  the  Pinus  baltamea. 

(iiy6)  Ocx  UesiNs  are  the  milky  juioesof  many  plants,  aoBfa 
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dlfic(3  hf  exposure  io  air.  Tlicj  conust  cliitHly  of  the  pecnluur 
Trains  and  ess«jitial  oils  of  the  plants,  mixcit  with  a  large  proportion 
of  ^um;  coiiwqutiitly  they  produce  when  rubbed  up  with  water, 
m  tnilkf-Iooking  liquid,  or  rmiilfiion,  the  gum  becoming  dissolved, 
tad  retaining  the  re»in  aiiH  nit  iii  atuiieiisioii.  Dilute  alcohol  Aitr- 
wires  the  glim  rcsios  in  (rrcat  mcnsure,  as  do  also  weak  alkiiJijie 
lolutions.  The  gum  resins  form  a  numerous  and  importaut  class 
oFmcdii^inal  remodiea.  Animoiiianiini,  aHs£fa:tida,aloe«,cupliorl)ium, 
gtlbtnum,  gambo<;c,  mrrrh,  olibaaum,  and  scammony,  all  belong 

tthiH  class  of  bodiejt. 
(1297)  Amdkii.— Some  fossil  »ubstaiice«  npproneh  more  closely 
the  reftiDH  than  to  any  other  cla^s  of  compouiuU;  nf  tlie-^,  one 
of  the  moHt  important  is  amber.     It  is  a  liglit-yellow,  transparent 
fcnbatancc,  with  a  dcutiitr  generally  u  little  greater  than  that  of 
Iter.      It*  proporiy  of  becoming  electric  by  friction  i»  fiitiiilinrlv 
)iru.     It  oectir;?  ufleu  in  beds  of  wood  coal,  but  ih  chiefly  funitil 
'StWtDs,  oa  the  coasts  of  the  Baltic,  between  Koiiigsberg  and 
Krmel.      A.nibcr  coiiKints  of  a  mixture  of  «cveral  reHinoii:*  bodies, 
jdiich  have  not  l)ecu  accurately  exnmiucd  ;  about  ouc-eigbth  of  it<i 
Hight  is  soluble  in  alcohol,  and  about  onc-tcnth  of  it  in  soluble 
TO  ether.    If  hcatwl  in  cloned  vessel*  it  melt-*,  givc»«  ofl'  succinic  acid, 
water,  aud  a  peculiar  empyrcumatic  oil,  which  canmts  of  a  mixture 
of  several  hydrocarbona  haring  aearly  the  same  compoMtion  aa  oil 
of  turpetiliiie.     TJiCBiicciitica«i(l  appear*  to  bo  fitrninhed  eolely  by 
^at  portion  of  the  re»iii  which  id  soluble  in  ether  (Sell rotter).      A 
Hiall  ijuantity  of  itucciuic  acid  exists  ready  formed  iu  the  re«in, 
Bil  cau  be  extracted  by  digesting  pondorcO  amber  in  au  alkaline 
POntiou.     The  cmpyreuinatic  oil  i»  furuiabed  principally   by  the 
Ittuminous  portion,  which  is  insoluble  iu  ether  and  in  alcohol. 
Atubcr,  when  treated  with  uitric  acid,  is  gradually  cli»solved;  suc- 
cinic acid  crystallizes  from   the  iioLiition  wketi  cuncciitriitcd,  and 
ordinnry  camphor  is  fouud  in  the  distillate. 

(1198)  Caoutcuoix  or  Iniiian-ruhfjer  [xCM^]-.  'Sp.gr.  from 
n  to  c^. — This  substance  occurs  in  samU  ipiantiti<^«  in  the 
cea  of  many  plants,  particularly  of  the  UrticacefP,  Snphorbiaeea, 
Ap0cyttai:t€B.  Iti<  aviiilablc  supply,  however,  ie  the  spouta< 
ily  solidified  milky  juice  of  the  llarwa  elvflica,  Jairopha 
tiea,  aud  acme  other  tropical  plants.  As  first  procured  by 
cisiona  into  the  stem  of  the  plant,  it  nppears  as  a  yellowish 
ilky  Haiti  which,  iu  addition  to  caoutcliotic,  contains  albumen; 
albumen  occasions  the  juice  on  being  boiled  to  coagulate. 
'Wlieu  Iho  fresli  juice  is  exposal  totlie  air  iu  tbiu  films,  it  speedily 
dries,  aud  haiduus  iiito  etft^tic  Inyora  of  browuisb  yellow  oaout- 
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thane     Tbe  eoootchouc  u  not  dlssc^rcd  hi  t 

tiMpcoilcd  io  it,  oocl  nlicn  the  liquid  b  dtl 

to  tlie  Hurrncc  like  cream  ;  vbcn  oac«  bcoo 

Bgoin  iw  dilTuwd  tltrougU  water.      Coniroe 

tl)e  mode  of  its  prpparation,   retains  the  &] 

stitnente  of  tl>c  jtiiw,  but  pure  caoutchouc 

hrdfocarbon  (K&raday).     In  ita  solid  cond 

pbalie,  cspeciallr  when  warm.     Ait1tc>u>!h  i 

iioFtRi>«  coiisiilrrnblv  in  this  liqnid  at  the  bo' 

ii  lh*rehy  rcndcrtj  more  caViIy  acted  ui>on  h 

Caoutchnnc  may  be  prcuervwl  unaltered  for  in 

cliidal  from  the  Hi;ht,  hat  if  exposed  in  the 

diffused  da^ligbt  it  gnuIunJiy  absorl»  oxr^n  i 

ittto  a  riscid  a\n»»  wbicli  bas  lost  its  elasti 

alroboL     Alkaliuc  eolations  arc  witlioiit  el 

V.vm  chlorine  attacks  it  very  »]<iwljr ;   courcn 

jiburic  ncids  dccompcwp  it,  Ijut  whrn  dt<ntr>  t 

The  pmper  eolrcuU  of  caoutchouc  are 

form,  bisulphide  of  carbon,  coal  nagthths,  aad 

tint*.     In  lhi>>c  Itiiiiiils  it  first  awclls   up  • 

crcutually  fornu  a  ropy  liijuid,  irhich  ou  en 

cnoiitchoiic  with  iU  original  claMiciir.      T)im 

Bcvoiiiit  ill  the  niamifaclun.'  of  mrioui  watM 

articlcK.     Awrording  t*i  Paycn,  caoiitcliutK'  ca 

one  of  whicb  la  soluble  in  the  liquids  above 

other  portion  mcroly  raftcns  and  &w«ll9  np. 

true  solutiuu.     Caoulclmoc  is  aim  dissolred 

its  rbwticity  is  thereby  deatnrtwl.      Wnicrp: 

by  Mnii*liing  one  sarfofw  of  a  fabric  con»tr 

\ntli  n  Boluvion  of  caoutchouc,  then  ImnRing 

a  wcond  aheet  similarly  prepared,  and  pas- 

bftwecn  rollMT*.     The  freshly  cut  edge-  cr 

caoutchouc  cohere  rundily  ;  this  property, 

c'nMiritv,   ••T-''i(T  with   its   power   of    fcsi 

u^-i'iiL^,  t         .     -I  iitTaltifeble  iu  tlio  latMiratui 

1  li'!-^  anil  joiutfi,  aaHlio  conucctinga 

tijflit  mMrncr     r-  ■  t  ■'  

uricr  it  has  been 

a  sticky  mus  wliidi  doe*  not  btv  t 

!■ 
I 
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|atU1eil  ill  eloaed  vessels,  eaoutcboac  rornisbea  a  mi.t> 
difloreut  bjdrocarbons  of  the   general    formula 

tfa(!  tnnsl  Tolntile  of  |thes»  WiUiium  lias  given  the  namo 

(C|,.l!^)  :  Sp.  fff.  6;iifjmd  0'6833  ;  of  vopour  2*43  ; 

pi.    ^y'.  —  It   n-maiiis  lii|tiitl  at  very   low  temperatures. 

rucarl)Oii  slonly  ahsortu  oxv{;eu  when  cxposci)  to  the  air, 

n^  v'ucitlj  ami  acijiiiriug  the  puwcr  of  blesching  a  solutiou  of 

idtgo.      If  iu  this  ststc  it  tic  Kubmittvd  to  careful  disti!- 

1 :...i)ged  isoprpne  pnswa  over,  and  at  a  particular  stage,  the 

Ifat  nf  till'  retort  Middeuly  thicken,  and  bcromc  conTerlcd  into 
spongy  cliistic  tnaw,  consisting  of  C^H„jO. 
.......iiur  of  these  hydrocarl>ons  which  has exac^tly  dniihle  the 

of  tBO[in;oc,    Uiml)*    lias  given    the  iiamc  of  caoutchine 

Sp.   gr.   nf  llrfuid  o^S+i;    of  tsipour  4'65  ;    B'AHng  pi. 

'-^  i*omcnc  with  oil  of  ttiriieiitiiic,  whit^h  it  rescnihle*  iu 

le  \a  all  projKirlions  with  alcohol,  ether,  and  the  fixed 

-ils.      It  may  be  exposed   to  a  cold  of —22*  nithout 

lid  ;  it  disNolvC!)  naoiitcliouc  freely.    Grcville  Williams, 

thta  comiMUud  «ith  bromine,  has  ohtaiucd  the  hody 

,Q\\  on  tKating  this  with  au  amalgnm  of  Bodium,  lias 

ii»to  rumul,  Cjjl|^. 

!nt  fonnd,  among  the  less  volatile  |K)rlioDfi  of  the  oil,  a 
^  .>carboii,  heveiae,  vhicb  he  considered  to  be  poly. 

Li  .■:.  :<.int  gas,  though  this  is  tlouhtful.      It  hnd  asp.  gr. 
landt  boiled  at  ,;v9''- 
B  A.    highly    valuiihlc  motlifitMtioii   of  caoutchouc,   dis- 

f- '' \Tcar,  hn»  lately  bcoii  introdiiccd  into  the  arts  under 

I  nni:ed  Indian  ruhlwr,  n-hieh  fmni  itii  nlmoat  pcr- 

bcity  at  all  U-nipL-raturui  below  that  of  240°,  admits  of  a 
If  inH'ul  applicatioiiB.  The  cot  edges  of  this  form  of 
pi>  Ho  not  cohere  by  prrs*iire,  and  it  dots  not  liecomc 
r  bodiusat  lempcratiuHsa  below  311".  Caoulclioiic 
n  in  the  form  of  sheet  in  mcll«d  sulphur  at  250* 

1  ■*  from  1 2  to  15  per  cent  of  it«  weight  of  *ulpUur, 

M  uot  at  this  temperatutfi  experience  any  change  in  its 
L..  .1.  ..„j(«j  properties.  If,  however,  Hueh  sulphurized 
I  I    for  a  fe*  miaatea  to  about  302*,  the  pccidiar 

^felcation  u  pTuducL'd,  snd  if  tbc  tcm|>craturL>  lie  allowed 
n^r  '  ■  -'icr  than  this,  tho  mass  Womcs  black,  hard 
I  .  ^  »tig«l  into  a  «uh»tatico  u'hieh  has  been  intro> 

I  tUo  nrU  aiuler  ttic  uume  of  VHlcnuUt,  or  tltonite,  and 
I     laoj  of  tlie  parpoees  for  irhich  bora  is  fitted.     At  hi 


603 

era  arctiipclago. 
lo  tlio  tree  wliich 
feet,  and  tlioiij^h 
fit  for  fuotl.     On 
vood,  a  adikj  juice 
ha  is  ft  Utugli  iii- 
rctaiiLs  luiy  aLape 
below  a  1 2*^  it  becomes 
ind«cd  way  be  em- 
it irill  copy  the  fiticst 
Mid  a  variety  of  useful  and 
groat  facility.        It  also 
irig  logetlier  ulien  in  this 
are  <iuite  free  from  any 
becomes  hard,  and  ia  pos- 
is,  when  pure,  of  n  pale 
nir  MXDCwUat  revc-tobliug 

ecome*  negatively  electric, 
ty  ;  Bud  this  projicTty  tuu 
CDvcriog  of  wires  fur  tele- 
largcly  used  as  a  water* 
Rs  a  substitute  for  leather 
Dishes  a  valiisblo  material 
ring  lifiuid*  ;  it  t%  likewise 
the  conatnictioa  of  bands 
receiTiitg  dcw  and   ascfal 

water,  it  i3  not  attacked  1 
but  it  is  dissolved  readily  by 
lo,  oil  of  turpt^ntiiie,  mnd  tliv 
I  moderately  it  melts ;  and 
ildiug  hydrocarbons  ideutical  I 
).  SolatioQs  of  the  alkalies 
n.  Hydrochloric  and  dilute 
ite  ucids  in  general,  have  no 
in  the  prcpnratiou  of  bottles 
!»c  linuid*.  The  priiidpAl 
>  of  preventing  it  from  re- 

■liicli  alloirii  the  kIoit  traos* 
Cuncentratcd    nitric  acid 

id  oil  of  vitriol  ]iroduccs  the 

I  consists  of  tlirce  dif^lmc 
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temperature  s  fuw  degrees  liejond  that  ncctsaar^  to  tlte  prodacti^f 
o(  vulcanite  tlie  mass  ts  converted  into  a  liard  brttttu  sitlHtsM^f 
nrliich  nt  a  tiiglicr  tcmperttturc  uudcrgocs  carbonization  tnkA  a^ 
composition.  EhunitL',  or  nilcanitc,  is  one  of  tlie  be«t  >i»8 
latoni  or  eleclricit^r  that  is  knoirn,  and  becotoei  poncrfulH 
npgntivply  electric  when  excitwl  l)y  friction.  ViilcanixMl  cno^| 
ctiottc  apiicars  to  consist  of  a  combination  of  the  clastic  giitn  rjH 
a  or  3  |>cr  cent,  of  ita  veight  of  tnilpliur.  Tlie  excess  of  sulpli^l 
ntiich  is  usually  present  is  only  mcHianically  diatrtbutfd  throq^| 
tlic  niBiis,  aiiil  may  be  rcmored  by  the  use  of  solvents,  >udi^| 
beuzol  or  aulpbiic  of  aoda.  Tliis  excc»  of  sulphur  is  injurioiwH 
the  elasticity  of  the  material,  and  gi-adually  rendcnt  it  Ixnttle  h^I 
roUeo.  Several  modes  nf  ellecting  the  combtnatioa  of  aulpl^| 
with  caoutchouc  arc  employed.  One  of  the  tnoat  useful  com^| 
in  diaKilviug  the  caoutchouc  in  turpentine  in  nhich  the  pvo^l 
proportion  of  sulphur  hail  been  previously  dii^^^Ucd :  on  altm^H 
the  solvent  to  evaporate,  the  mixture  of  caoutcliouc  and  Balpbn^l 
left  endued  with  the  properties  of  common  caotitctKiac,  sad  it^| 
be  easily  moulded  into  the  form  of  the  various  articles  reqiiin^| 
it  is  only  on  the  application  of  a  temperature  ran^ng  from  ajH 
to  300*^  that  the  peculiar  properties*  of  the  salplmrizcd  compo^H 
are  developed.  The  heat  in  moet  advauta»eoiisly  applied  by  ^M 
pofliug  titc  articles  to  the  direct  action  of  high  pnasure  steamH 
370^  or  i8c°.  A  iitill  CKHUT  mrtliod  ndnptc'd  for  thin  articles  o(^| 
aists  iu  immcraing  the  eaoiilchouc  for  a  few  moments  in  a  solot^l 
of  I  part  of  chloride  of  sulphur  in  60  of  bisulphide  of  caiboo;  ^| 
simple  c<([K>«urc  of  the  object  llui!*  treated  to  the  air,  it  asttii^| 
the  character  of  vulcaiiixed  caoutchouc  without  the  aid  of  Im^| 
The  addition  of  a  certain  proportion  of  carbunato  of  lead  to  ifl 
compound  is  found  to  produce  uu  article  better  adupt4-d  for  k)^| 
pur|>useH,  such  as  the  manufacture  of  overshoes  or  goloslics,  tllfl 
one  in  vhich  sulphur  only  is  u«ed  ;  dne  proporlioiu  of  snlphar  ^M 
of  tbe  salt  of  lead  arc  incurjmratcd  with  the  caontchouc  by  caunfl 
the  caoutchouc  mixed  witli  the  other  ii4;redietitsto  pass  rcpeate^| 
hctwe^u  polished  hollow  iron  rollers  naiiitaiiied  at  a  tenipembfl 
of  about  170°,  by  the  injection  of  f^team  into  their  intcrifl 
Vulcaiii7.cd  Indian- rubber  vrithstniuU  prulongcd  digestion  iu  uaph^| 
or  turpentine  iritboiit  uudci^oiag  solution.  H 

(1300)  GuTTA  Pkiu:h,i. — This    substance,    which    is   »intll 
in  chemical  properties   to  caontctionc,  n-as  introduced  into   llm' 
country  as  an  article  of  commerce  about  the  year  1844..     Gutti 
percha  is  the  cancrcte  juice  of  the  IsonaHiIra  percka,  a  tree  lielon^* 
iiig  to  the  family  of  tiiv  Sapoiiuxa,  which  grows  abundantly  iy 


V,  Borneo,  aod  otiier  ialRuds  of  the  Eastern  arckipelaeo. 

le  prrcka   a  tliat  given  liy  tlic  Malays  to  tlie  trve  nliicli 

tit  i  it  gmwA  to  a  dinmotcir  of  Ki'e  or  six  fe«t,  and  tliou^K 

it  is  valueless,  tbe  fruit  yieldB  aii  oil  fit  for  food.     On 

^SDtcbca  tbrougb  tlto  bnrk  into  tlic  wood,  a  milky  juice 

HiicH    Hjicfdtly   W)Iidifieft.      Oiitta  |Mtrcliu   is  a  tough   iu- 

slancc,  nliich  at  urdiiiary  teiDpenturcsretaiusEmy  sbaiie 

have  been  impressed  upon  it,  but  below  212**  it  becotncs 

kt   it  niHy  lie  inoult]«il  likr  whx,  and   iiidt-tfl  niny  bv  cm- 

takiug  castij  and  imprcssious,  sJnro  it  will  copy  thu  lintist 

1  fidelity  ;  beautiful  mouldings,  and  a  variotyof  u»cful  and 

i\    nrticlcM  arc  thtiH  mailu  witli  great  facility.       It  also 

[the  vaJuaMc  property  of  welding  togetlier  wheu  in  Ibis 

],  provided   that  the  surfaces  are  quite  free  from  auy 

itMtiiru.      Ilvluw  110°  it  again  buoomcs  banl,  and  ta  pos- 

cxtniordiiiniy   tenacity.      It  Is,  nlicn  puri;,  of  a  {Kile 

^colour,  poasessing  a  peculiar  odour  somewhat  rcscntbltug 

lutchonc.      When  rubhcd  it  )>oicoam  negatively  electric, 

it  i>  on  insulator  of  electricity;  and   this  property  htm 

\mxtciaitc  ctaploymcDt  in  the  covering  of  iiire»  for  tele- 

pnrpoMS  (260).        It   ia    aI»o    largely  used    as  a  water. 

tiiatcrlaJ,  and    is  cmployrd    m  a.  subiitituto  for  leather 

boots  ind    abocs.       It  furnishes  a  valuable  material 

irpamtion  of  tubcH  for  conveying  liquids ;  it  is  likeviso 

■  a   substitute   for  Icatlicr   in  tlic  con«tructiou  of  bands 

^iug    tuacbinCEi^,  and   i»  dally  receiving   new  and   aaefuJ 


pcrdiB  is  quite  insoluble  in   water,  it   is  not   attacked 

3lm  lar,  or  by  tingeed  oil ;  but  it  is  diitsolved  readily  by 

chKinjfonn,  bisulphide  of  carbon,  oil  of  turpentine,  and  tlie 

oiU   in   general.      If  heated   modcnitcly   it  melts;  and 

Ibi^  poiut  it  deconipoi«d,  yielding  hydrocarbons  idcntioal 

froR]  caunlcbuuc  (NA'illiams).     Solutions  of  the  alkaUca 

it   a«'tiau    u|iou  giitta  pcrchn.      Ilydrocliloric  and  dilute 

acida,  ni^  well  ox  the  dilute  ndds  in  general,  have  no 

it ;  hence  it  is  employed  i»  the  preparation  of  buttles 

nscil    for   cDatainiiig   thetsa   liquids.      The    principal 

to  tliis  ase  is  the  dilTiculty  of  preventing  it  from  rv- 

dcgrec  of  jKirosity,  which  allows  the  shiw  traoa* 

i„    ,,-^,.it\»  through  it*   mass.      Cunceutrated   lutrio  aoid 

81I  diainUff'*"'"  '(  rapidly,  and  oil  of  vitriol  prodaecs  the 

!t  more  gradually. 

il  commercial  gutta  perclia  con»!»t«  of  three  dlstiuct 
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porlionft,  the  most  abundant  or  these,  tbe  pmre  ffutu,  * 
ironi  75  to  Si  per  cent,  of  the  ub«»  ;  h  ia  milk-while  a 
■t  ftboitt  300°  }  it  iainsohilili]  in  alcohol,  but  it  u  mhAlk 
This  substauec  is  a  hydrocarbon  of  the  form  C^tl^ 
two  oon&titucnts  arr.  u  irbite  and  aydloir  resin,  botJiQC 
soluble  ill  boiling  alcohol ;  but  the  white  resio  (4 
insoloblc  ia  tbi&  liquid  when  cold;  by  de 
alcoholic  eolation  it  may  he  obtained  crrAtalL 
pUt«»,  (lUpo«ed  iu  radiated  tnfts.  Tlie  yellow  rcatn 
amorphouo.  Pure  gutta  percha,  indeed,  slowly  oburl 
when  cxpoecd  to  the  (H>aibincd  inSuencc  of  light  lod  al 
air,  and  id  (gradually  couvcrtcd  into  a  hnttlc  resin  finely 
hot  alcohol.  It  then  entirely  loses  its  plastic  d 
may  be  prcscn'cd  in  the  dark  or  under  water  for' 
period  witliout  change. 

[1301)  Ke8im  or  Jaup. — This  anbatanci'  Iiaa  bees 
subject  of  numerous  carcfiil  cxpcrimcDta.  It  may  fat 
in  a  colo(irle«a  form  by  lreatiuj(  the  chojipvd  roots  of 
boiling  water,  repeatedly  ^ubiuittiiig  them  to  pnason 
each  operation,  aud  when  the  apreued  li(|uid  ia 
coloured,  estnu^ug  the  reain  fiODi  the  undiw-olved  | 
tncoua  of  boiling  alcohol  (ap.  tgr.  o'S8o).  This  kud  u 
from  10  to  15  per  cent,  of  ihc  weif;Ut  of  the  root  openla 
ia  a  aiixliurc  of  two  dctiuitc  rt«ins.  One  of  thc»e  (/iarv4 
ia  aolublc  iu  ether,  and  ia  powerfully  add ;  it  has  ihi 
odour  and  acrid  taatc  of  jalap.  It  Aoua  not  crytX 
lUcoholtv  or  clhcrcul  sulutious,  but  if  tlicac  be  uixal 
semi-solid  mafts  which  ia  formed  hccotnea  grade 
needle-shaped  crystals ;  it  may  be  suhlimed. 
aualviiis  of  Johnston  it  may  be  represeulcd  as  (C^H 

The  resin  whieh  ia  imwlcible  in  ether  (jaUtpim 
ia  remarkable  for  being  susceptible  of  deoompositK 
and  a  resinous  acid.     Jabpin,  according  to  Spirgat 
with   the  active   principle  of  ncaiomouy.      Jalitpio 
destituto  of  odour  and  taste.     It  is  fusible  at  joo°. 
acetic  add  dissolve  it  readily.      It  is  sIm  easily  i^tlul 
solutions,  ce|)ccially  if  boiled   with    them.      Mui 
wtfrm/ia,  and  assigns  to  it  the  formula  (C„H^, 
apjH'OTB  to  mnstitntc  the  purgatiie  principle  of  tlicjj 
viti-itd  diimdvus  it  slowly,  aud  aMumc*  a  Itmuliful  rvJi 
gradually  (tassea  into  browu.     Ou  dtlutiuu  an  oili 
b<xly  (H0,0„M^0J  is  prrripilalcd.  aud  gltutiw  ._. 
tiou.     According  to  Jlaycr,  the  ftiaiforra  Variety  of  j 
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orisabenjit)  oontaiitii  a  rcain  homologons  frith  rliodeorctiti 
-(^.H^^Oj,),  whicli  when  treated  wilU  snlpliuric  acid  ia  airailarljr 
composed,  glucoM  rcmaiDing  in  tbe  scJutioB. 


III.     Glvcosides,  or  Comfocnus  wnicu  turnish  Glucose. 

(1302)  In  the  course  of  tlic  present  chapter  some  cr/stallino 
ipoiuids  have  been  ilescribcd  which,  like  ann'gdahu,»alicin,anil 
spuliu,  Under  certain  circumstances  break,  up  into  glucoftc,  and  into 
iv  compound  or  cotnpouDtls  characteristic  of  the  Eubstancc  Fiom 
lich  it  is  derived.  The  Bimp1«?st  condition  under  which  this 
lusfonnalioti  is  effected  consists  in  exposing  the  compouiid  to 
le  action  of  vfatcr  at  a  high  temperature  under  pressure;  saUcia 
id  phloridmu  mny  ihua  he  made  to  ftiniish  g)tico«e.  The  coni- 
juuds  which  yield  sugar  when  broken  up  by  miy  of  these  pro- 
arc  termed  gtucondfg.  They  may  be  subdivided  into 
ro  clashes :  one  of  these  consists  of  neiitral  substances,  like 
lygilaUo  and  Halicin ;  tlic  other  cousista  of  acid  bodies,  such 
gallotanoic  acid.  We  shall  now  proceed  to  notice  some  of 
compounds ;  viz.,  phloridzin,  tjucrcitrin,  datiscin,  arbutin, 
ilio,  and  wiponin,  with  one  or  two  others. 
(1303)  PuLoKinziN  {C<5H„0^+4  A(|  i  Strecker}.— Thi»  i«  a 
stance  which  occurs  in  the  hnrk  of  the  apple,  pear,  cherry,  and 
)oni,  and  probably  in  that  of  other  fruit  trees.  In  order  to  extract 
it  is  sufficient  to  boil  the  bark  for  Mime  time  with  water,  and  to 
Jow  the  li(juir)  to  cool.  PhloridKiu  is  ctc]K)sitcd  iu  silky  crystals, 
^hicb  may  be  purified  l)y  rediwolving  them  in  water,  digesting 
i  animal  charonal,  and  rccryatultiming.  It  has  a  slightly  bitter 
n'Otir,  followetl  by  a  aweetish  taate.  It  TcquircH  upwards  of 
^000  part*  of  cold  water  for  eolutioti,  bat  It  is  hugely  soluble 
boiliDg  water.  Alcohol  and  woctd  spirit  dissolve  it  freely,  but 
ta  nearly  imtoliihlc  in  ether.  Itn  alcoholic  soluttou  cauncH  tefb- 
inded  rotation  in  a  ray  of  polarized  light.  When  heated  to  2I4* 
knn  four  equiraicnts  of  watrr,  and  at  a  trmpeiature  Iictwcen 
IJ3'  and  328*  it  undergoes  fusion,  after  which,  by  au  additional 
fekvation  of  temperature,  without  undergoing  any  further  loss  of 
it  beconies  solid,  and  doe*  not  melt  again  until  the  tcm- 
aturo  has  been  raised  to  320".  At  39:"  it  again  begins 
to  give  off*  water,  and  oMume  a  red  colour,  forming  a  rctnTioid 
body  fC,JI„0|„),  termed  rujin :  this  suIjsIropc  is  soluble  in 
idcnbol ;  boiling  water  also  diasolvca  it,  but  the  Kolutiou  19  cutlrdjr 
col  our  teas. 

Aq  aqueous  solution  of  phloridzlu  yields  a  white  prenpi' 
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will)  otic  of  sukicctste  of  lead  (6  PbO.CuII  .p^  V). 
cotiiiiOHiKU  witli  barvU  and   lime,  but   tbesc  sulut&ti 
liromi  liy  cxpo^oro  to  uir. 

TliloridEin,  wliea  Iwiled  trith  weak  Bci(U,  is  dcoompo 
gmpc  sugar,  and  «  rcsiuous  matter  termetl  phluretin  :— 


niorMrfi. 


Olaaow. 
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Fliluridzln,  under   the  combined   iDfluimcc  of  air  ai: 
f  ickU  a  red,  liittor,  uiicrystallixablc  compound    Xcttat 
(C^,ll,nXjO^,  which  IB  readily  soluble   in  boiling  iratfit. 
phloridziii  is  cxjHiBcd  to    the  vajiuur  of  iimtDunis, 
bl^nuti^ul  blue  (.■ompoutid  with  &cop[)Cty  lustre,  Mhich 
a  ooniiiuuud  of  phlurizciu  with  ammonia  ;  this  aubet 
soluble  in  water,  Rtid  cannot  be  obtained  iu  cryatala; 
tiydrogcii  und  olher  tleoxidising   agcuts   d(»tro}*  tliis  lilfl 
but  it  is  rcKtorcd  by  exposure  to  the  sir. 

Phloridun  docs  not  yield  any  is«cDtial  oil  vlica  tni 
eliromic  acklorotlier  oxidizing  agents;  iu  thisi  rojicct  il 
au  iinportaat  diBirciice  from  galiciu,  which  iu  other  pcHD 
reacrablfs. 

(1304)  QruRciTiiN  (CujIfijO^j  +  a  Aq).  —  ThU 
homologouH  with  pliloridzin,  and  contatus  3  (C,KJ  1^ 
Ixtdy.  Querciirio  is  the  yellow,  crystallixablc  cxiluuring 
tsiucd  in  the  hark  of  the  quercitron  or  Querctt*  tincit 
be  extracted  from  tho  bark  by  means  of  alcohol,  »p. 
lanutc  add  i*  removed  by  t)ie  addition  of  gelatlu, 
uD  evaporation  yields  qnercitnn,  which  outy  Itc  |mn(! 
tallizatioii  from  alcohol.  It  is  sparingly  soluble  iu 
and  ill  ether,  hut  \%  readily  dissolved  by  hot  acetic  acid,' 
by  weak  solutions  of  the  alkalies,  with  which  it  for'-  -  '' 
gr4)ciii»h -yellow  colour,  which  gradually  passes  luto  . 
solution  of  idum  slowly  develops  a  heautiful  yellow  roloi 
soliitious.  Solutions  of  acetate  of  IcAtl,  acetate  oT  nf 
chluridc  of  tiu,  precipitate  it  in  yclloi*  HoocuU.  M'^tlipel 
of  iron  it  proiliices  au  olivc^green  colour.  AVhru  qua 
boiled  with  dihjtc  solpburic  or  IiydrochloTic  aci '  ■  ■ 
into  glucodo  and  qnefcet'm  (C^H^O,^),  a  Hubslaii 
iu  water,  but  readily  soluble  iu  aleohoh  it  may  bo 
minute  Icuiun-ycllanr  or^'stals,  QucnsTlia  '\*  ali>o 
tJon*  of  potoafa  and  of  soda,  to  whiuh  ic  ooutmunw 
ydlov  coh]ur.  The  decomposition  Drciuercitrui  by 
tliui  rcprcBCDtcd : — 


tUTIIClN*— AKnVTlM — ZBCCUH. 


Sj)    D»TH(i:i?«  (Cyll^O^J    i»   tbc   iiAiDc  given    to   n  ciyi 
[flotourlefix  subetatice  extracted  from  the  Datiaca  canaabind^ 
of  which  rurni-ih  a  j-cllotr  colouring  matter  eiteitsivelf    ' 
India  fur  dyeing  silk.     It  is  largdj?  soluble  in  alcohol  and 
Dg  vaUir,  Bpahogljr  so  in  cold  valer  and  in  ether.     It  gives 
Ulccs  with  osidesof  letd  and  tiu,  and  forms  iutcTisely  yellow     , 
with   thi;  alkalies.       Dilute    acids,   whcD    bolted    witfe^l 
I  eatiae  it  to  split  into  glucose  and  dalitcelin  (C^,H,oO,3)>  ^B 
which  crystalliKeft  in  colourless  needles,  soluble  in  ether 
>liol,  htii  nearly  insoliihlv  in  water,      (Stcnhousc.) 
S)   AancTix  {0^,11^,0^  =  173  ;  Streoker)  isacrystalltzabU 
contained  in  the  leatcs  of  the  Arctostaph^los  nra  urxi 
irii  treated  with  synaptasv  is  decomposed  iuto  gliicost^,  nnc 
klliue  body  originally  termed  aretuvin,  but  whicli  Strcckcr 
be  identical    witb  bydroquinone.      Arbutin    according 
cbctnUt  it   not   a   homologuc  of  salicin,  though  it  diflbn* 
ia   conlaitiiitg   CjHj   le*» ;    the    following  ct^uation   re- 
]g   the  decomposition  of  arhutiu   uudi'r  the  inSueuce  of 
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Ifhulin,  Bjdniqiiinun*.      Olucon. 

)   E&CVL1.V  or  polychrome  (C^lI,jO„;  at  ai:*).— ThU 
•   is  coutaincd  iu   the  bark  of  tbe  horse- chcstuitt.     In 
extract  it,  the  aqueous  infusion  of  the  bark  is  treated  with 
of  lead,  aud  filtered,  the  eicess  of  lead  is  removed  h^H 
Aulpburctted  hydrogea,  ftud  the  liquid  is  evuiioratcd  t^^ 
tcnceof  a  sjrup  ;  in   tlic  course  of  a  few  days  the  csciitin 
it  may  Ije  waslied  with  oold  water,  and  reerj'stalliied 
■weok  alcohol  (sp.  gr.  Q'9+c),  and  afterwards  from  boiling 
EUculia  forms  small  colourlcxs  needles,  which  have  a  hittee 
slightly  acid  reaction.     It  is  spnringly.  rolnble  iu  cold 
u  cthor,  but  ia  dissolved  abundantly  hy  boiling  water, 
frcel_y  bj-  hot  alcohol.      Solutions  of  esculia  arc  pariiciilarljr 
«   for  their  fluoinesoent  power,  in  consc(i,i)ence  of  whicljH 
»r  in  certain  posiiiona  to  be  dct^p  blue,  allbou;th  colourless" 
hy  trausmittcd  light.     Acids  destroy  this  property,  hut  the 
of   an  alkali    to   tbe    liquid    Itcightcng    the    fluorescen' 
ler-      Eseuliu  fusca   and  loses  water  when  hcnteil  to  32c 
I  shcr    tcnip>?rature  it   ia  dccoai|)used,  cmittiug  an  odour 
I  *u£Ar,  wbUat  a  small  quantity  of  raeulctio  is  sab^imed  > 


KSCCLCTIN — PfclllN — OTCLAHIH •AfOSIV 

!Eftcnliti  vben  boiled  with  dilate  adds,  or  vhen  d!| 
syuaptuac^  undergoes  decompositioti  iato  eecolctiu  aiul 


lUoallik 
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I  c^«o«+5  n,o, = c„n.o,+3  c„H„o„. 

E$culet'm  is  a  substance  trhich  hasBsligbtlv  add] 
litmus;  it  i»  sparingly  K>lublc  in  cold  water,  m  oold 
iu  (.'tlit-r;  but  it  ia  frcctjr  soluble  in  bailiug  alcobol,  rhic 
it  iu  cryatalliac  needles  or  plales  reMiobltng  thomof 
Esiuletin  u  soluble  in  soliitionH  of  the  tlkiliM,  formiE 
yclloir  liquid;  auil  ubutcauccntnitMl  solutiouof  it  in 
it  cools,  deposits  a  yellow  crystalline  compound.  The  |ind| 
a  tmc«  of  n  pcrntalt  of  iron  give*  to  eMiiletiii  a  dark  grM| 
but  tbe  colour  a  destroved  on  tbc  sdditioti  of  an  acid.  A  ■ 
of  acetate  of  lead  whea  mixed  with  ono  or  eactiletio,  pnJI 
lemon-yellow  precipitate  (CjjIl^PbjOJ.  \ 

Fntxiu  (C^H^O^  is  a  siutlar  crystalline  body  obtKbriJl 
the  bark  ot  tbc  anh. 

Cjfclaiitin  (C^IIj^Oj^ ;  ilartiua),  from  the  Cjfclamai  B«rt| 
is  anoUier  erv'stalline  boily,  whidi  splidiiuto  glucose nud  ai< 
compound  on  boiling  it  vtitb  dilute  acids. 

(1308)  Saponis  (C„H^,0,,?).— Tbis  snbsUnce  tsooatil 
n  couiiidcriiblc  nombcr  of  )ilRnt«,  incliuling  tbe  Si^Hmerin  afit 
tlie  Poingala  senega,  and  the  root  of  tbe  oominau  )j 
found  in  the  piiupernelj  in  the  fniit  of  the  horse-cl'' 
screral  rarieties  ot  Lychnis.    Saponin  is  cn«ily  extra       .  ,. 
of  boiliug  olcoho]  (sp.  gr.  o'84o},  from  tbo  root  of  tbc . 
Moap-icart;   as  the  liquid  couln  the  saimnin  ia  deposited 
pIion»  m-dimcnt,  which  if  coloured  must  be  digested 
order  to  remove  the  colonnng  matter. 

When  dry,  saponin  fbnns  a  colourfets  (nablc  aw 
\  destitute  of  odour,  and  of  a  sweGtisb,  styptic,  pcrsiatenti 
applied  to  the  ^mucous  membrane  of  tbo  oosc  it  produoa'' 
SDcezing.  Sni>oiiin  la  soluble  tn  water  in  all  pro{Mfrtioa^| 
A  someuhnt  opateftccnt  liquid,  which  frotbt  atrangly  n^l 
like  a  ttolution  of  soap,  even  though  it  may  sot  co^B 
than  a  thonsandlb  of  it»  weight  of  M|X>Ria[  *'  -  '  )^| 
evaporated  Ic-Jircg  tbc  sapouin  in  tbc  form  of  a  t.  .  ^ 
i-araiith.  Itji  Mludoa,  or  aa  lufusiou  of  suap^vrurt,  u^| 
employed  tnstoad  of  a  solutioo  of  an  alkaliiv  —  '  -fl 
tho  tini-f  v.iricticwof  wool  froingrenae.     S«p>  ^| 

dilute  alcohol,  hut  inioliihlc  iu  uthcr.     lla  Mlaiions  ;*^| 
precipitate  with  aubacfiU^c  ot\<a&.  ^^H 
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When  bcnled  witb  dUnte  acids  saponin  yields  a  peculiar  acid, 

tbr  Moponic  or  taculic,  and  at  tbe  same  time  a  substance  rcsenil)lia|f 

(C,,H,,0,,)  i«  »ej)ftratccl,  ( RochlciliT  und  Schwan).      Sapouic 

may  aim  be  obtaiDvd   by  diguMtiu^;  Ka[X)uin  iu  weak  alkaline 

>lutioa3.     'f  be  composition  of  sapouic  add  is  doubtful,  but  it  pre- 

its  «rrll-Rinrk<:d  character*.      It  i»  D«arly  insoluble  in  water  and 

ctber,  but  ia  readily  di&Holved  by  alcufaol,  which  cleposits  it  in 

molar  crystals.     Its  salts  with  potosb,  soda,  and  animoiuB,  are 

>1tiMe  in  hot  wntor,  and   the   hquid  on  cooling  Ect»  into  a  jelly. 

solution  of  thrac  salts  iu  dilute  ak-ohol,  sp.  gr.  0*960,  deposits 

in  pearly  t-rystals.      Suponic  acid  forms  compounds  with 

ic,  baryta,  copper,  and  lead,  which  arc  insoluble  in  water,  but 

lahlc  in  dilute  alcohol. 

(1309)  A   variety   of  other  neutral   crystallizaWc   and   often 

iaonouii  principle*  have  been  obtniticd  from  plnnta,  many  of  which 

used  medicinully,  but  few  of  them  hare  been  minutely  examined. 

Tt  is  probable  that  many  of  these  bodies  will  prove  to  be  identical 

with    nthcrx  nlrcudy   known,  and  many  others  will  most  likely  be 

Xoond  to  belong  to  the  class  of  glucosiiles. 

The  following  are  some  of  these  bodies: — 

1.  Aniiaria  (0,^11,^0^,  the  poisonous  principle  of  the  l/ji/u 
mtiar,  which  when  introduced  into  a  wound  causes  vomiting, 
conviilitionK,  and  di^Ui.  It  cryatnllixca  in  pearly  hcuIcs,  auliible 
iu  alcohol,  sparingly  so  in  ether;  37  parts  of  boiling  ether  dt&< 
wive  I  part  of  antinrin. 

2.  VaphRta,  from  the  bark  of  Daphne  mesrreum,  forms  colour> 
\etm  radiated  uecdlc!!,  Holuble  in  hot  unter,  alcohol,  and  ether. 

3.  Klattrin  (C„„H,,0,)  is  the  active  principle  of  J/omwrfipa 
tfatmum.  It  is  a  wliitt:  silky  cryittallinc  powder,  insoluble  in 
water,  but  sohible  in  alcohol,  ether,  and  the  oil--i :  when  heated,  it 
raett«  and  sublimes. 

4.  Gentian'm,  the  bitter  principle  of  GmlioHa  tntea,  crystal* 
liiea  iu  yellow  needles  freely  soluble  in  alcohol  and  in  ether, 
■paiiogly  Boluhio  in  cold  water,  more  abuudantly  solnbte  iu  boding 
water. 

5.  Hetpcridin  is  a  whit«,  tasteless,  crystallixnblc  body  extracted 
irom  the  white  ejmngv  part  of  the  rind  of  oranges  and  lemons. 

6.  Picrolojtin  (CioIIjOJ  ia  an  iutenscly  Ijitter  KuUtance  to 
which  Coceuiiu  mdictui  ones  its  activity.  It  forms  small  coloor* 
tcM  stellate  tteedica  isolublc  in  25  partn  of  boiling  alcohol. 

7.  Santonin  (C^H,.OJ. — This  substance  i)o«ac8sw  feebly  acid 
1    propcrtieB ;  it  is  obtained  from  the  seeds  of  seroral  varieticB  of 
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Mtahlfl  in  water  aod  in  aloobol. 
>  nkookl  be  digPAlcd   in  nlcoliol  «it! 

•-  uul  BOtitouin    U    i]n«oUe)l,  tram 
.  "bj  distillatioTi,  and  oa   addiitg 


•**•  l.<^w^^i:*^a'0  ii  a  crysUlIJzabk  bittoj 
■M^  which  is  contained    in  llie  CiLetit*id  i 
^  bailiag  witli  acids  is  separated  into , 
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Tut  sabstaiiccs  vhich  arc  about  to  bo 

iMIttr  mider  the  bead  of  coUmritig  ntatlert, 

jtt  acCDOiit  of  the  similarity  in   the  modi-s 

•j»  srts,  and  not  from  anf  well-marked  chc 

idi  cjust  between  tbcm.     Tbc  rt-Iatiotu  of 

r  groups  are,  however,  remarkotjlcj  and 

khie  interest, 

oiirin^  muttcn  arc  found  in  all  the  organ* 

■■■ter,  turmeric,  sud  alkuuet  tbcj  arc  obtainnl  ft 

■  hgwood,  Brazil   wood,  and  fustic  thejr  an*  (oaai 

.•jereitroQ  in  the  bark  ;  in  safflower  they  are  fi 

^tid  in  Bftlfron  b/  the  aiitUvrs  of  the  Kowcn 

■cTTj  mid  ill  anuatto  tUej*  arc  oHuim'd  fnxo  i 

^■Mtoaring  matters  in  the  form  in  nliicb  the;  oil 

fitaX.  give  little  or  no  itidicution  of  their  tinctcidjj 

-m  case  with  indigo,  aud  with   tlie  blue  colourtH 

kvft;  but  hy  the  action  of  fvrmcutalion  and  c 

rra,  or  br  the-  cifcct  of  amtuoma,  or  by 

-.-id  ngtruls,  thoy  ua^  be  made   to  funuah 

aod  beauty. 

«.4  w«  organic  colnnring  matteni  Rule  or 

•^  ciimbiuol  iiilluvncu  of  oxygcu  and  mlar 

■■^  of  slow  combustion,  and  are  in  toanjrl 

Many  of  them  arc  at- 
,  mcli  an  vutphurcttcd  K; 

,  fxA  the  uita  of  the  protoxide*  of 
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ri9  again  cxpotetl  to  the  nir,  recovers  its  origiiinL  liuc.     TliB  roota 
of  the  pliut  appear  to  exert  a  rwluciiig  effect  upon  muny  colouring 
matters,  vhiUt  id  tlie  flower  the  oppoaite  effect  t&kes  place ;  this 
is  beaulirulty  *liow»  in  wi  i!.%pprimc'nt  by  Pcrsoz: — if  the  roots  of 
a  tran^parcQt  |jlaiit,  such  a&  balsam  {impalieim},  be  immersed  in  a 
coloured  solution,  «uch  aa  one  of  logwood,  the  coloured  liquid  is 
^Uworbed  by  the  rndido*,  it  is  deprived  ot  a  portiou  of  oxygen, 
lucl  loses  itsculuur;  in  this  furin  it  coiitinueft  to  circulntc  through 
the  plant  until  it  reaches  the  petaU  of  the  tlovrers,  where  it  again 
3rh4  oxygen  aud  resumes  its  original  hue. 
AU  organic  oolouring  matters  arc  destroyed  byclilorine,  irhich 
in  some  cases  by  displacing  hydro^n,  in  others  by  decom* 
sing  wntcr  ami  setting  oxygen  at  liberty,  and  thus  producing 
new   compounds  deMitute  of  colour.     Sulphurous  acid   aI«o  in 
naoy  instances  coinbiucs  with  the  colouring  body,  and  produces 
1tte<T  comp<)uad»  not  pos-Misscd  of  tinctorial  jMjwer. 
H     Almost  all  the  colouring  matters  require  a  prej>aration  more  or 
Hm  daborste  before  they  are  fit   for  use ;  many  of  the  processes 
Hiployod  in  brightening  and   5xiug  their  tinta  are  of  a  complex 
^pture,  and  still  retain  their  urigiiiiil  empirical  character.     In  many 
of  the  colouring  matters  of  oi^anic  origio,  nitrogen  is  an  esitcntial 
constituent,  though  iu  a  still  greater  number  it  is  ahatiit.     The 
colouring  matters  in  most  frequent  use  exhibit   the   projffirtics  of 
rery  feeble  acids.     The  concentrated  alkalies,  especially  in  the  pre- 
sence of  free  oxygen,  however,  for  the  most  part  dwotnpoae  them 
rapidly ;    but   they  arc   more   soluble  in  dilute    alkaline    liquidH 
than  in    pure  water,  and  tliey  form  dctinitc  insoluble  compounds 
with  the  earths,  and  with  some  metallic  oxides,  such  as  those  of 
lead  and  of  tin.      Such  compounds  with  the  metallic  oxides  usually 
possess  great  tinctorial  or  colouring  power,  and  arc  termed  lake$. 
The  formation   of  these   iusoluhle  coropouiids   is   a   circumstance 
of  fuudnmcutal    importance  to  the  dyer  and  caHico-priuter,  since 
upon   it   depends  the  geucrnl  method  of  Mordanting  (1343),  used 
in  the  arts  of  dyeing  and  calico-printing. 


I  (131  0  Ystw>w  Dyes, — The  most  important  yellow  dye-stuffs 
Are  quercitron,  fustic,  saffron,  turmeric,  atniatto,  and  weld.  The 
colouring  matters  of  the  Pcrptati  berries,  of  purree,  oud  of  rhubarb, 
ar«  less  frequently  employed. 

I .  Qnerrilron  is  the  hark  of  the  Qiitrms  tinrior'ia.  It  yields  a 
ydlow  crysCall liable  principle,  yucrcifWn  (1304),  of  feebly  acid  pro- 
perties, soluble  in  alcohol,  sparingly  so  m  water,  freely  so  iu  alkalies. 
a.  Tlie   Moms  iinctoria,  or  Old  fustic,  is  particularly  cm- 


:  nd 
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plowed  for  dyeing  woaUens  jeltow  •  it  i«  also  lued  t& 
tfa^  pcentnd  olive  hoes  wbcn  mixed  with  iodigooad 
Fmtae  fnrnulic*  k  yellow  colouring  mutter,  wlitch  may  \a 
ia  cfTsul*  bjr  eraporatitif-  it«  ftqueom  iofuainn.  Thn 
ku  been  tenDod  moritiinaic  add  {n^8]  (0^11,^0,,).  It 
ItittcT  taetc,  i*  tolublc  in  «tlicr,  aiid  givc«  a  fpxca  predpiU 
aalu  of  irot).  Adda  aud  alkatiea  deepen  Ike  tint  of  tbe  I 
•ointioa  without  produciog  an;  precipitate.  Wbtui  mui 
ftluiD  it  pcxidaoc»  no  prccipitntc,  but  oo  lUc  oddition  of  ou 
of  potash  to  this  solution,  a  Telloir  lake  b  fonned. 

3.  Tbe  AAw  eotiimg,  or  yottng  fustic,  oautniox  a  d 
fdlow  An,  which  is  vciy  soluble  in  water )  potash 
por^ile,  pasuDg  ioto  a  rcddUb  jellov;  while  tba  OMfcatoi' 
and  of  copper  produce  an  oraiigc>CDloured  lake  vith  a  dea 
this  wood.  Wool  monlantod  with  alum  acquires  a  bti^ 
ijt  in  a  bath  of  thi*  colouriaif  principle. 

4.  TImj  Cmms  talwut  yidda  Saffrou,  a  colonring 
tuned  ID  the  anthers  of  the  flower  ;  it  is  very  soluble 
in  alcohol.      It  has  been  but  imperfectly  ts^ainincd. 

j.  CiomaKUi,  or  the  colouring  matter  of  Tumurie  (I 
bafa),  19  of  a  reaioous  nature;  it  is  nearly  insoluble  in  wale 
diasaltol  freely  by  skohol  and  by  ctbcr.  Alkaline  ulntia 
it  wp  abundantly,  and  change  the  coloar  to  broirn.  Thtt 
ctf  coloar  is  oflen  cmployod  in  the  labomlory  to  indiE 
pKVGOce  of  free  alkali,  since  paper  tingtd  yellow  with  U 
tniBcric  becomes  brown  whca  ■mmeR<>ed  in  a  solation  a 
unrombined  alkali.  Curcumin  is  Mluble  without  chatty 
ta  the  acetic,  phosphoric,  b\  ilrochloric,  and  Eulpburio  w^ 
cnployfld  fur  dyeing  wool  luid  ailk,  rs  well  as  for  eotu 
etury  povdrr  of  India.  M 

6.  jfwwtffq.— Thi*  colonriu^  matter  is  in  the  formfl 
|irepared  from  the,  seeds  of  the  Bira  mvliana,  nnd  4 
drrtng  nankem.  It  sppeara  to  ouritaiu  an  onoge-red  1 
aubstaDcr,  called  bixim,  and  a  leas  impoilant  ycllnw  ^ 
orrtim.  Diiiii  is  a  reunoos  matter  s[i»ri»gly  »olulfl 
bat  freely  ao  io  alcohol  and  in  other.  The  alkalies  m 
pradiicinE  a  deep  red  colour,  and  on  nentralixing  tfaa 
with  an  add  it  fidls  as  an  orange  precipitate.  Th«  B^ 
dissolve  thii  oolouriog  priudple,  wliicli  cIo>dy  reaeoM 
the  tonDcrie.  fl 

7.  Tlie  nwl  of  the  common  RhuAari  yirl'!*  a  TtiU|M 
matter,  temwd  rhtia  ot  cAr^Mt Annie  Mi  ,^H 
aim}  fotmd  in  oim  ol  \\k  Vwjtuc«k  \Pu7'>\Ki>.^  v'^^v^V 
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;ly  iolulile  b  water,  but  Ircclj-  BoIuWe  in  the  alkalien,  pro- 
«  rcddieli  browD'Ccloured  liquid,  from  which  on  tho  ad- 
eCic  mcid  it  ta&y  be  precipitated  in  Roeculi ;  this  cliauge 
r  to  red  is  etfccted  bjr  a  minute  trace  of  alltnll,  so  that 
•tsioecl  with  rhubarb  may  be  used  a»  a  ti't't  for  the  presence 
alkali.      Khcin   in   nrootDpanied    by  a  portion  of  resin, 
btf  precipitated  by  the  addition  of  ether  to  tlwi  olooliolic 
Chrywpbaoic  ncid  isaoluhleiii  ether  aud  in  botalcohol, 
liich   it   majr  be  obtained   in   crj-atals  of  a   golden  yellow 

lutttre. 
Tbc  lyeU  or  Reseda  iuica/a  alw  famishes  a  jrellow  colouring 
.  which  is  bighlp  prized  for  its  solidity  and  dtirability. 
f'C  H,^0,;  Moldenliauer),  aBthi«siibstAucci«tcrtDi>d,  Diny 
froiii  the  ciriod  plant  by  means  of  Imiling  water ;  it  is 
atiUiliIu  ID  alcohol,  li-as  so  in  ether,  aud  but  very  spurinKly 
It  may  be  tublimod  unaltered,  and  condcu^cs  in  yellow 
The  alkalies,  lioth  canAtic  and  carbonated,  dissolre  it 
ly,  aud  form  det^p  yellow  itulutioiui.  Cold  sulphuric 
tJiMotvcs  it,  and  deposits  it  unaltered  ou  dilutiou.  Ita 
vidd  yellow  lakes  with  alum,  protochloridc  of  tin,  and 
ad. 
J  ..  .:an  Bfrriet. — The  fruit  of  various  spedes  of  Rkatniw), 
fUhercA  before  it  is  fully  ripe,  roiitaina  a  cousiderable 
of  a  yellow  colouring  matter,  termed  c/rryto-r/tamnm 
^  '^.  Thia  suhalaiice  may  be  extracted  by  means  of 
!<  dcpoaits  it  in  brilliaut  stellate  groups  of  goldca 
'.  Je  i  aa  alcoholic  wlution  of  this  compound  yirlda 
..  „.-  ^^Iiolio  solution  of  ocetatu  of  lead  a  yellow  lake  (2  PbO, 
O,,?).  Clirjso-rhamnin  is  nearly  imoiublo  iii  cold  water, 
boiled  with  water  it  is  partially  di.<«olvcd,  and  is  courcrted 
compound  tpmicd  stmtfio-rhamnin  (CyH,,0,^  ¥),  which  ia 
e  uf  ibc  couGtituenta  of  the  ripfi  berriea  (Kane).  Gcllatly 
Ikat  xaniho-rhnmiiin,  like  the  glucosidcs,  splits,  when  trcatfd 
dilute  acid,  into  a  rc»in  and  gliicotR*. 

.  {'urnre,  or  Indian  YeUote. — This  substance  has  been  parti- 

Y  I  by  Steuhouse  and  by  Krdmann.     It  is  a  colour- 

L  o"'/  esteemed  by  artists,  and    is   vtippo^ed   to   be   of 

,1  ;  it  is  sold  in  niasMa  of  three  or  four  ounces  in  weight, 

havn  pxieriurly  a  dark-brown  colour,  but  when  broken  are 

Hi|[bt  oraugv-ycUow.     Its  odour  is  peculiar,  and  rei*cmbles 

"  GWMtorruD).     This  snbatanoo  consists  chiefly  of  the  mag- 

mdt  of  a  iieciiliar  acid,  termed  psrreic  or  ntxanlhic  acid. 

it  *carae}x  soluble  in  water  or  ia  aicobol,  but  it  13  ei\ViK;\'j 
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tolnblc  in  boiling  dilute  hydrochloric,  or  in  ftcetu  »d' 
pale  TcUon  needles  of  cuxantliic  aciti  (HO,C^H^.O, 
are  deposited    in    sU-llalc  j^ups.      It    is    *oinL-what 
boiling  wfttor,  nnd  is  reatlilv  diwolveil  hjr  boiling  tl 
etbcr.     Cold  wut«r  dissolves  b»t  very  little  oT  it ;  dka 
Mods  di^fiolre  it,  and  form  a  yellow  liquid.      A  solntion 
tliate  of  potn»h  when  mixed  nitb  the  jtolulions  of  tlii^  u 
earths  givL-«i  brilliaut  yellow  Bpariiigly  Aaluble  preci 
oiX'tatc  of  Icftd  it  ronoB  a  yellow  insoluble  lake. 

Wben  ciiXKtitliic  tuad  ia  heated  in  &  Kninll  lube  to 
a  little  above  311'^,  it  melts,  aud  &  yellow  Huhliinate  of  ^ 
ruxantkone  (C^jjUuO,,)  ia  formed,  whilst  water  axid  cart 
ftre  evolved  :  it  is  »1m>  obtained  by  transmitting  cbloriiu 
a  hot  lolutiou  ofciuftiitbic  acid  ia  abwlutc  alcohol ;  and 
compound  is  pro<l»ccd  when  ciuumtliic  acid  i&  diioolTad 
Titnol,  tbe  stolution  graduidly  depositing  erystal*  of  en 
Hie  sulphuric  solatiou  coiitaios  a  ucw  rrolltgatcd  acn 
au^tkahemathioNic  acid,  the  cotnposition  of  which  is  doul 

The  yellow  dycn  are  not  often  used  nione.      Thry  are 
employed  id  combioation  with  other  colours  to  modifj 
to  pnxture  co(n[Wuod  coloura>  as  when  miicd  with 
doec  green. 

(1313)  TiiE  Rkr  DvEii  are  of  greater  importance: 
madder,  logwood,  }lrazil-wood,  cumwood,  sandal^wood, 
cocbineal,  and  lae  dye,  aud  Ihc  anilino  dyes,  are 
extensiTe  n»e. 

(1313)   I.  Haducr  ia  tbe  root  of  the  Jtuliia  ti 
wbick  is  grown  largely  in  tbe  Levant,  in  the  South 
in  Alsace.     It  in  consumed  in  ntonnuiu  quantities  for  4] 
and  piirplts;   Turkey  red   cloth  owes  its  brilliant  bt 
cotcHiTing  matter  of  thi»  root.      The   com |>cMitii)ti  of  tb 
toot   kn$  licFii   the   sutijcct  of  many  ehemical    in 
utost  recptit  and  complete  being  those  of  Rocbloder 

According  to  the   microscopte  ohecr>'atiou»  of 
madder  root,  whilst  growing,  does  not  ootilnin  any  rr^ 
nattrr ;    but  its  orlJs  are  filled  with  a  ycllo' 
incTTa^ea  ia  quantity  with  the  age  of  the  root ;  an 
exposure  to  the  nir  abeoLrbs  oxygen,  mticr  wbieh  the 
developed;  au  obserration  which  agrees  with  the 
Uiggia  and  of  S^chuiick. 

Aoeordiflig  to  the  Ust-iiamcd  dwtuut,  the  madder; 
ttXnc,  in  aiV<!litt<in  to  lignrmu  fibre,  Donlait^a  tcvenl 
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bioD  yields  two  coloufiiig  matters,  alizarin  and  rutdncin, — tvo  resins, 
pectic  add,  aud  «  bi-offn  substancB  vhicU  is  probiibly  a  product  of 
oxulfttion  of  Komc  of  the  fore^ing  bodies.  It  also  contaius  oxa- 
^tc  and  phosphate  of  lime,  bc^tidcs  other  s^uliiic  mutters. 
H  Some  of  these  bodies  arc  lujurious  to  the  brilliaDcjr  of  tlic  dye. 
2Uisarin,  according  to  ScKimclc,  is  the  only  true  dyeing  jmiiciple 
of  the  madder  root.  It  has  already  bc«n  stated  that  alizarin  does 
bol  exi»t  ready  formed  in  the  growing  root,  but  that  it  is  produced 
liy  the  dccom[iositioii  of  ruhiHii;  And  it  is  well  known  to  thu 
dyer  that  the  full  colouring  power  of  the  root  is  not  developed 
outil  after  the  dye-stuff  has  uudergoac  partial  fermontatiou. 

In  onlcr  to  L'xtnu;t  the  whol«of  the  coloHringnintcnal,  Scliuiick 

<)is»olvc)>  out  the  solutjle  niatttT  from  the  ruoLnitli  water,and  dcnom- 

poscs  this  oululJoD  by  boiling  it  with  dilute  acid,  when  the  whole 

of  the  colauT-giving  portion,  including  the  aliz.xrin,  is  precipitated. 

If  thi«  precipitate  \u:  Iwikd  witli  water,  the  alizarin  is  disitolvcd, 

and  the  rubiucin  and  the  resins  are  left     Another  plan  of  obmiuing 

Bltaariii  consii^ta  in  reducing  the  root  to  a  coarse  powder,  treating  it 

with  hot  sulphuric  acid,  and  well  washing  it  till  the  la^t  traces  of 

acid  arc  rcnioTcd ;  the  eirthy  matters  are  llius  rendered  soluble, 

aad  everything  which  water  will  take  up  ia  removed  j  but  nearly 

tlie  whole  of  the  alizarin  remains  untouched,  since  it  is  insoluble 

ia  water  coutiiuing  free  acid;  the  undissolved   mass  when  dried 

i»  largely  used  iu  the   print-works  under  the  name  of  garancia. 

By  hoUiiig  this  garanciu  in  a  large  qunntity  of  water,  the  colouring 

matter  is  diK«oked,  and  on  adding  snlphuric  acid  it  is  precipitated 

mixed  with  several  impurities.     If  this  precipitate  be  well  washed, 

^rivd,   and   submitted   to   sublimation,   beautiful   orange-coloured 

H^lc«  of  alizarin  arc  obtained  ;  these,  if  washed  with  cold  alcohol 

Bid  dried,  arc  perfectly  pure. 

W  ('3»4)  -J/i--«W«  (C,,H/\  +  3Ac,,  Schunch;  C,„H„0,-f.4Aq, 
Strccker). — ^This  is  a  red  crystalline  matter  destitute  of  odour  and 
of  taste;  it  ia  neutral  to  test-papers,  and  is  almost  insoluble  in 
cold  water.  It  iiv  hut  sparingly  soluble  in  hot  water;  hot  alcohol 
diiaolrea  it  more  freely,  and  if  tins  solution  be  cvniroratcd,  alizarin 
ia  deposited  in  plates  rcsemliHtig  those  of  Mosaic  gohl.  It  is  also  ■ 
■olubic  in  ether ;  ncida  brighten  its  tint  but  do  not  dissolve  it. 
Pota*h  dis^lves  it  frcoly,  and  strikes  a  beautiful  purple;  but  it  is 
precipitated  unaltered  on  adding  an  acid  ;  with  lime,  harj'tfi,  and 
oude  of  iron,  it  forms  iuxobible  purple  lakes.  With  alumiua  it 
(bnns  a  beautiful  red  lake  Alizarin  is  not  dccoraiioscd  even  by 
tnding  suljihuric  acid,  which  ili^solveit  it,  and  on  dilution  dcpo&it^ 
it  unchanged.     Boilinj;  dilute    iiitric  acid  couvcila  &\\x%t\w  \vi.\<a 
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phthalic   (alizitric)  aad,  nad    pmlKibljr  into  ouUc  iddj 
xod  Wolff),  wliilst  nitrous  -rapoura  arc  crolfcd:— 

Altnria.  PUMeadd.  Owltetrit 

C^7>l+H,0,+a  0,  =  a  H0.C,.H,6i+ 1  HO.C.Oi 

The  crjstab  of  aliz&riD  dc[>oEiU-(l  from  it«  spirituotMl 
solutiou  loie  about  18  per  cent,  of  water  st  3i3°.     B| 
about  4.20^  alizarin  U  sublimed,  Imt  i>krt  of  it  av 
potsittun.       Tlie    nuMimate    fornu    boaatiftil    trat 
coloured  ueedlw,  which  are  aobydroos  and  of  high  U        _ 
(73 15)  K«6ia»(C„U,40^?  ScbuBck):  thcHuAtrtlMct 
Boclilcdcr  ?— ^Tliia    is    a    bitter    ancfyatallijtable    ]mocipbv] 
under  the  iiiQuciicc  of  acids,  of  alkalies,  ami  of  a  [locu 
ferment  (AVjr/Aro2ym)  oontaincd  in  tlic  tnnddcr  root,  il 
into  a  fertneittiible  sugar,  mid    into  nlisurin    am)    oUii 
mattera.     Syuaptaac  produoc«  a  umilar  ducomposttioii 

The  preparation  of  rubian  in  a  state  of  parity 
Schunck  takes  advantage  of  ita  tendency  to  ooiitmci 
combiuation  with  charcoal,  and  recommends  that  gr 
be  digested  in  hot  water  (1  lb.  of  madder  to  a  gallon  of  1 
that  the   midis«oIvcd   portion   be   vtmincd   ofl^  attd  tiMt 
gallon  of  the  hot  liquid  an  onnceof  booc-chaieoal  be  1 
mixture  after  hriuk  agitation  i«  to  be  allowed  to 
charcoal  collected  on  a  filter  and  washed  with  cold  Trratcr, 
washings  no  longer  beoome  green  when  bcatcd  with 
acid.  The  cliarcoa)  which  has  been  thus  treatel  has  I 
with  rubian  ;  it  is  next  to  be  boiled  with  aloohol,  and  tliiil 
ifl  to  he  repeated  so  long  o»  irtxii  alcohol  acquirea  a  jrrlL 
when  boiled  with  the  cfaarcoaL     The  alcoholic  aolQliaBai 
ration  yield  rubian,  contaminated  with  a  variable  amc 
and  with  a  green  eolounug  matter :   this  oulotmug 
however,  be  got  rid  of  by  treatiug  a  Bohitiou  of  the  rut 
a  second  time  with  charcoal,  and  repcatin]^  the  entirr 
alcoholic  solution  when  evaporated  leaves  tlic  ndu>ui 
of  B  brittle  transparent  mass  of  a  dark  vellow  eolonrj 
diicd  gum  or  raniish.*     It  is  not  dcliquDscent,  bat  a  : 

■  £MhlM)c>r'«  niltorytkrie  mU  WM  otrlniin-ii  in  pryinlt  fimmj 
of  mixMaT  bj>  npp*niin|{  tlicr  allzarta  ai>  ' 
of  nculmJ  nivtalv  of  )nd,  and  tli«o  piwi: 
oTIniJ.  dreonifCMinM  tlib  p(vdriiu(4.>  wid 
ttie  suljihiilo  of  liMid  with  akwIiFjl  (tKi-  ; 
iMill.  Jh*  rubiaa  U  ili*$oWcA  t.j  ihv  u ' 
banrla.  AiMOltml  In  illlulp  nc<-tip  aen],  i 
andegaintwattd  *i\U'»u\pV^t\\c4\^^iuT^^..  B,.v«  \m  wv\ 
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\n  water,  1cm  freely  so  iii  alculiol,  and  insoluble  ia  cih< 
to  kbouL  ■266°  it  mclu^  ■well«  up,  dtwngages  wmt 
off*  ormngo  rspoars  of  altzarinf  loarin^  1  bulky  carbo-" 
residue. 
lutioDB  of  rubiaa  are  of  a  pale  yellow  colour;  lliey  nrc  not 
by  tlic  metallic  salts  generally,  but  if  mixed  with  6ub- 
\etu\  au  iosolubln  compound  is  fornied.     Alkalies  chaiif^e 
of  a  solution  of  rubian  into  Mowl  ni  ;  bat,  if  tlivy  be 
neutralized  by  the  sdditloa  of  aa  acid,  the  yellow  tint 
if,  tiowcrcr,  the  alkaline  liquid  be  boiled,  iU  colour 
to  jmrpte,  and  on  tbc  addition  of  an  add  red  fltxscali  sro 
.      Oil  of  vitriol  ronns  a  btood-red  solution  with  rubian. 
acid  hiui  little  actiou  upon  rubian,  but  nbeii  bcated 
red  nitrous  fumt»  nrc  evolved,  and  aiisaric  (plitlialic)  add 
I  found  ID  tbc  liquid.  ^B 

■olution  of  nibian    be  boiled  with  dilute  sulphuric    olH 
ic  acid,  orangc-colourfd  floccuK  arc  predpitatcd,  and 
itiisable  sugar  remains  in  tlic  liquid.      Tbeae  onloured 
eoii«ikt  of  aliurin,  rnbianiu,  and  tiro  resins.     For  the.. 
'  ftcporatiitg  thctc  bodies,  the  rcatdcr  in  referred  to  Schunck'i 
YML  TVcriw.  iS^i,  p.  44^5). 

(C,^ll,^Oyj?)  is  deposited  from  its  solution  in  boilii 
in  ailky  tomon-yelkiw  crystals,  which  are  soluble  in  boiling 
[Oil  of  vitriol  di.iwiKic*   it   with   a  yellow  colour;  on  tbc 

of  heat  to  this  solution  it  liccomes  blackened,  and^ 
ful()l)urous  acid.     Nitric  acid  dissolves  but  doe«  not  do^B 

tit.  " 

(Cj,HnO,p?  Schunok)  is  one  of  the  component*  o( 
ial    madder ;    it  assumes  the  form  of  beautiful  orans 
tabic*!  or  of  brilliant  yellow  nccdlcit,  rtiwcmbling  those 
lead.     It  ia  sparingly  soluble  in  boiling  water,  bat 
dittMilvtid  iu  alcohol ;  it  mny  with  ease  be  sublimed 
itiibiiicio   is  a  ootniwunJ  of  connidcrablc  viability;  its 
ia  uil  of  vitriol  may  ht-  boiled  without  undergoing  decom- 
Bydrate  of  aiumina  acquires  an  orange   tint    when 
iritli  au  alcoholic  solution  of  rubiacio.  ^H 

rubiocii)  t*  dimulviKl  in  a  aob  1  Lion  of  perch lo ride  or  pei^B 
!  of  iron  it  given  a  bniwuisb.red  liquid,  whteh  oa  the  addi- 
tn  Bcid  deposits  tlorciili  of  rui/ianic  acid  (I10,CsjlIiOjj?J 
J  t*  disfiolrod  by  the  alkalies  nith  a  purple  colour. 

'   -'  V  alcftbol-     Oa  ovBpcntioQ  of  the  Blcoboli« 

11  crj-ntalii  (0;,ll«,l)„  ?).     Scliunckoon»ider*tbu 
iin,  i/t  »"  •i«vo(Di>»f^a  oTrubiiMi,  and  pot  rubian  iUe\f. 
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For  further  details,  tbe  reader  U   referred  to 
Schunck,  Licbig'o  Amuxl.  \xn.   175  j  i**»/,    TVwm*. 
1855  ;  and  of  Kochledor,  Liebig'a  Anwtl.  Ixxx.  511,1 

(1316)  a.  l»oowooi>. — ^Thia  valuable  dyc-fliifT  is 
eoiplojcd  for  djctog  block  willi  alum,  but  ncirls  d 
to  rc<l.  It  i*  tlie  produce  of  tUe  UrBiualtxtyhi* 
It  coutaias  a  crystalline  matter  t«rnie<l  ItipmaiitTylin 
3  Aq  aud  6  Aq ;  Gcrhardt),  wliicl),  lionerer,  ia  ila  ptuv 
not  red,  but  alravr-jellow  or  lioncv>yeltoir.  ITiidcr  tlic 
inftueuce  of  tUe  alkalies  ant)  oxygeu  it  aaiuiuc^  an  in 
colour.  Id  order  to  obtain  hicmatosylia^  powdered 
(Mitract  of  logwood  mixed  witli  quartzose  annd  (Co  |iri-rcnit 
o^lauicrutiug  iuto  nia»cs)  is  digested  for  wvvral  dars  « 
or  six  times  its  volamc  of  ether.  The  liquid  is  ditttliod 
acqiiiren  the  consistence  of  syrup;  it  is  tlien  mixed  witli 
and  sot  aside  io  a  vesicl  loosely  covered,  hx  the  ooune* 
days  the  ha:matoxylin  is  deposited  in  crystals.  Extnc^ 
wood,  when  thii»  treated  yields  from  one-eightfa  taonoHl 
weight  of  til  is  subHtuiicc.  H| 

The  crystals  of  lia:matoxylin  arc  transiarciit,  ami  a 
long,  yclluv,  brilliant  four-.tided  needles:  these  ciy^tab 
■ixoiiuivulenla  of  water,  vrliieh  they  lose  at  211*'.  Ifii 
of  hsQcaatoxylin  saturated  at  the  boiliitg  [>oiac  bo  allowm 
\a  a  closed  vcsm^-I,  granular  crystnU  with  lAq  arv  da 
licemntoxylin  lias  a  sweet  taste,  free  from  astringency,  like 
liquorice.  It  ia  sparingly  soluble  in  cold  water,  but'resdO 
b:>iliiig  water.      Ether  und  alcohol  dissolve  it  freely.     ^H 

Solution  of  acetate  of  lead  fS<ien  in  one  of  Itsnaloi^H 
precipitate,  which  siieedily  becomes  blue;  salts  of  cc^| 
dirty  gn-cti  prvcipilatc,  which  also  quickly  beoomea  U^H 
of  barium  occaaions  a  red  precipitate ;  protochloridc  olH 
rose-coloured  lake,  and  iron  alum  a  Kanty  blacki»h  tioIk] 
tatc;  onhunrr  alum  gircs  a  red  solution,  hut  docs  Dot  I 
any  [ii-eei^iitnte.  A  deep  lihte-hlnck  iuk  may  be  prepared  In 
dissolving  130  {p^ins  of  coiumorcia)  extract  of  tngnood  inj 
water,ntiil  adding  i^graiusofchrotuatc  of  potash,  but  il^H 

Sulphuric  Slid  liydrochluric  audn  hitve  but  litlU:^| 
hBcmatoxylin,  htit  diluted  nitric  acid  oolours  it  red.  (^| 
niiHo  acid  cooverls  it  into  oxalic  add.  ^^ 

SoUitioii  of  potash  c<iininunicntcs  n  violet  tM>t  t'>"i^H 
toxylin,  and   if  the  sir  havo  aoncai  to  tbe  .^^ 

Incomes  flmt   blue   nnd    then   brown,  whilst    oxyg^^H 
Solutions  of  hactiiatoxyliu  arc  not  altercU  b;  exp(4p^| 
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solution  furnishes  sn  exceedingly  delicate  t«st  of  the  pre- 
•fnmmoaia  or  ita  onrboniU«,  in  wliichcssc  tho  liquid  acquires 

tint,  trhiUt  oxyg<>ii  is  abftorlicl,  And  hicmatcitte  of  ammonia 
td,  Qud  may  be  olilaiDed  abundantly  by  au  additiou  of 

UDonia  may  be  n:nK)vcd  from  tbtH  compound  by  means  of 
icid,  wlipn  the  hamatein  (Cj^HijO^j)  i»  preoijiitaied  la 
red  flocculi,  resembling  liydrated  [leroxidc  of  iron. 
ia  sparingly  aolulilc  in  cold  water,  but  is  more  readily 
to  boitiii^  wHtcr,  and  tlin  solution  on  craporatiori  yield*  a 
masfl  of  grocu  crystnU  with  a  metallic  lustre.  Sul. 
hydrogen  combines  with  bicmatcin  when  transmitted 
lb  solution,  niid  dc|irives  it  of  it*  colour  ;  ttic  Holiition  by 
to  sir  loses  the  sulphuretted  hydrogen,  and  dcitosits 
d  bflcmalein. 

tAi  dissolves  hiemntelri  with  a  blue  colour,  which  bt'ccmcs 
lien  e^ipobfd  to  the  air.  Its  ammoaiacal  solution  is  of  a 
lie,  which  also  becomes  bronu  on  exposure.  Hsemaleate 
ai&  yields  ctduurcd  precipitates  with  many  metallic  salts; 
lale  of  lead  it  givca  a  deep  blue,  with  niilpliittc  of  copper 
line,  with  protochloride  of  tiu  a  violet,  and  wilb  irou  alum 
ircciiiiuitc. 

4.  Bkazil-wood  is  the  produce  of  tbu  (Ufsalpinia 
It  yields  by  treatment  with  aleobol  yellow  or  orange 
4 brezilin,  which  are  likeviec  aolublcin  water  aiid  in  clber. 
oeially  the  citric,  give  it  a  bright  yellow  colour ;  vith  alka- 
es  K  violf-'t  or  purple  colour:  hence  it  is  nomRtimt^  used 
of  the  presence  of  alkali  id  a  free  Mate.  It  absorbs  ox  ygeu 
itifliieucc  of  ammonia,  with  which  it  forms  a  definite 
d,  analogotts  to  that  obtained  by  similar  means  from  log- 
rY!zilin  forms,  in  combinntiou  with  alumina,  the  basis  of 
Like  hipniutoxylin,  it  is  blenched  by  niuicvnt  liydrugca 
•nlntiu  retted  hydrogen.  Sapan-woad  and  ramwood  are 
yield  the  aame  colouriujr  principle  as  Brazil-wood.  The 
these    red    woods,  thongh  brilliant,   is   not  very  per- 

Mt-wooif,   alkawt  root,  aud  some  other  substances  aUo 
'.  r-a,    but    in   general    the    vegetable  r«!   colours  arc 

coiouriiig  mntlcr  of  alkanet  is  soluble  in  oila. 
4.  SAprutwen  ia  obtained  front  the  petals  of  the  Car' 
TliCde  (KtaU  contain  tno  colouring  friDci()le«, 
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one  of  wliicli  i»  jeWavr  utd  soluble  in  -water,  but  u 
the  (Iyer  :  it  ia  &  veak  acid,  of  a  biller  tA»te.     If  ui 
taffluwcr  be  mixed  vritb  nu   acetic  solution  of  aocUta 
soluble  yclluw  t.a]t  of  lead  is  formed,  from  witicli,  on  t 
of  RtniRDiiia,  a  mlsult  is  precipitated  iu  durk  yellu*  111 

Tbe  really  valuable  colouring  priuci|>lc  of  the  saffli 
and  in  cmptoj-cd  In  the;  ()ri;paratioi]  of  j/inJc  tauctrt 
for  imparting:  a  beautiful  aud  brilliaut  n»c-red  to  i 
quickly  wbeu  exposed  to  the  sun's  light. 

Citrthamin  (C^^Hi^OiJ,  a*  thia  aubwlanec  ia 
in  water  and  iu  ucidtt,  but  is  easily  dissolved  hy  the  i 
adding  an  acid  to  the  solution  it  is  again  precipilated 
soluble  in  alcohol.  CArtlininin  ma/  be  nbtniuc 
saSlower  in  vreak  acetic  acid,  in  order  to  retnove 
AtuiT;  tbe  iranhed  dye  is  next  digested  in  a  M)tutiou 
of  sodn }  a  itkuin  of  cotton  is  tlica  placed  iu  ibc  liquid, 
juice,  or  a  solution  of  citric  acid,  is  added.  Tho  ootto 
chanically  removes  the  flocculcot  precipitate  of  cmrti 
the  liquid  ;  tlic  yarn  must  bcvtoshctl  with  cold  water, 
ing  matter  again  dissolved  by  carbonate  of  soda,  and  tc| 
by  the  addition  of  citric  acid.  Cartlianiiu  nhcti  di 
IKilvcrulcnt  subatanec;  it  has  a  greyish  metjJItc  li 
vicTTcd  in  msM,  but  iii  tbin  layers  it  ia  of  a  bcauttf 
red.  Ita  sulutious  in  alkalies  gmdually  absoi  b  axjgen  i 
altered. 

(1319)  5,  Cauuinb  is  contained  in  the  Coceiu, 
colouring  matter  of  tho  cocdtiaeal.  After  treating 
iuttects  with  ether  to  remove  tbe  fat,  the  iuaolubic 
dij^csti'd  iu  water,  and  on  adding  acetate  of  lead,  a  l 
precipitated  of  a  pur|ile  colour.  This  mnst  be  well  1 
compoecd  by  sulphuretted  hydrogen,  aud  the  filMM 
eraporatcd  to  dryness  in  vacuo  o<cr  sulphuric  iicidi| 
Hulls  the  colouring  matter  of  the  cochineal  thus  obtaiai 
acid  body,  wbieli  he  terms  carminic  adtl  !<'  "  " 
purjile  brown^  fnablc  moss,  soluble  in  all  j 
and  in  water,  but  Tcry  slightly  soluble  ia  ether  t 
solved  undianged  in  strong  sulphuric  nod  hydr 
Nitnc  ncid  even  if  dilute  docomiiosics  it ;  ehluKii 
bromine  also  deoomjmce  it,  and  cbnnge  its  cotour  loj 
lixed  alkalica  change  the  colour  of  I 
ihr  olkuliiio  earths  giro  purple  pi 
jiruducrd  (ill  nminonia  ia  addu],  whcii  it  latlt  ia  1 1 
I'fvcipitab;,     Tbe  kkc»,  with  itccuto  of  k'ad, 
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inc,    anH    ftlrcr,  arc  purple;  nith  »i]U  of  tin  a  brigbt 
wolulioii  if  ithuaiuifi. 

carminic  aoJ  is  IreAtcil  vltli  dilate  uitrio  add  it  jielda 

A  vellow  colour,  which   cn'stallizt-s  iti   rhombic  pUtca  ; 

soluble  in  Iwiling  water,  in  alrolitjl,  and  in  ether.     It 

nifrocoecttasic  aad'{2  H0,C,4Hj,(N0,),0  +  jAq),  aud  is 

with   trinitnomc  acid.       It   dcffagratcs    strongtr  when 

Its  naltfL  are  aoluble  in  water,  nnd  moat  of  them  arc  nlso 

by  nictihol.     CocliiiiciU  is  cxtcoaivcly  employed,  in  com* 

rith  oxide  o(  tin,  as  a  scarlet  dye  for  cloth. 

ho   Dve  is  r«r^-  similAr  to  cochineal  in  itA  nature,  being 

■bed  by  a  -qiecies  of  cogcub.     Of  late  years  this  dye-stuff 

extensively  subetituted  for  the  more  costly  cochineal, 

ruisbcs  Acarlvtft   t-i^uallr  virid,  uud  cren  more  permanent, 

pinkft  arc  not  so  good.     In  dyeing  scarleta  the  liquid 

ibr  di^ool ri lift  the  eolouring  matter  is  a  »olutiou  of  tiu 

itnitcd  hydrochloric  acid,  3o1b.  of  anid  hving  rc4{uirc<I  for 

of  tin  ;  the  dye-»tufT  is  digested  in  an  cqiisl  neight  of 

I,  and  tlx;  cloth,  after  bcin^  cleansed  by  boiling  with  fuller's 

introduced  into  a  bath  containing  it  viortlani  composed  of 

of  protocliloride  of  tin,  prepared  by  gradually  dissolving 

in  a  mixture  of  27lh.  of  hydrochloric  uciil,  and  iflb.  of 

(ap.  gr.  rig).     In   order   to   dye    icolb.  of  cloth,  tlie 

proecw,  according  to  Drc,  is  adopted ; — 300  gallons  of 

raiflcd  to  tjo°  in  a  tin  boiler,  and  i',\h.  of  sohitinn  of 

Bt  and  a  luuulfiil  of  bran   are   added  ;  when   the  liquor 

skimmed,  and   loj-lb.  of  loc  dye  prcriou»ly  dissolrcd  in 

and    i^^lfi.  of  ninrdant,  arc  iiitrothiced ;  immedintdy 

cb    lo'lh.  of  hitartrate  of  potash,    and    40).  of  ground 

aa8]teiidcd  in  a  bag  in  the  bath  for  five  minutes,  and 

Irawn  ;  the  fire  ia  now  cxtinguiMhrd,  niul  zo  galloQB  of 

cotitaiiiing  iclh.  more  of  ttn  niordiiiit  nre  added,  after 

cloth  is  introduced ;  the  liquid  is  then  boiled  for  an 

at  the  otid  of  tliat  time  the  cloth  is  iPtthdrann  and  well 


y.  ^TKACt  OF  Aloks. — -Thifl  substance  may,  by  the 

trie  arid,  be  made  to  yield  rarious  compoHnd*,  which 

iug  fixed  by  meaimof  mordnntettpon  silken  and  woollen 

rhich  they  impart  dyes  of  great  durabdity  and  beauty. 

if   alov^    cmtaiiis    a  eom]>ound    termed    aloin,    wliicli  is 

|:iiL  iu  ffut<:r  and  ru  alcohul ;  when  cipoeod  to  tlie  air 

oxygtiQ)  And  becomes  of  en  intense  red  colour. 

'C^H,^0,,?  Steubnnse). — In  order  to  eitnict  this  aaVj* 
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fttatuK,  povdered  Batbadocs  ftloes,  mixed  witti  und  to 
{mrtides  from  agglomcrauug,  ue  trc&tod  with  cold 
Aai\  liquid  tliua  obtkiued^  if  evaporated  in  hhmmo  lo  tbe 
of  »ymp,  and  left  for  a  few  days  iu  &  cool  place.  deinoU| 
crystals,  whicb  are  more  or  less  deeply  coloured;  tbcaej 
pi«*8cd  between  folds  of  WoUing  paper,  and  rcciTaulbf 
water,  the  tcmpcrutiire  of  which  is  not  to  exceed  ijc". 
also  be  obtainnd  in  crjfttals  from  a  warm  aloobolic  aoluti 
of  pale  yclloT  uccdlcs.  Capo  nloc*  ood  Soootriuv  ali 
tain  (Join,  but  it  is  accompanied  by  a  large  [troportl 
matters,  wIUcli  iutcrfere  irith  its  crjatalliuitioQ. 
neutral  Bubslancc,  with  a  »wcctish,  ictcuscly  bitter, 
It  coiutitutcs  the  purgative  iagrcdiect  in  aloes.  A 
ture  uf  212*^  it  is  rapidly  altered  ;  at  300^  it  melts, 
strongly  in  the  opca  air  it  buros  with  a  smoky  fliitiiv. 
both  caiititic  and  carbonated,  dissolve  it  readily,  foi 
coloured  aolutioos. 

AVhcu  extract  of  aloes  i»  treated  with  nitric  a< 
CfirjfMMmic  atid  (HO,C„]l(NOJgO,  ?).  Thi»  coi 
tatued  by  treating  extract  of  aloes  for  some  days  w: 
weight  of  nitric  acid  (sp,  gr.  1*37),  distilling  off  the 
of  the  acid,  and  ihco  adiling  water ;  chry wimmic  acii 
tate<1.  It  is  ucarly  insoluble  In  water,  but  solubloiu  alt 
in  etiter,  from  which  it  may  be  oblaiucd  la  golden  ycUa 
im  tlie  application  of  heat  it  ia  dooumpoeed  with 
flahs  are  soluble  in  hot  water  and  form  deep 
most  of  them  may  be  cryKtulliied,  and  the  crysuds 
metallic  lustre.  Ammouia  dissoWcs  tbe  acid  with  tl 
ofa  beautiful  purple- oolourfd  nohition,  from  which,  on 
of  a  neutral  salt,  kucIi  aa  nitrate  of  poCiub,  an  amida: 
is  depoflited  in  hrilUaiit  dark  grecu  needles,  which  exe: 
action  upon  light  which  is  traumitted  through  them. 

Schniick  finds  otiicr  adds  iu  the  mother  Uij' 
the  chryttaiDmic   acid   has  beeit  ae]>aratcd  ;  one 
£hty$olq>ic  acid,  appears  to  be  identical  with  earl 
other  resinoid  acids,  the  alociic  [HO,C,,ll,tNOJ,0 
aloeretifiic,  arc  also  formed  at  the  swme  lime: 
tensely  bitter  taste,  and  ibrui  red  sAlta. 


imt 


(1321)  Bu'if  PvES. — I.  Indioo.— The  most  i 
hllio  colouriug  matters,  atiO  thouitc  wliii-h  ha*  brcu 
Rtadiod,  it  iudigu,  which  is  chiefly  obtained  frtm 
nnoui  a^cciira  o(  t\t&  liidiyoXcro.    ^^t^i^  "oa&S^ 
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Jonring  materinl,  termed  ind'tgotin,  or  indigo  bloe,  from  which 
lerous  ilcriratiToa  belonging  to  the  indigo  scries  have  beea 
prepared.  Such  of  tliena  aa  contniii  nitrogen  have  hitherto  bcco 
procured  from  uatnral  iuiligo  only,  but  by  the  metamorphosia  of 
■xotisRil  compountU,  bodies  of  a  less  complicated  order  hare 
!n  obtained,  iniiTiy  of  which  bi'tong  to  the  salicylic,  the  •juinic, 
tbc  phcuic  grouiw.  The  following  are  the  moat  innportant 
the  immndiatc  derivstives  of  indigo ;  if  indigo  blue  be  described 
indcr  the  term  inilyl,  tbcir  rcliitious  to  it  will  then  be  represented 
Dy  the  formalffi  of  the  fourth  column : — 

IndiBoblue    ....    C„n.NO,z::  Indyl    ....  In  ^ 

■WLn«indifo.    .    .    .    C„H.NO,=  Ilydridcof indyl  In.ir  S 

I«»lia C,.U,NO.=  Onide  of  indyl     .  In.O,  ^ 

I*»iic«dd.    .    .    .HO.C„H,K0,=  HO.iii.H.O, 

I«ah*d c,H.No.=  lo^^S''''"'yl*»^i|j'io.       ^ 

'  m    t      I      I   of  hyaroaen  ,    .  t  H  (     »         ^H 

IwJiu C„H,„N,0.=  P^I"".'***'.'*^.";jli-«  ■ 

Hjrdrbdin C„H,iN',0,=     Hydri.U  of  india     Iiij.II.  ^ 

(ij22)  Condition  of  Indiffo  ia  thv  PlatU. — Indigo  is  extracted 
the  leu.vc«  of  a  variety  of  plants,  principally  the  pwduce  of 
lia  and   America  :  it  is  especially  obtained  from  the  various 
inda  of  Indif/ofera.      The  produce  of  the  Ijidiyofera  anil  was  pnr- 
ieularly  examined  by  Che%Teul :  the  hati$  tinctona,  or  common 
'woad,  and  several  other  plants,  niso  yield  indigo  in  small  quantity, 
lead  it  h»B  been  stated  to  occur  occasioaally  in  the  milk  of  cow^, 
id  in  human  urine  ;  so  that  in(li!>:u  rany  be  produced   iiuder  cir- 
Qstances  apparently  widely  different. 

Tlic  blue  colouring  matter  of  indigo  ie  not  eoluhlc  in  water  or 
in  alkaline  ley»,  but  by  treatment  with  deoxidizing  agents  in  contact 
itb  water,  it  may  be  made  to  combine  with  an  additional  equ)Ta> 
lit  of  hydrc^en,  and  produce  a  white  substance  termed  rednced 
>,  which  \»  al:K)  iiisolubtv  In  water,  but  is  soluble  in  nlkidinu 
When  an  alkaline  solution  of  this  rednei^d  indigo  is  exposed 
tbc  air  it  abwrbb  oxygen,  and  is  converted  into  indigo  blue, 
which  is  precipitated  in  tliu  insoluble  form. 

In  their  growing  state,  the  plants  which  yii^ld  indigo  give  no 
j  evidence  of  its  presence,  the  juice  being  of  a  yellow  colour.  CheiTCuI 
lupposca  that  tbc  indigo  exists  in  the  plant  in  tbc  reduced  form; 
bat,  as  Schunck  has  shown,  this  view  is  erroneous,  since  the  juiee 
of  the  plant  is  always  acid,  and  reduced  indigo  rctjuircs  an  alkaline 
Itijuid  for  its  Boliiiioa,  Moreover,  as  soon  as  such  a  sulution  is 
etpotcd  to  the  nir  it  lieoomes  blue,  and  this  ia  not  the  caae  with 
rt?  jiiicc  of  the  Tndiffo/era.     Schunck  has  tecenOj  maAc  VVt  oj«*> 
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-tioa  of  the  oonditton  in  irliicb  indigo  is  contnined  in  Cliese  planttlq 
the  subject  of  a  special  inquiry  ;  and  although  at  present  his  ct- 1^ 
pcrimcnts  have  only   bci!a  conducted  u|>oa  tbc  woad,  or  /* 
iiHctoria,   nlii*;])   may   be   madilj'   cultivated   in  tliis  country, 
ictults  nbicb  ho  has  obUincd  po»^cn  considerable  value  autl 
tereftt  {^Manchetler  Memoirs  (1855),  vol.  xii.  p.  177}.     From 
cxperiaicubi  hu  cuucludcs,  th&t   the  woad  docs  not  contain  inil^ 
TeaAy  formed  either  in  the  blue  or  in  tbc  colourlcM  »tat« ;  tl 
the  indigo-prod  licit)  g  sulistance  is  soluble  in  water;  uid  that 
fomiutiou  of  tlic  blui;  colouring  lUulLcr  iu  waterjr  extracts  of 
plant  la  neither  caused  nor  promoted  bf  the  action  of  uxygcu< 
tbc  alkalic:<i,  but  that  the  piniit  contains  a  peculiar  principle,  «l 
he  terms /«Wica»  (CtjII„NOj,?).     Thia  body,  by  its  deconi  poeiti^ 
yields  indigo.      He   found   tliat,    when   heated   with   «ulpbune 
hydrochloric  acid,  it  iras  decomposed  ;  indigo  l>lue,  indigo  ro(l,i 
a  particular  apccics  of  sugar,  Indifflucin  (C|,H,(,0^),  were  furtuc 
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Indicnn  is  a  yellow,  transparent,  nmurpboue  »ub«tancc ;  it; 
very  (l<'li:)ticsocut,  nitd  is  als(.i  soluble  111  sluuhul  iiitd  in  elbiT. 
bati  a  slij^btly  bitter,  nauseous  lustc;  when  boded  «ilb  cam 
alkalies  it  evolves  ammonia.  A  solution  of  inflican  becomea 
bright  yellow  colour  when  nil:icd  villi  alkalic*:^  ur  with  lime 
baryta.  Acetate  of  lead  occasions  a  sulphur  ycUon  precipitate 
its  alcoholic  eulutiou,  but  none  iu  its  aqueous  solution  till  amiuofiii 
lia»  beon  adJcd.  Solutions  of  indican  niiut  be  evaporated  without 
tbc  application  of  heat,  for  if  its  aqncous  solution  be  heated  it  un- 
dergoes a  complete  chanKc;  the  dctncnta  of  water  are  aa»imiUtei)| 
Slid  n  K\ibstance  la  oblalncd  which  is  uot  soluble  in  ether,  and  it 
dissolved  but  in  small  quantity  by  alcohol:  tlic  aqncous  solution  of 
this  uev  body  doi»  not  form  indigo  blue  when  boiled  with  acids,  bol 
it  yields  black  flocculi  consisting  of  two  compounds ;  one  of  wbicU 
ia  a  resinous  substance,  fu»iblc  in  boiling  wat«r,  and  the  other  a 
humus*like  compound,  which  Schunck  cousiders  to  be  ideuticsl 
with  the  indigo  brown  of  Uerzelius.  Tliesc  olwervaiions  show  bow 
iiuportinit  it  is  to  avoid  tlic  use  of  boibng  water  iu  the  picparaciou 
of  iudigu  on  the  large  scale.  Solutions  of  iodican  wbich  have  beoo 
miscd  with  alknlicet,  and  tbeo  boiled  with  acids,  yield  uo  indigo 
blue,  but  u  mixture  of  this  humus-Hke  body  and  resin. 

MxlractioH  qf  ludigo. — If  the  dried  leaves  of  the  Indlffo/era  bo 
digested  in  cold  water  foraomc  houre,  a  green  solution  u  oblabi 
xhioh  wheu  cxpotcil  to  fl^  vlv  u&det^M&  fermentatkHi,  di 
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I^Bieo  is  Mpnrated  in  the  form  of  a  blue  solinicnt.  Tlie 
ot  |ir%t|>anng  indigo,  usually  adopted  iii  tlie  East  ladies,  is 
to  bo  the  following :— the  grwii  phnto,  cut  during  the 
»  of  Jaae  and  July,  juftt  before  flovrcring  time,  arc  placed  in 
B  or  lirick  troughs  of  about  twenty  feet  Aqiiaro  and  four  or  five 
Rp,  the  plants  nrc  then  submitted  to  niodcriitc  pressure  nnd 
lA  witli  water;  aft<>r  thi-  lapse  of  a  few  hour*  a  sort  of  fcr- 
tatm  taSiea  place  in  the  mixture,  which  is  allowed  tocoutinae 
twelve  to  fourtrcii  iiourtt;  ftiumonia  and  carbonic  acid  Are 
the  temperature  rises  to  loo"  or  iio°,  and  the 
the  troa^hfi  heoomes  covered  with  a  blue.  lridc«ce»t  filrn. 
rraentntioQ  proceed  too  far  the  colouring  matter  is  do- 
wheii  the  process  has  reached  *  certain  poiul,  of  which 
^n&icturer  jad;^  by  experience,  the  liquid  acquires  a  sherry 
ir,  it  is  thcQ  dran-n  off  into  other  (rouglia,  where,  ou 
ptating  with  onrs,  the  pigment  is  separated  as  a  deep 
tuW  powder.  The  Eupcmatant  Uquar  is  run  off  ;  the 
firith  a  portion  of  the  liquid,  is  heated  to  the  boiling  [loint ; 
nuse  is  then  drained  on  calico,  pressed,  eut  iuto  cakes, 


'  of  conimcroc  U  W  oo  mciuiH  «  homogeneous  body. 

:_,  -rtaot  coustitueiit  is  indigotia,  or  indigo  blue,  but  it 

aereral  other  substances,  aad.  in  particular  two  bodies, 

inJiffO   hrown   and   indigo    red.      The  brown  colouring 

taoluble  in  potash :  tho  indigo  red  may  be  extracted  by 

'  boiling  alcohol, 

^3)    Indiijo  6Jur  or  Fiidigotm  (C,(HjN'Oj=  13 1)  may  be  scpa- 

thesa  impuritiei  by  llio  ptoccM  of  sublitnation.     If  & 

ity  of  indigo  be  heated  between  two  wutch-gkiues  so 

it  from  the  air,  a    considerable  proportion  of  it  is 

1,  but  a  portion  is  sublimed,  and  becomes  condcnKCd  in 

r-oolourcd  six-aideil  cry»tabi  upon  the  surface  of  the 

ited  on.     Pure  indigo  blue  is,  however,  obtained  more 

ily  hjr  the  following  plan  contrived  by  Pritsche  : — 4  ounces 

sial  indigo  in  fine  powder,  and  4  ounces  of  grape  sugar, 

ia  a  flask  capable  of  containing  10  pints  of  liquid  ;  6 

a  astunitcd  solution  of  cntistic  soda  arc  then  added,  uimI 

ia    filled  up  with   boiling  alcoliol ;  it  ia  then  closed  so 

rent  the  aoocss  of  air,  and  the  mixture  after  agitation  i» 

lo    a    few  hours  it   becomes  clear  ;  the  yellowish  red  i 
ia  tboti  dravn  olT  with  a  syphon,  and  if  left  exposed  ill  J 
lU  it  rapidly  ai»*orb<  oxygai,  becomes  brown,  and  do\)o- 
-    a,  whieii  xAcr  being  treated  Srst  with  alcohol,  aoA  vVeo 
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irith  liot  water,  aud  dried,  furni  perfL'ctlj'  pure  indigo  blue.    Good  ] 
indigo  }'ielda  nearly  half  its  weight  of  crrstallized  indigo  bloe. 

Ii)digotia  fused  at  aliout  j^o*,  aod  fumielice  purple  lapouiL 
Amongst   the  products  of  it«  dn<tructi«'c  distilUtiou  luc  bydio^ 
cj^niiAte  and  carbonate  of  wniDonia,  aniline,  and  a  peculiar  eiD| 
i-eumatic  oil.     Indigo  blue  is  melanoeric  with  cyauide  of  bcDi 
It  is  iDBoIiiblc  in  water,  alcohol,  ether,   and  the  fixed  and  vol 
oiIr,  as  well  as  in  dilute  acidn  and  ollcalics. 

(1324)  Compounds  of  Iitdiyo  with  Sulphuric  Acid. — Sulphuric ' 
acid  a[i|iearH  to  form  several  com  pounds  with  indigo  j  two  of  tliQ&J 
have  been  {tn&ljr«cd,  vix.,  the  mlphindyiie,  or  tulphindigGtic  aci| 
and  the  gulphopurpuric,  or  salpkopkcnidc  add ;  a  third  acid, 
hifpoauljihiiidigotic,  appears  also  to  be  produced  along  willi 
foregoing  acids. 

Su/p!iin.dylic  Acid  (IIO.C„II,N0,S,Oj).— When  comme 
indigo  is  triturated  with  6  timc«  its  weigbt  of  fuming  sulphoMj 
itcid,  considerable  heat  is  developed,  and  a  blue  solution  is  for 
which  is  exteiiKivel;  used  for  dyeing  clath,  under  the  name 
Stcxony  blue.  Ordinary  oil  of  vitriol  may  alao  be  employed 
dissolve  indigo,  but  nioro  than  double  the  quaotity  of  such  addii' 
required,  and  it  must  he  boated  to  130®  or  140**.  If  a  suffideut  , 
amount  of  acid  be  employed,  almost  the  whole  of  the  indigo  tDlf 
be  dh>!io]ve(l,  luul  if  the  liquid  be  allowed  to  stand  for  a  few  lioun^ 
it  will  remain  clear  on  being  diluted.  The  filtered  liquid  coutainsi 
mixture  of  sulphindylic  and  bypotiutphindigotic  acids.  If  the 
original  acid  liijuid  be  diluted  with  from  thirty  to  fifty  time*  it* 
bulk  of  water,  and  flannel  which  has  been  washed  with  aoap  uul 
Cnrbcuatc  of  Roda,  and  then  with  water,  be  immersed  in  the  liquid, 
the  indigo  acids  will  attach  themselvM  to  the  flannel,  Icnviog  th« 
cxecaa  of  sulphuric  a^id  in  the  mother  liquor.  The  colouriog 
matter  may  be  entirely  removed  from  the  flaonel  by  digesting  it 
ia  a  dilute  nolutiou  of  carbunatc  of  ammonia :  a  deep  blue  liquid 
is  thus  obtained,  which  ulieu  evaporated  to  drynen  and  treated 
with  alcoiiol,  is  8ci)nratccl  iuto  sulphindylatc  of  ammonia,  which  is 
insoluble,  and  hypoaulphindigotatc  of  ammonia,  which  is  dissolved 
by  the  alcohol. 

Sulphindylale  «/  potmh  (KCC^H^NCSjO,)  ia  sparingly 
soluble  in  cold  water,  and  in  precipitated  id  flocculi,  when  acetato 
of  potash  is  added  to  a  crude  Kulution  of  indigo  in  sulphuric  acid, 
niter  dilution  with  to  parts  of  water.  The  sniphindylates  form 
blue  solutiouB,  which  appear  red  when  held  bcLweeu  the  eye  and 
the  sun.  Tliese  »oliition«  ure  rciidcrn.^  colourless  by^  the  action  of 
ivduciog  agcuts,  but  t«)^uu  iVu  ViVoa  cc^ut  h^  exposucc  to  tbc  aib 
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Aeid  {2  C„H,NO^S,0.=HO,C3.H,N,O^Sp^. 

iMitiiu-s  tlic  greater  purt  of  tlie  iiUKiluWc  residut  which 

a  tlie  filur  wlicn  indigo  is  trcaletl  nitb  a  proportion  of 
lie  ncii)  too  smnll  to  cli»»olve  it  wliollv.  It  m  inwlnblc  in 
oontainiiig  free  acid  ;  but  it  furintt  u  blue  solution  in  pure 

^bcii  acetate  of  potash  is  added  to  this  liquid  it  gives  a 

ijiitAte  of  tiirtpbopurpunttc  of  potjwh. 

aj)  Reduced  Indiffo,  White  ladiffo,  or  fudigOf/m  {C^^f^O^). 
blue  indigo  is  Irettt^d  with  deoxidizing  agents,  such  as  a 
of  proto^ulplintu  of  iron  &ud  potash,  a.  yellow  solution  is 
Doutainiug  reduced  indigo,  a  compound  in  which  i  e<)ui- 
noro  of  bydrogcD  is  present  than  in  hlne  indigo.  On 
Qung  the  alkaline  lifjuid  liy  acctie  acid,  the  rediicqil  indigo 
n  dirty  white  flo«;u]i,  which  ore  iiisoIuhW  in  water,  but 
■olubic  in  alcohol  and  in  ether ;  even  vhm  dry  they 
absorb  oxjgcn  from  the  air,  but  the  aliaorptioii  is  much 
ben  moist,  water  and  indigo  hlue  bcin|;  reproduced. 
!iite  arids  are  without  effect  u]ion  reduced  indigo;  but 
folphuric  acid  dissolves  it,  formiug  a  deep  purple  liquid, 
if  (lUuled  with  water  becomes  blue,  and  i«  couvcrtc^l  into 
lie  acid.  The  alkaline  aolutiotis  of  reduced  indigo  are 
bv  mauy  of  the  solutions  of  the  metallic  salts,  and 
U  thus  formed  sp«cdilj  become  bLao  by  exposure  to 

ko  rvductiua  of  iudigo  from  the  blue  to  the  white  form  may 
ctcd  by  several  processes  ; — 

fiy  mc&iu  of  sugar  as  already  described  (1323). 

3y  the  action  of  a  mixture  of  protonulphate  of  iron  and  some 

Advantage  is  taken  of  this  in  the  preparation  of  the 

tb  for    dyeing  purposes.       The    copperas  vat,  as  it  is 

employed  in  dyeing  cottons  and  liiicn  goods.       The 

iM  to  be  used  will  vary  with  the  quaUtr  of  the  iudigo, 

(Oratory  pnrposes  the  folloii'iug  ingredients  may  he  cm- 

']  part  of  powdered  iudigo,  2  of  sulphate  of  iron,  3  of 

c,  and  ijoor  aoo  of  water.     Tlic  reaction  is  somewhat 

the   hme  acting  00   the  sulptiate  of  iron  »ets  free 

protoniclo  of  iron,  and  this  o:iidc  in  the  presence  of  water 

^<1itioiml  (piantity  of  oxygon,  becoming  converted 

'.'(1  peroxide,  whilst  the  liberated  hydrogen  luiiles 

igp  blue,  and  constitutes  reduced  indigo,  whiub  liecomea 

the  csc«H  of  lime,  forming  a  yellow  solution  : — 


»,  +j  {CaO,HO)=3  Ca0,Sj0a-h2  (FeO,KO),  aad 


BLUE  DVES — INDIOQ. 
^^r  Iwlifi)  tlat.  Wlilt  S 

4(FeO,nO)  +  HA  +  2tV^NO,  =  3(FCaOy3nO) +80^0, 

If   tlie  alkftliiie  lt(|iii(l    thus  olitaincd    tic  exposed    to  t1i«  ur, 
beoomcs  covered  wilb  s  liluc  film,  nnd  (tcpo»its  nearly  pure  in<li 
and  if  mixct)  tritlk  hj-droctiloric  acid,  in  veasch  Gllcd  with  carl 
aad,  wliilt  iuilijjo  io  obtained.     If  jarn  or  woven  goods  be  im 
influch  asolatioQ,  and  then  exposed  to  the  air,  the  reduced  im 
rapidly  ahaorhs  oxygen,  and  becomes  converted  into  hluc 
vitliiu  tlic  fibres  of  tlie  ti»«ue,  \iiLli  wliicli  it  contracts  au  io' 
adli«i>ion.     The  blue  djre  tlius  obtained  is  very  lotcosc  uid 
inanc'tit,  nincc  it  is  ititioliiblc  in  all  ordJiuiry  solvents. 

3.  Uy  means  of  orpiinciit  and   pi-otochlonde   of  tin, 
are  sombtimGs  substituted  in  odico  printing,  as  rcducnng 
iu  the  ijlace  of  the  protosuliiliate  of  iron ;  in   thi»  ca*e 
is  euiployed  iu&tewl  uf  limv  water  aa  tlie  eolveut  of  the 
indigo. 

4.  By  means  of  dM'aying  TCgctatilc  ra&t'tcr,  vhich  si 
tlie  same  purjKisc  as  tlic  sulpliRtc  of  iron.  Tlita  vat  is 
URcd  for  dyeing  yams,  and  ia  prcjiared  by  some  manufncturen 
the  following  manner  : — 4  parts  of  finely  powdered  indigo,  50 
woad,  2  of  madder,  aud  2  of  carbonate  of  potash,  are  mixed  «iUi 
2000  of  water,  and  the  mixture  is  kept  for  some  hours  at  a  tem- 
perature of  about  154°  ;  i^  part  of  recently  slaked  lime  in  them 
added  ill  small  quantitiet  ut  a  time,  after  whtcli  fermcutation  000- 
meuccs  J  formic,  acetic,  and  carbonic  acids  are  formed,  as  well  at 
ammonia.  Tiie  lime  reduce^  the  earbon&te  of  potnxh  to  the 
canittic  state,  and  enables  it  to  di»»iulvc  the  indigo  which  has  been 
reduced  during  fermentation  by  the  decomjKisitioii  of  the  vegctahk 
matter.  The  addition  of  tlie  lime  is  iiitciid«d  with  the  further 
advantogo  of  precipitating  a  jiortion  of  brown  colouring  matter 
that  would  otherwise  deaden  the  tint  of  the  gooda.  The  foam  or 
flotoer  of  thu  vat  ha«  a  beaotlful  blue  iridesccut  appearaiMS 
earned  by  reosidation  of  the  indigo  at  the  surface,  but  the  liijniil 
beneath  ia  of  a  deep  yellow  colour;  by  exposure  to  air  it  becoaies 
green,  and  finally  deposits  blue  indigo.  To  prevent  this  rcoxidatioo 
tbe  vats  arc  kept  covered  wli^ti  not  in  actual  uae;  and  fresh  inatcmlt 
ore  addal  from  time  to  time  in  order  to  naiutaiu  the  liquor  at  a 
nnifomi  strength. 

Starch,  sugar,  bran,  and  other  vegetable  matter*  may  bo  sub- 
stituted for  the  madder  aud  thu  woad  in  tbe  indigo  rat.     T1ie>e 
substances  undei-go  fcmieutation,  and  act  as  dcoxidijung  agcnW; 
probably  lactic  and.  ^lut^iic  «&v^  u«  ^neratcd,  and  tbe  indi^ 
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th  tI)D  liydrogen,  while  the  latter  is  iu  the  act  of  betng> 

[36)    Asnay  of  liuGgo. — The   qnali^  of   commercial   mdigo 
\  grrat)^  ;  the  purest  specimens  usuoJl;  occur  in  small  masses 
iutcnso    violet-blue  colour,  whirh  by   tnction   witli  b  hai-d 
«ljr  acquire  n  coppc-ry  lustre.      The  be§t  kinds  arc  eulB- 
;bc    to   float  upon  vatcr,  and  vhcn  brokcu  they  do  uot 
[cavities  wliich  exhibit  brown  or  whitbh  veins.     Indij^  is, 
fret) iiuiitly  adulterated  with  Mud,  with  sta.rch,  atid  somc- 
ia    aaid,  witli  pondered  lead.     Good  indigo  should  not 
thaa  from  5  to  8  per  cent,  of  ash,  calculated  upon  the 
during  drying  it   loses  from  _5  to  8  per  cent,  of 
Starch  rauy  (>e dutcctiHl  by  trcnting  tlic  indigo  nilh  hoiliiig 
faifitly  alkalized,  and,  after   neutrahzing   the   liltrate, 
lit  with  iodine. 

piniple    method  of  determining   the  relative  value   of  any 

iodi^u,  has  heen  proposed  by  Dolley,  who  estimates  its 

power  by  measuriitg  the  amouut  of  a  »taudard  itolution 

of  [Otasb,  which  is  required  to  destroy  tlie  blue  colour 

sample  : — 10  grains  of  the  indigo  for  assay  are  reduced 

Ruo  powder,  oud    triturated  with  2  Said  drachma  of 

ilphoric  acid  ;  the  mi:iture  i»  allotred  to  digest  for  twelve 

R  closed   TC88el  vilh  oceuHiuual  agitatiou.     The  indigo 

cotnplctcly  dissolved  iKfore  the  next  part  of  the  pn>ccu  is 

Ab  soon  a.<i  the  noUitioii  \*  effiietcd,  the  liquid  is  to 

into  a  capsule  with  ahout  a  pint  of  water,  containing 

:  of  pure  bydrochloric  acid,  and  the  mixture  is  brought  to 

I  point.        A  Holtitiou  of  rldorate  of  potash  conlaiuiiig 

1*  of  the  salt  in  1000  grains  of  water,  is  then  to  be  added 

iling  liquid  from  an  ordinary  alkalimcler,  drop  by  drop;  the 

Joar  6rt>t  becomea  green,  thoti  j^rceiiinli-hrown,  nud   when 

tinge   of  green  disap'tcars  and  has  hccn  replaced  by  » 

•hrowa,  the  operation  is  complete.     The  numlicr  of  divi. 

tlte  liquid  required  docs  not  indicate  the  percentage  of 

blue,  but  simply  the  relative  value  of  the  different  samples 

tc^cthcr. 

'  «uh»ittutc»  bichromate  of  potash  for  the  chlorate;    100 

pure  iudigo  blue  requiring  exactly  ;j  uf  the  bichromate  for 

in  :  by  this  means  an  exact  detcrmiuatiou  of  theamonnfcj 

Idc  nmy  be  effected. 

')    Proiluch  0/  the  OxidaHoa  0/  Tmliffo. — The  action 

Aj^nttj  upon  iudigo  gives  rise  to  several  iiitCTCsUug  1^1 

•Couecatnted   chromic  acid    breaks  op  the  Cou%UV> 


I 


FBODCCTB    or  THI    OXI'OATtOM    Or  IXDKM. 

of  tadigD,  vmI  oecnsions  a  copioui  dismgi^BiKn 
Hi    bot    if  a  more  dilute  soliition  of   ebrtnic 

Ae  indigo  is  conrcrttxl  into  utaiin  :  a  fiimtlu 
hf  the  Ktioa  of  dilate  nitric  adil : — 

lallCobtM.  Ii^._ 

■cttoo    proceed*   further  if  the  iDdtgo  b 
ad   in  a  more  coDcentrated  form  ;  Uiu*,  U 
fi— iaC    nitvic    acid    dilut«d    with   lo  or 

- ^ ,  0€  nitro-«aIicTltc  acid   is  formed  (B 

NOj(\;   1x70);  ud  hj  a  prolonged  action   of  the 

CHO.CuH,(NO^,0  ;     1367}   i«  i«d 

BBOtaiB  las  carboo  thim  the  true  iodij 

I  pKtbablf  scjarated  iu  the  form  of  cutx 

of  hjdrate  of  potash  apoo  ioiKgo 
tkstof  lutiicacid.     If  indigo  iDGoej 
of  potash  (of  sp.  gr.  t-j6),  it  m 
of  gas,  and  an  orange-oolourcd 
dcposts   jdlow    cTjstaU. 
r,  and  treated  with  aa  Qxctm  1 
-ted  precipitale  »  formed: 
!*s  cAry«mt£c  add,  bnt 

of  a  mixture  of  red 
laat  tiamtd  rrpnsenfci  the 
OD  tndigD  thua . — 

of  tW  ydk>«  CTTvtaJs 
blue  is  drpouteid.     If 
hjdroef  u  cTulved  aai 
but  if  to  a  eooocnti 
Wadded,  care  beiii^  tak«n  1 
■ad   if  lo  the  boilioe  liqisd 
hr  aided  tmtilthe  •olvtioD 
«  t^  air.  a  difctatt  MMB|Km«d 
^   ahBHaai   ia  cnail' 
.au,v^H.NOJ  ■•?  be  pcot:u.x.,  ..r 
,gi,  twaporatisg    tv  ^rr 
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aciil.     Oh  eraporatiDg  tlie  alcoholic  solution,  this  acid  is 

in  lirilliaut  i)laCe»,  or  iti  Tour  or  aix-sidvd  n<x;(lli».  Autlira- 

Btamcric  nitli  beuzamic  acid  (1146).      If  Kentod  goiitlv  it 

iblimed  iincbuigcd,  but  if  the  temperature  be  suddeuljr 

,  the  ociii  bccoincs  deconiposctl  into  aniline  and  carbouic 


jUibrallK  uU. 
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'  '^i»W|NO^=  147]. — This  subatonce,  wliicli  con- 

..  ...... .....nlii  more  of  oxygOtt  tlisn  indigo  lilue,  may  bo 

b;  heating  indi^  in  a  dilute  solution  of  bichromate  of 
«id  sulpliiiric  a<;id,  or  by  the  following  process : — Powdered 
indigo,  of  good  quality,  is  to  be  mixed  nith  a  Eufficient 
water  to  redncc  it  to  a  thin  cream,  and  the  mixture  is 
»l«!  till  it  Iwil*  :  undiIut^^l  nitric  acid  must  tlion  Iw  added 
quantities  at  a  tine  until  the  blue  colonr  has  diaappeared ; 
.  of  indigo  require  6  or  7  partJi  of  acid.  TJic  mass  con- 
-imtiD  mixed  with  a  large  qtimitity  of  a  brown  resinous 
jQst  next  be  largely  diluted  with  water,  boiled,  and  Bltcred 
^boiling  hot ;  the  undissolved  reaidue  must  be  agaio  boiled 
sr,  and  the  fillcrcd  aolutiou  added  to  the  first  portions : 
E  dcpo«itcd  a»  (lie  lit^utd  cools ;  they  must  be  washed 
containiug  a  little  ammonia,  then  diitsolred  in  alcohol 
jTatallizcd.  ^Micn  considcrabic  quantities  of  isatin  arc  rc- 
|Hofmnnn  purifiea  tlic  crude  product  of  the  action  of  nitric 
itidigo  by  dissolving  it  in  a  dilute  solution  of  potash; 
aric  acid  is  Uien  added  to  the  deep  brown  liquid  until  the 
kte,  which  is  at  firat  brown,  ii^itnracA  a  cicnr  rc<l  tint,  the 
I  tltc^n  filtered  and  precipitated  by  an  excess  of  hydrochloric 
precipitate  consi&tit  of  isatin,  which,  after  washing  with 
r,  is  chemically  pure. 
cry«talli?.e«  in  brilliant,  transparent,  orange-coloured  six- 
rhombic  prisms ;  it  is  sparingly  soluble  in  cold  water, 
readily  dineolvod  by  boiling  wntcr,  and  still  more  so  by 
»|.  Ether  dis9olres  it  lc4s  readily.  On  the  application 
the  cr}'^tal4  they  melt  and  are  volatilised,  emitting  acrid 
F«f  a  yellow  colour.  When  isatin  is  diHtUled  in  cloved 
I  eoasiderable  portion  of  it  undei^oca  decomposition.  Isa- 
ible  of  exelianging  au  equivalent  of  hydrogen  for  odc  of 
thus,  if  aa  alcoholic  solutiun  of  isatin  he  mixed  with  one  of 
silver,  a  wine-red  amorphous  precipitate  of  arffi-nlixafin 
(NO  J  i*  formed.  Solution  of  potash  dissolves  i»atin  freely , 
I  a  puijJe li^ui^j  trliicb  oa  buiiing-  bccooiM  yellow.     "'NVicu 


C22 


ACTION    or   CBLOUINK   ON    IKDIGO. 


eiamincd  after  thi«  chatige  of  coIqut  haa  oceurred, 
of  tlic  isatin  arc  found  to  liavc  corobiiit.'d  iritti  tlioir  of 
proiliieiDg  isatie  arid  {HOjC^HgNOj),  wlitdt  remain*  ii 
tion  with  the  potash. 

If  Untiii  be  heated  vitli  solid  liydratc  of  potaah  it  b 
po»ed,  liydrogen  is  liberated,  carbouic  acid  is  formi:d  and 
iu  combiuatiou  with  the  potash,  whiUt  auiUiic  duitil»  O' 

IhHd.  ioOliB. 

C~h1nO.+4  (H0.KO)  5=  C»3f  +» (»  KO.C,0 J+ 
Concentrated  nitric  acid  decotnpoaes  uatin  ;  when 
it  copioaa  ruddy  fumes  are  evolred,   a  bnrnn   rcait' ■■ 
taiaiiig  peroxide  of  uitrogcn  is  formed,  and  if  the  Oi. '. 
further  oxalic  acid  is  found  in  the  aoliition.     No 
fonnetl.     Chlorine,  if  trausmitted  Ibrougb  water  in  « 
lA  Buspcudcd,  displaces  one  equivalcot  of   kydrogeu 
chlorisatin. 

(1329)  The  action  of  chtariHe  upon  indigo  U  pccnlt 
chlorine  has  no  action  U|iou  dry  indigo,  but  if  a  curreut 
gaa  be  trnnitmitted  through  water  containing  indigo  m 
the  )}lue  colour  is  gradually  dsBtroyed,  ami  a  m«ty  brown 
is  formed :  this  auhslauce,  in  additiou  to  formic  ai:id,  nitu 
nionia,  and  a  brown  rcauoas  substance,  contaiua  lour 
riuatcd  compoundB.  Twoof  these,  \ii.,cA/omo/in  C,  "  *' 
dichhrimim  C,gHjClj>JO,,  are  yellow,  sparingly  60I.1  . 
able  substances  formed  upon  the  typo  of  isatia,  A  third  dita 
compound  is  Iriclihranihm  (C„HjCljN).  and  it  is  usually  ae 
iiied  by  a  ccrlaiu  quiiutity  of  tricUoraphcHic  acid  {HO,C„II 
Chlonsatin  aod  dicblori«atin  are  soluble  in  alcohol ,-  vbai 
wttli  A  wdution  of  ))ota&h  they  yield  acid«, — the  cA/oriutii 
C,,,H,ClNOJ.anddiV/itorwfl/i>iKiJ(UO,C„ll^Cl,NOj.etMii 
iiij{  with  isatie  acid  ;  and,  if  distilled  with  hydrate  of  pottd 
give  chloriaatcd  bnscs  of  a  compoeitton  eorreapoadiiig  to 
ail  iliac,— 

Chloranilinf  being  composed  of     C,j|tI,CINr 
DifJiloraniUne  of       ....     C„U,apJ. 

The   reaetion  ia  precisely  analogous    to  that    »il1i   ^1 
thus: — 

C„H.aNO.+4  (KO.nO)  =  C,^I,C!N  -t-i  (3  KO.C/IJ 

Tlic  actiuti  of  bromine  upon  tudigo  ts  analogous 
chlorine,  though  it  is  less  violciiL 

('330)  AmntOftiaral  dtrhaiirr*   tf  /M/m.— Wheal 
(rrutcd  witli  &iBmora&  it  ^^<a  vait.  \h  «,  iwut&r-    ' 
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the  oompoeition  of  wliicli  varies  uritli  iTie  depw  of  conecn- 
of  the  anifoonia:  tlioy  liavc  boon  pArtieularl;  studied  by 
It    (Amm.   de    CMiiik',   in.  iii.  483}.     The  rollowiiig  tabic 
i^*-  *hr-  rotctious  wkicli  attend  their  formation : — 


tMrin, 


or  maid*.    .    C„H,>-,0.  =  a  C„H,NO. -*-i  U,\-    JljO, 
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«nil  dtcIJorisattn   wheu   heated  with  ommDiiia  yield 
iding  compounds. 

\l\   Isathyd  {C„H,NOJ.— This  substance   ttands  in   the 

iCion  to  iftatiu  that  white  indigo  doca  to  blue  indigo ;  thitt 

fj  tt  contaiDB  one  e<|uivalcnt  more  of  bydro|;eii  thnii  l»at!n. 

to  procure  iwthyd,  au  nlcoholic  solution  of  iuitio  is  mixed 

of  hydrosiilphatc  of  ammonia,  and  set  aside  for  a  ireelc  in 

bottle  ;  cryatalfi  of  ftiilphur  arc  gradually  depooitcd,  mixed 

ttuatic  necdica  of  itathyd,     I'bc  suliibur  miut  be  removed 

lion  with  bisulphide  of  cutI)oq.     A  better  method,  liow- 

»iets  ill  pliiciiig  poirdereil  isatiu  in  a.  fla^k  with  n  cousidcr* 

lUty  of  watef  aciduUUid  with  sulphuric  aeid,  then  ititro- 

ft  platn  of  pure  zinc,  and  heating  the  whole  to  the  boiling 

\a  the   isstin  becomes  dissolved,  it  combines  with  the 

hydrogen,  ukI  ifi  converted  into  i^atbyd,  which  is  dc-fwnited 

form  of  a  cry^Iidbnc  powder.     Isatlird  is  a  greyish  white, 

iia1>»taiirc,  which  ia  instjiuble  in  water,  and  but  spariiLgly 

tin  alcohol  nnd  in  ether  even  at  a  boiling  tem|)cmtitrc :  it 

hitcd  from  these  solutions  as  they  cool  iu  minute  oblique 

If   Iieate<l,    it   softens  and    bceomcs    decomposed,    and 

ft  violet-brown  tint.      Boiliug  nitric  arid  colonn  it  violctj 

site*  It,     Chlurisatin  and  dichlorisatin,  when  treatetl  with 

Jphatc  uf  Ammonia,  yield  chlorinated  budira  corresponding 

tbyd,  termed  (•/(/omaMy^y,  Cj^IIjClNO,,  and  duhhruathydj 

l^NO,.      By  analogous  inothods  corresponding  compounds 

ig  hnHniae  may  be  obtained. 

a   current  of   sulphuretted    hydrogen    la    tran«mitfcd 
a  boiling  concentrated  alcoholic  solution  of  isatin,  the 
rU  converted  into  isntbyd,  aud  thi^i,  at  the  moment  of  its 
liccoaies  decomposed,  n»d  *//*«//</ iM/Ay J,  a  aidphurcttcd 
i-urrespnuding  iu  comiwsition  to  isathyd,  but  containing 
iteota  of  sulphur  in  place  of  tvo  equivalents  of  oxygen,  'n 
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H  9C„H,N0,+HA  =  aC„H.NO.  4S,)  and 

P  C„H.NO,  +  H,S,=    6„H.N0,S,+H,0,. 

Wbnn  iTie  liquid  lias  beoomc  clear  by  the  deposition  of  the  sulphi 
the  disulpbisathjd   majr   lie  prcciiiitntcd  by  tbc  addition  of  ni 
It  is  a  ycUowiah  grey,  tasteless  powder,  which  sofkcns  at  21 
alcohol  and  elber  diaAolrc  it,  but  do  not  yield  it  in  a  cryiti 
form  on  evapomtion. 

^Wiou8  otiicr  sulphuretted  derivatire«  may  be  obtained  fi 
isatin  (Laiireut,  loc.  cU.) 

(1332)  tiuiin  (CjjII,qN,OJ, — ThU  substance  appears  to 
polymeric  with  indigo  blue.  Ic  is  of  a  bcaatiful  rojc-coloor^  U 
soluble  in  water,  uid  but  Hparingly  soluble  in  alcohol  and  iu  eti 
even  at  n  boiling  temperature.  Tn  order  to  prepare  indiii,  dt! 
phisHtliyil  is  tritumted  in  a  mortar  for  sumc  minutes  with  a 
centrated  solution  of  potash,  adding  a  few  drops  of  tbc  all 
aoluUou  from  time  to  time,  until  a  ro»e-coluux  begins  to 
itself.  Alcohol  is  tbvti  tu  be  uddcd  in  small  quantities  at  a 
oontinuing  to  triturate  the  mass  until  the  mixture  has  assuaitd  • 
deep  rose-colour.  It  is  then  to  he  diluted  with  alcDbol,  and  tin 
iiiMilublo  portion  collected  on  a  filter  and  washed,  flret  with  alcolioL 
then  with  water.  If  this  residne  be  dissolved  in  &  tepid  cooceo' 
tratcd  solution  of  potash,  black  needles  of  iadinate  of  jtolaU 
(CjjHyKNjOJ  arc  deposited.  They  must  he  washed  with  abto* 
lute  alcohol,  and  decomposed  with  a  weak  solution  of  Iiydrochlone 
add.  Pure  pulvcnilcnt  indiii  is  left  on  washing  the  insoluble  re- 
sidue. Nitrindln  Cjjn^(NOJ^Np^,  chlorindin  (CgjHgCijNjOJ, 
and  dk-hhriiidin  (CjjlIgCljNjOJ  are  substitutiou  compounds  obi 
able  frvm  Indin. 

Hi/drmdin  (Cj(,H„N,0^  +  Aq  ?)— Tliis  snbstancc  appear* 
stand  iu  a  similar  relation  to  indin  that  reduced  indigo  docs  to  bloc 
indigo.  When  the  bincic  solution  of  indinate  of  potash  is  heated 
with  an  excess  of  uu  alcoholic  solution  of  the  alkali,  the  coloot 
gradually  changes  into  a  pale  yclloir,  and  on  cooling  depo«its 
crystals  of  hjdrindinrUe  0/ potash.  Water  decomposes  them,  and 
leaves  hydrindiu  iu  the  form  of  u  nhitc  powder,  iuaoluhle  in  water, 
and  sparingly  soluble  in  hot  alcohol. 

A  Dumber  of  other  compounds  have  been  obtained  from  iudigo : 
they  arc  descriljcd  by  Laurent,  Ann.  de  CAimie,  III.  iii.  483,  and 
Imann  [Journ.  Jur  urakt.  Chrmit,  vols.  xix.   xwX.,  wid  xiiT.) 


•tau^ 
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bhcQA  oflbM  colouring  ooattCTs  which  arc  of  coasiderablc  im- 
»ec,  A  yellow  lichen  eonimou  on  oil!  walU  [Parmtlla  pai-ie- 
nntitiiis  a  coloHriog  matter  idtritical  with  that  of  the  rhubarb 
(1311),  and  tlic  different  varieties  of  L'saea  and  Ewrnia 
|h  »a  analogous,  straw  yellow,  crj^tslliiie  substance^  termed 
^acuj  {lIO,CjgHyO,3?)f  which  w  easily  dissolved  by  etlier; 
lift  rod  oonipouiuls  with  the  alkalies.  AVheii  boiled  with  au 
^m  ftlkuli  ii  funiishes  a  8u1;i«taiicc  termed  by  Stcnhouec  betO' 
^L^II|^0^?]  Tito  aame  comjiouiid  ia  olitained  hy  the  diatil- 
Hk  oauic  acid.  These  acida  are  unimportaat  as  colouring 
In  ntid  need  not  Iw  further  uotioed  licrc 
IJ34)  The  red,  violet,  and  blue  colours,  which  are  known  in 
IBTce  under  the  iiaiueft  of  iirvhil,  cudbear,  and  litmus,  arc  sup* 
[ferf  iliflurcut  •pvcica  of  Roccetla,  Variolaria  and  Lecatwra. 
fUtcctila  trilie  grow  ii|>oii  rocks  o»  the  sea-oontit,  in  the  Canary 
j^iu  Sardinia,  and  in  Corsica,  at  the  Cape  of  Good  Hope, 
^bestcm  coast  of  South  America,  and  iu  various  other  parts 
^Tworld.  The  Variolaria  abouiida  in  certain  parts  of  the 
pees,  and  of  the  A1p»;  and  the /^ranwa /ar/orea  is  abundant 
■B  Swnlifih  mountaiiiH. 

■t  1H>  nwc  do  thi-Ne  liirbeiiii  furitifili  the  colouring  matter  ready 
h  t  but  they  contain  from  scveu  to  twelve  per  ocnt.  of  various 
Hoa  acida,  such  aa  the  eryt&rie  {CgjU^fi^^?),  evrruic 
■CjJljjO,,?),  and  Itcanoric  acid.-.  (HO,CgjH„0,j?) ;  thcso 
K  ottder  the  inHuctice  of  alkalies  arc  readily  decomposed  into 
bcids  (which  are  characterised  by  tlic  prodnction  of  a  violet 
Hi  vith  chloride  of  lime),  nnd  Into  n  colotirliM*  ncutml  suhftnnce, 
■dtrcin  (C,,H,OJ.  Orcin  is  the  true  colour- produeing  bo<ly; 
■  the  influence  of  ammonia  it  abeorba  oxygen,  and  i»  con- 
b  into  orcein  (C,^ITjNOg),  an  axotiscd  compouud  po«sc«»cd  of 
H^ctorial  power. 

^■the  preparation  of  Cudbear  llic  lichens  (chiefly  tecanora 
Ka)  ore  flnt  fixed  as  far  as  may  be  from  earthy  impurities, 
kemadc  up  into  a  pu-ttc  with  a  solution  of  ammouia  ofap.gr. 
KA-990 ;  formerly  stale  nrine  to  which  n  quantity  of  lime  had 
Btaedi  for  the  pnrpoec  of  lilx-rating  it»  ammouia,  iraa  u»cd; 
^Knre  is  then  exjiosed  for  some  weeks  to  the  air,  ntoisteaing 
^Btimeta  time  with  fresh  (luaiitities  of  (he  ammoniacal  liquid. 

■  is  Oiitn  obtained  of  an  ofTcnHive  oilour  and  of  an  iutcnac 
^^k)  culour  ;  when  dried  and  n'duced  to  powder  it  constitntes 
Hbm''  of  commeree.     The  colouring- matter  of  thi9  dye-atuO* 

«  mainly  of  orcein.     Cudbear  is  eniployeii  chietly  for  wtnoW^u 
goudiy  to  itiiich  it  iaxparta  a  brilliant    but    aol  \-ct^  ^ct- 
a  a  .^^^^^h^ 
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maoeot  dye,  or  various  sliaclcs  of  riolet,  lilac,  and  par|tle.  ArtJ^ 
ia  prepared  by  digesting  tlic  lichenii  io  a  liot  soluticMi  of  uniDonii, 
nlloning  it  to  Rtiiii<l  Cor  a  few  hours,  aiid  (-xpo^iiig  the  clear  aolulioa 
which  ia  drawii  olT  from  tlie  liclien  in  tlceii  jars  to  liie  air  for  «1 
3  n'Ceks ;  the  solution  when  oouccatnitcd  by  craporatioa  forms 
archil  liquor  of  eomiiierce. 

(J335)Li/muai»obtBiiiet!  [triucipallyfroni  the  Kocctlla  ftnel 
it  is  ))repared  by  a  process  similar  to  that  Q»ed  for  archil,  butil 
moiittciicd  with  n  mixture  of  cnrltonate  of  smnionia  nod  carl 
of  potash, — the  addiuoii  of  thu  carbuuaU'  of  potai)li  (or  of 
beiug  cs&cutial  to  the  devclopmcut  of  the  hlue  colour, 
it:«  |iri-piLmtioii  ihu  niiu«!i  ut  first  iiHsiiiiien  a  red  colour,  liut  it 
mutclj'  bt-comeitaf  an  iiiteiiee  blut^.  It  is  made  up  vith  chalk' 
plaster  of  Paris  into  small  cakca  for  the  market.  A  small  porliot 
only  of  thv  colouring  mutter  of  HtmuH  is  soluble  in  water  ml 
iu  alcohol,  hut  it  Is  iiuarly  all  soluble  in  alkaline  liquids.  Tbe 
cbemicnl  conipo^ittou  of  litmas  stiil  demauiU  further  in«'estig|i 
tioii.  Kiinc  {I'hii.  Tratts.,  1S40),  etalcs  that  liduua  conuii'* 
several  principles ;  one  is  a  red  acmi'Boltd  suh«itancc,  wLuft 
be  terms  eryihralnn :  it  is  soluble  in  ammouia  with  a  porplf 
colour:  another  is  erytkroUtmht,  which  forms  crystalline  giwn 
of  a  dark  red  colour,  soluble  in  alcohol,  but  not  iu  ether;  it 
bccomcn  blue  by  the  actiou  of  potash:  neither  of  these  substaoea 
contoias  nitrogen.  But  the  principal  coustitucut  of  litmus  consbtt 
of  a  third  body  termed  azotitmm,  iu  which  nitrogen  is  preacitt;  it 
is  insoluble  iu  alcohol  and  in  ether,  and  sparingly  eolubk 
iu  water ;  it  i»  amorphous,  and  of  a  brown  red  ooUhb; 
Ammoiiirt  dlxiiolvex  it  nni)  TorinK  a  blue  solution,  which  give*  blov 
and  violet  Inkes  when  mixed  with  the  Balt»of  Kcreralof  the  mrulfc 

(1336)  Araay  ^f  Lichima  for  Cohariag  Matter. — The  di!* 
lichcnit  contain  variable  auioiiuts  of  culour-produoinij  iugretio  ..^■, 
consequently  tbeir  comuiereial  ralue  ia  liable  to  great  vsriaiioD. 
StcnhoUE^e  c&timatca  the  comparative  value  of  difl'ea'nt  samj' 
Bieana  of  a  stuudui'd  solution  of  chloride  of  lime.      A  given  u^i^i.. 
of  the  lichcna  iu  powder  is  digested    with  slaked  lime  and  water 
in  order  to  extract  the  colorific  acid,  uud  on  adding  chloride  of 
lime  to  this  liquid  a  red  colour  is  produced,  which  diMppeant  in  a 
few   ruiuutca,  leaving  a  brownish  yellow  tint;  fresh  quantities  of 
the  chloride  are  nddcd  »o  long  as  this  red  'coloration  is  produced 
by   it.        Another    metliud   nlso  suggested    by  the  wimc  chcmi's* 
con&isia  in  adding  an  acid  to  the  solution  of  the  licbeu  acids  iu  hiae 
water,  and  collecting  and    weighing  the  precipitate  of  the  licbeu 
acida.       The    oo\ouT-ycw\acvn«   ««,\^«  -i\',%<j-  be  c&tzitctcd  by  Higi 
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E  method  (Stcnhoiuu) : — The  puIverijKjd  lichens  arc  mixed 
Iftr,  and,  after  atuniling  for  ui  liour,  a  quantity  cf  staked 
311(1  tlie  mixture  is  bIIowc<1  (o  Higefit  for  some  time; 
^.....-cd  ill  a  liucu  fUtor  supported  iu  a  tin  vessel  with  s 
H^boctnni,  and  the  liquid  ia  gradually  displsoed  by  t])e 
^■ditlou  of  wntcr,  the  wuliing  being  continued  »o  long 
P^te  yields  the  characteristic  ]>iirple  red  colour  irith  solu* 
tbioride  of  limr.  Ou  the  addition  of  hydroctiloric  acid  to 
ni«l    ftoltitiou,  the  lichen  ncid.t  nr«  prccijiilntctl  in  the  form 

K!  gelatinous  deposit,  from  whieli  the  water  may  'ho 
r  prcMinre.  The  acids  may  then  tic  crystallized  from 
ol,  but  thvy  rau^t  not  lie  hoilwl  with  iilcohol,othcnrl*c 
id  ethers  would  be  formed,  into  the  composition  of  which 
I  enter.     This  remarkable  poncr  of  cthcrilying  alcohol  ia. 

iiicjil  prculiarity  of  the  lichen  acids. 
JJM  •■•■i];e  winch  rei>reM»t  the  coiupoitilion  of  the  numeroua 
^■of  the  lichens  are  at  preaciit  variously  represented  by 
^■leniiAts.  Those  projXKud  by  Gcrhardt  arc  foimded 
Wbu  the  analyses  of  Schuiick  and  of  StenhouHC  :  they 
3  explain  io  a  simple  luaimer  most  of  the  metamorphoses 
he  lichen  acids  uiulcrgo,  and  they  agree  tvilh  the  actual 
t  analysis  very  nearly  as  vrcll  a»  the  empirical  formulae 
pro\ii>)oually  by  StenhouBe  and  other  chcmiats*  nbu  bavc 
cxaniiiied  these  componnda: —  , 

A  •    .    .    • 

*riJ    .     .     . 


C„H..O„+Aq 
C„B,.0,. 


C„H,.0„ 
HO,C„H„0, 


SHror 


SUahooM 

Do. 

Srliunck 

Sunhouse 

Do. 

Bo. 

Do. 
SehuDcJc 
StoDlionsc 


no.c.,H..o„ 

HO.C„H,  O" 

no)  ttlwr  tr;  H :  0;C,,H.O,        C,  n.  o:c,,TT,0.  Sdtunclt 
.    .    .     C,.U,U,  ao.C„H,0. +Aq         Do. 

id    .    .    .  HU.C„n„0„  St«nlioiue 

r,.n,o,+3A<|        c„n„o,  Do. 


C»H«0„ 


Do. 


SrjftHrir.  Acid,  or  Ernlhrin  (C^!I„0„?).— This  com. 

to  he  preaeut   iu   mo«t  of  the  liclieus  nhicji  yield 

ia  soluble  in  about  140  parts  of  boiling  water,  but  i» 

luhle   in  cold  water  ;  hot  aleohal  alra  dissolves  it,  and 

acid    ill  stellate  );roupft  of  aeedlea.       It  i»  likewi*o 
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aolable  in  ether.    Vlhea  heated  io  m  tube  it  U  ^ecompose^  uij 
oraa  i«  sublimed.     The  alkalies  dissolTe  it  with  facility. 
boilod  vitli  baryta,  a  carbonate  of  this  bue  is  formed,  and  arciD 
liberuted . — 

C„H„0,.=  jC.O,+aC„H,O,. 

By  long  lioilinR  of  the  aqueous  solution  of  mtbric  add,  wati 
as»iiQ)lated,  and   it   i»  decomposed  with  evolution  of  caxboiuc 
into  picrv-etylhria : — 

0^1^^.  +  *  HA  =  CA+C„H„0«. 

Picro-erythria  {Cj^H^O,,,  ?)  in  a  colonrlesa  eubiitance  w 
spaiing);  Kiluble  in  rold  vatcr,  but  vcrr  soluble  in  boiling 
f^om  which,  on  evaporation,  it  may  he  obtained  in  confused  cryi 
It  has  a  Tcry  bitter  tartc.  It*  nolution*  give  a  precipitate 
subacctnte  of  lead,  but  none  with  the  neutral  acetate :  with 
chloride  of  iron  it  produces  a  beautiful  purple  colour.  If  hi 
alone  in  a  tube  it  yields  a  subliniat<:  uf  orciii.  Alkalies  dissol 
readily  without  the  aid  of  beat.  It-*  aiumoiiiaral  solution  qu 
becomes  red  by  cxpoaure  to  the  air.  When  bmled  with  milk 
Itnic  or  with  bnryta  vtalcr  it  is  decomposed,  carbonate  of  lime  oraf 
batryta  ia  formed,  and  orcin  and  a  new  body  t4.-rDi(:d  rrj/l/u-Q-maiuiitt 
arc  produced  -. — 

cii;^Ar+aH,0,  =  C,0,+CnH,O,+C„H,.Oo. 

Erylhro-monnilf,  Piaido-arcm,  or  Erythro-^btetn  (C,^H,jOjj- 
Aq;  Gerhardt;  Sp.  yr.  1-59;  F^ing  pi.  148*).  i»  probiSl; 
homologous  with  mnniiite.  It  may  be  cxtraoti-d  from  the  nolu 
of  tlie  roeceila  io  liiuc  wat«r,  by  boiling  it  for  some  houra  in 
open  capHuIe,  and  then  removiog  the  excess  of  lime  by  means  of 
a  current  of  carbonic  ncid.  Ou  evaporation  a  syrupy  mass  ii 
obtained,  consisting  chiefly  of  orcin  and  errthro-mannite ;  tLe 
former  may  be  extracted  by  mean*  of  ether  or  of  alcohol.  Ertthro- 
mannttc  cryittullizi^  frum  the  residue  iu  the  course  of  a  few  da^a, 
and  may  bo  puri6ed  by  trashing  it  with  cold  alcohol  and  recryitol- 
Using  from  boiling  alcohol.  Its  aqueous  solution  deposits  it  in 
broad  Totuminous,  hritliant  aystalM,  liclonging  to  the  pyramidal 
Byatcm.  When  heated  it  imdcrgoes  futiion  at  34^°^  but  it  may  be 
heated  to  4^^  without  further  change.  Erythro^mannite  ii 
•  neutral  to  test  [Apcra ;  it  i»  rrry  soluble  in  water,  and  has  a  ^iiecl 
taate,  but   it  ia  not  (cTtnuivu&iVc.     VVUen  heated  with  stearic 
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ttaoK  acid  in  sealed  tubes  to  between  390*^  and  ^So**  oombinntioa 

with  rlimination  of  vatcr;  tartaric  acid  hns  a  Eimilur  elTcct 

212".      When   trent««I  witli   fuming   nitric  acid   kept  cool,  it 

Ms  ui  esploBive  compound,  Cj^Hm(NOJgO,y  which  corresponds 

uitm-mnimitc  [956]  :  this  body  may  be  crystallized  from   it« 

alution  ill  boiliDg  alcobol   iu  brilliant   Uminic,  fosiblo  &t    142°. 

iy  prolonged  treatmcut  with  nitric  acid  erythro-manoitc  yields 
iic,   but  no  mucic   acid.     Its  solution  floes  not  reduce  the 

rtrate  of  copper  and  potasb,  nor  does  it  yield  any  precipitate 

ritb  aumoniacal  acetate  of  lead. 

(1338)  Evcruic  Acid  (H0,Cj4H,,0,b?)  occur*  associated  with 

eoic  acid  ia  the  Evtntia  prunmtri.     It  js  scarcely  soluble  in 

Iter,  even  wWn  at  n  tcinpornture  of  li3^,  but  ift  readily  aolublc 

alcohol  and  iu  ctbcr ;  with  potash  and  baryta  it  yield*  soluble 

able  Baits.     When  boiled   with  Unto  or  baryta  in  excess, 

rin  is  fbnned,  and  a  new  acid  termed  epcmefic  acid : — 

Svcrnraic  acid  does  not  yield  orciu;  ammonia  does  not  produce 
ay  red  colour  with  it ;  ogr  docs  chloride  of  lime  yield  with  it  a 

or  violet  colour. 

('33y)  If  tl't!  Lecanora  larfarea  and  some  other  lichens  bo 
Med  iriib  ether,  and  the  solution  be  evaporated,  white  crystal.-*  of 
kranoric  atid^  (CuUj^Ou?)  arc  deposited  ;  this  substance  is  nearly 
iii*uInbleiQ  cold  water,  but  it  is  freely  dissolved  by  hot  alcohol nnd 
t»y  fiber  ;  its  solution  reddens  Utmu*.  I'erchloride  of  iron  strikes 
a  dull  purple  red  with  its  epintuoua  solution.  If  boiled  with 
ilcobnl  it  prodnoes  n  true  compound  etlier.  The  caustic  alkalies 
diasolve  iecuaoric  acid,  and  deprive  it  of  carbonic  aciU,-lcaving 
vrcin  in  tfolntion.  Orcin  is  also  obtained  by  simply  heating 
lecanoric  acid  and  distilling.  If  lecanoric  acid  be  treated  with 
uninouia  and  exposed  to  the  air,  the  ucid  combines  with  the 
demeuu  of  ammonia,  and  a  purple  colour  ia  gradually  developed, 
owing  to  the  production  of  orcein. 

Atp/m-orullesic  Acid  (HO,C,nH,0-)  is  one  of  the  products  of 
the  decomjiosition  of  lecanoric  acid  when  its  solution  is  boiled  for 
a  short  time  with  an  excess  of  lime  or  of  baryta;  by  prolouged 
boding  it  becomes  converted  into  orcin ; — 

LcnutDfio  MilJ.  ■  Or*rU«il4  fH 


*  Iiecanoric  add,  nccording  to  Oerhardti  is  idcnlicol  with  the  tl'^ba  »& 
tkett  cnsUie  acldio/ St«i>lioiue. 
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Wlicn  citlicr  Iccauoric  or  erythnc  acid  ia  boiled  tritli  alcghol  I 
some  bout's,  omn  is  scparst«il,  and  a  sulMtanoc  tcrmcdj 
thrin  or  leeaitoric  ether,  more  propcrlj-  urseUerie   elAer  (C,l 
CijlljO,),  is  fomicd  :  it  cr>-8titlIiK»  in  pUteo  or  needle*,  wbicli 
be  purified  by  recrj'atallization  from  boiling  water.      It  is  scar 
dissolved  by  cold  water,  but  is  very  soluble  in  alpoliol  ami  in  elb 
us  well  us  ill  alkalitin  solutions,  from  whicli  it  is  [»recipilalcd 
altered  on  the  addition  of  iin  acid.      Its  ammoniacal  solution,  vl 
expotied  to  the  air,  auumea  a  wine-red  tint. 

In  certain  cascn  ScttaQcli  foand  an  acid  wbieb  be  terms  pa 
Mid  (UO,Cj|H,0,  +  Aq?),  accompsnying  Iccaiioric  acid;  it 
fusible  compound,  wliich   docs  not  yield  orcin  wlien  treated 
alkalies.      It  cr^'ittalliKeii    iii  brilli&nt,  colourless,  bcavy    uce 
wkicb  are  very  sparingly  soluble  lu  cold  water,  but  freely  solnt 
iu  ether  and   in  alcohol.      The  alcoholic  solution  has  a  rvry  biti 
taste;  water  preci|)itntes  the  acid  from  it  ia  a  gulatiuoos  form, 
ionns  a  white  insolublv  salt  with  baryta. 

(1340)  Orcin  (C„HjOj  +  aA();  Gerhardt),  Sp.  yr.  of 
57,  corrcspoiitliiig  to  3  volumes. — This  substance  appear* 
exist  ready  formed  in  several  liclicus,  but  it  is  generally  pn 
cured  by  ileconiiioning  cveniic,  erjlbrio,  or  lecanoric  acid,  liiT' 
boiling  it  nith  aa  alkali.  StcDboasc  prepares  orcin  by  boiliug 
tLc  solution  obtained  by  treating  one  of  the  varieties  of  the  roe-^ 
ceUa  or  Itnanvra  with  lime  for  some  hour*,  and  oouceatratii^| 
by  evaporation.  The  exccsa  of  lime  must  then  be  removed 
means  of  a  current  of  carbonic  add,  and  the  filtered  liquid  cTa| 
nit«il  to  the  coQiistcncc  of  a  syrnp ;  this  residue  must  be  tr 
with  boiling  nicoliol,  and  allowed  to  crystaltiic;  the  rexi  crystala^ 
orcin  thus  obtained  must  be  purified  by  recry stall iiation  fhim  thi 
solution  in  ether.  Orcin  ia  a  substance  with  a  sweet  but  mawkish 
taste.  It  crystallines  with  s  Aq  in  colourless,  quadrangular  prit 
and  is  readily  soluble  iu  alcohol,  ether,  and  water.  When  hcat£d  1 
2 1 2°  it  melts  and  gives  of)' its  natcrof  crystalUzHtion,  aud  at55o''' 
may  be  sublimed  unclianged.  It  is  not  susceptible  of  the  vinous  I 
mentatiuu.  In  its  anhydrous  form  it  is  metamenc  with  ultgeaia. 
With  prrsalta  of  iron  it  gives  a  dark  red  prccipitntc;  it  gives  w> 
precipitate  with  neutral  acetate  of  lead,  but  with  subacetate  of 
lead  a  white  precipitate  is  occasioned  {C„H^PbjOy2  PbO).  Witli 
chloride  of  lime  orcin  give*  a  purple  red  colour,  which  quiiil/ 
changes  to  a  dceu  ycWow,    '^'i^.Vvt:  scv^  cuixt^ms  orciu  into  oxati^ 
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ciil,  and  a  routionK  eubstancc.  If  orcio  be  heated  with  stearic 
rid  to  ^Si'*  the  tno  bodies  unite,  formSiig  »  nxslikc  bodiTt  sonlo- 
Doa  to  the  compound  of  mannito  with  thf?  fatty  acirla. 

Orrtm   (C),Il;NOgl. — If  orcin  be  exposed  in  a  shalloir   dish 
Br  ft  bc1l-g)as»   with  »ir  to  the  vapour  of  ammonia,  it  yields  a 
T(A  colour;  oxygen  is  ahaorbeil,  ami  a  cotnpoun(1    is  obtained 
rbich  has  received  the  uame  of  orcein : — 

Or^  OrMfa. 

lie  aqueous  solutioa  of  tbe  result  of  the  foregoing  reaction  con- 
IID*  or<:>^iiiat(!  nf  ummunin,  and  iiiiist  be  mixed  with  acetic  acid, 
orcein  fulls  in  red  flocciili.  Orcein  is  sparingly  Bolublc  in 
er,  firom  which  it  is  completely  precipitated  on  the  addittou  of 
ncntral  salt.  Alcohol  diwolvcs  it  freely,  forming  a  scarlet 
alutiaii.  It  is  sparingly  soluble  iu  other.  Potash  and  ammoma 
>lre  it  roidily,  forming  a  splctidid  |iurplc  colour,  which  ie 
ac  hwn  of  the  ordiuary  archil  of  cammcrcc  ;  the  addition  of 
immoii  salt  pn>cipitates  it  from  its  aolutinnft  in  tbe  nlkiUies. 
filfa  metallic  salts  its  alkaline  solutions  yield  beautiful  iiur|ilc 
The  addition  of  acldit  restores  its  red  tint,  henoe  its  value 
the  form  of  litmus  as  a  test  for  free  acids.  If  a  solution  of 
ein  be  treated  with  hydrochloric  acid  and  zinc  in  closed  vessela 
beoomee  oolourle»9,  but  it  resumes  its  red  colour  on  exposure  to 
air. 

Beta-Orcia  (C,JI„jO,  ?),  the  compound  obtained  by  distillation 

'a»Dic  acid  (1333)*  is  regarded    by  Ocrhardt  a»  a  bomologue  of 

cia  :  it  is  easily  soluble  iu  boiling  water,  alcohol,  and  etlicr  ;  it 

a  slightly  sweet  taste.     When  mixed  vith  ammonia  it  rapidly 

]tiircs  a  tine  red  tint.     With  caustic  potash  it  yields  a  fiue 

■rple,  and   by  clUoridc  of  lime  its  colour  is  instantly  converted 

ito  a  blood-red. 


(1341)  Tbe  vegetable  colours  are  not  the  only  ones  whidi 
tn  used  in  dyeing;  a  tjcftutiful  blue  is  now  prcpiircd  from  ferro- 
cyaotdo  of  potassium  and  the  pcraalis  of  iron.  A  yellow  is  pm- 
4DC«d  by  cliromote  of  lead,  and  an  orange  upon  woollen  and  silken 
goods  by  means  of  concentrated  nitric  acid. 

A  Tariety  of  colours  are  used  by  the  artist  as  pigincuts ;  most 
of  these  arc  obtatneil  from  tbe  mineral  kingdom  :  muny  of  these 
mineral  colours  arc  wanting  in  transparency  and  brilliancy,  but 
they  arc  generally  very  durable.  The  pigments  procured  from 
Uic  TCgctabic  kiiigilom  arc  more  brilliant  hat  ^c»&  '^Tma.'n^vv\,  "vu^ 
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in  tbc  amall  aamW  of  catc*  \u  wliich  colours  are  olitaincd  from  I 
tbe  Animal  creation  they  generally  combuie  dura1)tlity  with  M-J 
liauc}-.  Several  of  the  pij^meuU  in  common  xac,  iuch  »  tM 
preparations  of  lead,  arscttic,  nu<)  copjivrj  ore  poi«onouM.  Mafl 
of  tlic  metallic  colours,  particularly  those  which  cotitain  leatt,  ^M 
iujurcd  by  exposure  to  aulpliurctlcil  hydmgcn,  and  become  bUifl 
^''eg^table  colotim  arc  eB{)ccially  prone  to  fadv  under  the  iallfl 
cnce  of  fttmcMpheric  oxygen,  aided  by  a  strong  light.  H 

(1342)  Colvuring  Matters  of  Plantg  and  q/"  WotMT».« 
Chlorophyll,  as  the  grcrn  colouring  matttT  so  generally  diffii^| 
tlirough  tlie  rogetahle  kingdom  ia  terineil,  ai>|iear«  to  be  0^| 
resinous  nattiro.  It  is  soluble  in  aloohol  and  in  fther,  btil  fl 
soluble  in  water.  The  alcoholic  solution  is  of  a  Ix-auciful  gr^| 
colour,  and  on  evaporation  IcavoK  the  chtor»|ifayll  in  an  anwrplm^l 
state.  If  the  leaves  he  treated  with  ether,  the  colouring  mal^| 
ia  dissolved,  hut  it  iti  accompanird  by  a  wai-likc  body,  which M 
insoluble  in  cold  alcolinl.  'When  present  in  tlic  leaf  it  undcrgifl 
varioufl  changes  of  colour,  according  to  the  plant  in  whicbfl 
occura.  In  nuiuinu,  before  the  leaves  fall,  it  geDcntlly  paafl 
into  yellow,  as  may  he  seen  in  the  lime,  the  [loplar,  tbc  botH 
elieatnut,  and  the  common  lanre).  In  ntlier  easea  the  colour  oliaogeP 
to  red  of  various  shadeft,  lu  in  (be  Virginia  creeper,  tbe  SpaaiA 
chcstnat,  and  the  aumncli.  Chlorophyll,  according  to  FrrtnTi 
coii»i!tts  of  a  blue  colouring  principle,  /lAy/Zcii-r/awtM,  aiitl  a  Ti-tlo« 
one,  phyllojumthin,  and  he  attribute),  tbe  yellow  culuur  aeqoin^ 
by  the  fading  leaves  of  antnmn  to  the  gradual  destruction  of<fl 
blue  oocistitnent.  He  fomid  tliin  rt-llow  colouring  mntter  to  IS 
come  green  uuder  the  action  of  bydi-ochloric  acid.  Phylhnaatld 
was  foiiiKl  by  Kromnycr  an  a  fusible  yellow  body  of  butvraottfl 
eoiiAiiiti^nce,  wluble  in  ether,  alcohol,  and  bi>nlpbide  of  cnrbofl 
Phyllocyanin  ia  an  azotiscd  body  (C,,H„XjO,j  ?)  of  »  dark  bM 
colour,  soluble  iu  cold  alcohol  but  iu»oItib!e  in  water.  Kromajfl 
separated  the  two  hi>ill(*»  hy  diitnolviug  chlorophyll  in  alcohol  aifl 
boiling  the  solution  for  a  few  minntcs  with  an  alcoholic  solutiou  fl 
potash  ;  thea,  on  nculralixing  nith  liydrocbloric  add,  a  yclluw  pml 
oipitate  was  obttuned,  leaving  the  »upcniatant  liquid  of  a  bcnutiAu 
bhic.  Ou  evaporation,  this  blue  litj^uid  de{K»ited  blue  floeculi  iiu 
soluble  in  water,  ■ 

Fremy  and  Cloez    have  examined    the    colouring  matieiB  <|l 
Tarious  flowers,  and  they  coutiider  tliat  lhe*e  tints  may  be  refcntfl 
to  three  distinct  BiilMtaiices,  oue  of  which  it  of  a  blue  or  rasa 
colour,  while  the  oilier  two  arc  yellow.     The  blue  or  rose  colour 
is  produced  by  a  comj^uuiV  \cW\\  Uu  bcAu  termed  cyantac,  tl^ 
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.  Uae  tint  becoming  red  when  exjiosed  to  the  action  of  an  acid. 

I  Bed  floirere  hsTC  liccn  oliscrvdd   to  possess  a  juice  the  reaction  of 

vhicb  is  acidj  nbilst  iu  Wvic  flowcnf  tli«  juice  is  iiciitml.     Cyaiiiiie 

may  be  obtaimsi .  from  the  pctsls  of  the  violet,  or  of  the  iris. 

Saatfiine  is  the  name  given  to  the  yellow  matter  whicli  is  insoluble 

in  water  :  tho  petals  of  tlu;  sunflower  uontain  xanthine  iaabunditnce. 

The  yellow  gubstanec  which  is  soluble  in  water  la  termed  xanlkeine  .■ 

I  it  bccomca  brown  bj  the  action  of  alkalies,  and  may  be  obtained 

,  from  the  yellow  dahlia.      Not  one  of  these  bodies,  however,  ha«  been 

J  isolated  in  a  pure  condition,  and  there  is  imiHitlc-ritble  doubt  whether 

:  ihc  colours  of  the  floweii*  of  different  jilanUi  be  due  uniformly  to 

I  llie  same  materials.     The  ycUow  colouring  matters,  however,  are 

eleariy  of  a  nature  different  from  that  of  the  blues  and  rcdit.    Many 

red  flowera  become  blue  nnd  ktccu  as  tliey  wither,  but  tliey  never 

become  yellow.     Blue  Bowers  arc  aUo  nonietimcH  observed  to  fitdc 

into  rod  before  the  colour  dif>apjiearA,  but  they  never  Wcome  yellow  ; 

aod  on  the  other  baud,  a  yellow  llower  as  it  withers  never  becomes 

I  blue.  1 

Dyeing  attd  Callto  Printing.  I 

(1343)  Pw  of  Mordants. — Of  the  various  colouring  matters 
in  dyciiij^,  some,  like  indigo  and  saUlowcr,  urc capable  of  being 
rmanentiy  attached  to  the  fabric,  and  of  fully  coramunicflting 
colosir  to  it  without  the  intervention  of  any  other  substance, 
have  hcnoe  been  terinwl  xu^lttitlivc  colours  ;  but  the  greater 
imber  of  the  colouring  mattera  nhieh  are  employed  in  the  artd 
removable  by  wa«!iiiig.  Such  is  Ihe  case  when  caliro,  for 
UDplc,  is  boiled  in  the  madder  vat,  or  when  flannel  is  heated  with 
fonon  of  cochiu<?al.  llt^iice  it  becrtnies  nccT^nary,  in  order  to 
the  colour  upon  the  cloth,  to  employ  various  substances  wbioh 
a  strong  tcudcucy  to  attach  themselves  to  the  libro«  of  the 
,  and  to  combine  chemically  with  the  tlye-KlnfT;  they  thus  ' 
the  connecting  link  between  the  two.  Bodies  employed  for 
is  purpose  arc  called  mordanlt,  and  the  colours  which  require  such 
tinent  are  termed  adjective,  eoluiira.  Various  iiK^rdunts  are  in  use, 
being  better  adapted  to  one  dye,  some  to  another.  Alamina, 
the  aliBpc  of  a  mixture  of  alum  and  cream  of  tartar,  is  cxtcn- 
Jy  employed  for  woollen,  good*  and  for  ftilks;  for  calicoes 
Etate  of  alumina  (1 109),  diluted  till  the  solution  lias  the  sp.  gr. 
J,  is  much  employed,  capeeially  for  madder  dyeing.  It  com- 
Dnmtcate*  to  cloth  icnpreguatcd  with  it  a  brown  tint  in  the  madder 
Tat,  if  coaeentrated,  and  a  red  or  pink  if  more  dilute, 

Perotide  oj  Iron   is  anotlicr   mordant    lar^e\j  lafci-,  'ft  \* 
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(—"•''■■n  of  gallbiff.     Every  joolb.  of 
;;iiniug  iweoty-Gvc  gallous  of 
ili.of  HDioacli.      Ilsviiigbecn 
ii-o  proocis  of  mordanting;  for 
»,  of  sp.  gr.   I'Oii.,  to    which  nn 
la  bos  been  added,  is  eiD]>1oye(],  and 
\ted  for  twelve  hours,  at  a  tempera- 
Trial  antl  washed.     The  true  pmcess  of 
in  the  matl(]cr  rst,   the  proportion  of 
to  30olh.  for  every    icolh.  of  cloth. 
to  the  vat,  and  a  certain  pro|Hjrtioa 
loyed  to  clarify  the    liquid.     The  next 
or  boiling   the  dyed  good»  with  a  wcuk 
1.  with  the  I'icir  of  discharging  the  brown 
r<I»  boiled  under  pressure,  with  a  solution 
),  in  order   to   brighten  the  colour;    and 
ilf  rinsed,  and    dried    by  exposure  on  the 


Prniinff. — It  is  not  nccc*»nry  in  woven  goods 
clioald  receive  the  niordaut ;  if  the  tatter  he 
«ith  British  gum.  It  may  be  applied  to  the 
'-"  means  of  suitable  machinery.  If  cloth  thus 
[  i .;  alloircd  to  dry,  be  pji*>ed  tlirongh  the  dye- 
anis  veil  naabcd,  the  morduntetl  portions  tdotiu  wdl 
lUr.  This  kind  of  pattern  dyeing  is  principally 
Mtton  goodi,  and  coiistittitca  a  very  extensive  branch 
dcr  Uic  title  of  calico  printing. 

uordant  with  different  dyes  produces  diflcreiit  tints. 
Dd  with  alum  in  a  madder  hath  gives  a  red ;  hut  if 
bath  contaiuing  lu^nuod,  it  i»  dyed  blacli. 
nordantA  produce  different  tints  from  the  same 
rial ;  for  example,  iu  a  madder  bnth,  n  piece  of  calico 
I  iron  gives  a  fine  purple;  but  if  it  be  niorduutcd 
jriehla  a  pink  or  red  colour  ;  and  a  mixed  roordantj 
on  kud  alum,  iu  snitahic  proportionfi,  givc«  n  cho- 
oolonring  material  employed  iu  tlic  bath  (»usiat  of 
ih  monluiited  with  aluro  will  be  dyed  yellov ;  if 
1  acetate  of  iron,  it  will  acquire  a  dark  drab,  and 
ut  uf  alum  and  of  iron  will  prtiduce  an  olire. 
produethlc  arc  susceptible  of  almost  iufiutte  varia- 
to  the  mcUiod  adopted.  The  cloth,  for  example, 
tlj  dyed  first,  and  the  colour  may  afXerwards  W 
Titu»,  ifapatiero  be  printed  npou  t\«  djcil 
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doth  nith  tnrtaric  lund  tbickenetl  with  gum,  and  dried,  on 
it  through  a  warm  Eolutioii  of  ctiloride  of  lime  the  chlorine ' 
he  discngtiged  upon  the   spots  to  which  the  acid  was  applied,; 
the  colour  will  be  rcmorcd  at  these  parts  of  the  cloth  only. 
the  pattern  discharged  be  requirisd  to  be  djred  figain,  the  acid 
be  mix(!(I  with  sorae  auitahle  mordant — supiwsc  it  Lc   ncrtile  i 
lead  ;  and  after  washing  out  the  Holiition  of  the  chloride  of  limf.l 
cloth  maybe  paaacd  through  aaother  liquid, such  as  bichromate^ 
potash;  in  this  ca»e  a  yellow  p&ttcm,duDto  the  formation  of  clir 
of  lejid,  n'ould  be  produced.     In  «ome  cases  it  is  found  to  l«  i 
couv<;i)i{-.nt  to  mordant  the  whole  clotb  in  the  fint  iuMtaiicr, 
afterwarda  to  dboharge  the  mordant  in  pnttcms.     Thus  a  jHe 
cftlico  nhich  Itas  been  mordanted  by  means  of  a  mixtura  of  i 
and    iron  mordants  may  be  dticharged  in  putteros !   by 
citric  acid  upon  it,  the  mordant  will  be  di»chai^cd  upon  thowi 
only  ;  if  it  be  then  well  washed  and  inimcrMxt  in  a  logwood  1 
it  will  come  nut  dyed  of  a  brown  colour  in  every  part  exorfit 
places  to  nvliich  ihe  citric  acid  vea  applied. 

Occasionally  with  substantix'c  colours,  BUch  a«  iitdigo,  whitl 
called  rtHist-paftes  are  used  :  if,  for  instance,  patt«Tus  lie  pfin 
U|ion  the  cloUi,  with  iiitratx:  of  copper  propixly  tbicktiied, 
the  goods  thus  prepared  he  pawed    through    the  indigo  ral, 
nitrate  of  copper  will  act  by  OKiditing  tlic  indigo  in  the  p«rtil 
which  the  suit  is  applied,  and  the  dyc-stufT  will  not  souk  into  I 
cloth  in  its  reduced  form  at  tlio*e  points :  hence,  tlie   eok 
matter  may  be  readily  wnshed  Qwny  from  the  »pot«  to  wliich 
reaidt-piiatc  was  applied,  whilst  it  remains  fixed  firmly  crtcya 
else. 

A  peculiar  modification  of  the  mode  of  fixing  tbe 
hM    received    the   name    of  ttcam  cototir-printing.     For 
colours  peroxide   of   tin    is  geoerally  employed   aa  the   inc 
Tlic  pcrcliloridc  of  tin    is   dceotnpoficd    l>y  nti   exoeas   of  |)otl 
which   diKtolves  the   precipitated  oxide,  and   into  tbiit  sola 
when  properly  diluted,  the  cloth  is  dipped,  and   allowed  to  A 
AfWr  tills  it   is  iiumcnscd   in  very  dilute  sulphuric  acid,  to 
tralite  the  potash,  whilst  the  peroxide  of  tin  remains 
ttic  fibre :  tlic  colours,  property  thickened,  ate  ttien  printed  oil 
pattern*,  and  the  whole  eiposcd   to  the  action  of  Kteam.     At 
teniperBlure  the  colour  combines  completely  with  the  too 
producing  a  brilliant  cSVct. 


CHAPTER  IX. 

Pnopccra  OP  Desthcctix'k  DisriLtATioN. 

S)  («)  Produeli  of  the  DUtiiiationof  Wood  andof  Remna. — 
ituices  which  sre  formed  during  llie  destructire  distilla- 
M)d  io  clwwd  vcwcU  »re  YCry  numcrouif,  Tbcy  vary  with 
■e  of  the  wood  operated  on,  knd  tlie  tewiicrature  at  urliich 
Imtion  i»  eflected.  The  decoiupo»itiou  coinmeuces  fdoniy 
Wraturc  of  about  i^o".  TIil-  volatile  portion  of  the  pro* 
ludcft  siilkitaaceH  vrhicli  are  ^Mxtu»,  ait  well  a.t  those  which 
I  or  solid,  wliilst  a  coDBidentble  residue  is  Icfi  in  tlic  form 
ftl  in  tbo  retort.  Amongat  tlic  giucous  products  of  the 
D,  tlu;  most  abundant  are  cwbouic  acid,  carlioiiic  oxide, 
Dgeu.  Of  the  liquid  products  ouc  portion  is  soluble  iu 
}m  odier  portion  is  insoluble,  and  b  of  an  oily  couaiBtenco. 
lie  portioo  coaaists  of  acetic  acid,  wood  spirit,  acetate  of 
ind  OMtone,  acooiapauicd  by  w»ier,  aud  by  other  bodies 
rfectlr  kiiomi.  The  insoluble  portion ,  which  ronstilutes 
',  is  cuiiiposcd  of  a  mixture  of  Tariniio  lii|uid4  liuldiiig 
Iters  in  solution,  or  in  mupciisiua :  its  most  important 
ikta  arc  acTeml  forms  of  liydrocarbon,  such  fa  toluol, 
not,  and  othvr  l>o^licD,  Bticli  a»  cupioii,  which  Iiilvc  boeu 
etl^  examined,  besides  a  number  of  otidizod  compounds, 
I  lucasote,  picamar,  aud  kapiiomor.  Amongst  the  »ulid 
■re  TCsBtitou«  matlvrs  more  or  less  resembling  colophony, 
sf  iMxly,  which  has  been  termod  paraflin;  there  arc  aim) 
MR- bodies^  such  u^   naphtlt&liu,  cedriret,  pittacal,  pyreue, 

fd  pyroxaiithiu. 
lueta  of  the  distillation  of  wood  obtained  at  the  loirest 
arc  those  into  the  coiii)HJsitionof  which  oxygen  enters 
lly,  such,  for  csamplc,  as  uatcr,  acetic  and  carbonic  acids, 
etaperatnre  rises,  comjKiuiida  containing  lesA  oxygen  are 
p  IbrtBed,  Auch  as  wood  spirit,  acetone,  aud  kreasote ;  at  a 

Keleratcd    temperature  Torioua  hydroorboas,  such  as 
^  CDpioOf  and  the  differeat  forma  of  paralEn  are  pro* 
!at  u  the  temperature  approaches    to  reduess,  pure 
Hndomioates. 

^Bistillatioa  in  iron  cylinders  of  air  dried  hard  w(hmU, 
■K  or  bcedi,  the  charcoal  reaches  idxiut  3  j  1  or  ccut.  of  the 

tviiod  employed,  or  alwut  thrct^fiftba  of  the  i\aai\Ut^ 
Hit  in  the  wood.     The  liquid  portion,  amovuitvBg  to 


Ik 
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ifaoot  53  per  eeat,  oontunii^  aboat  one-fifth  of  th 
dnr  of  cmrtuo  ia  the  wood ;  aod  the  rcQuinio" 
iTii<llWr,  ooasiatiDg of  aaooiulcn»ecl  ^ascs,  otmetoiTlbDm 
of  the  esAoK.  Amoog  the  liquid  pmdacu  ftcrtiv  tcid 
betvcen  3  nd  4  pn*  ceot.  of  the  vdgiit  of  tlio  bu^a 
y«|irtfc»  to  about  t  per  ccoU,  uid  the  tor  to  yj  per  ceau 

Sttekkoim  ttr,  90  Ivfctv  used  in  ship-tiuildiD^,  is  obtt 
ft  rade  kind  of  disttlloiiati  of  the  resinous  aood  of  Uie  |i 
ffowaj  ckTitT  la  formed  ia  tike  adc  of  a  hiDock,  tl>c  npn 
ceee  bdng  biFlov,  sad  teraimitiaK  in  an  ttpcrtun>  that 
a  traofli  leading  to  a  reaenoir  for  the  tar.  The 
with  wood,  and  covered  orcr  incompletely  with  turf; 
Kjchtol  at  the  top.  and  the  contliuation  rvgulatcd  hf 
m  man  or  less  oompletelF  ;  tbc  wood  U  thus  charred 
dowvwaids,  and  the  tar  4owb  off  at  the  bottom, 
eawidetable  quautil;r  of  reaiti,  nud  mixed  with  acetic 
of  tvfoiti&e.  When  be»t«d,  an  iaipure  essence  of 
£K3kd,  leating  a  black  reaioous  fub&taace,  which 
oc^nai;  fitck.  Tbc  »peeific  gravity  of  tlin  ordinarj 
DCTce  is  ahoat  1*040. 

Is   preparing  (rmligneoiis  acid,  wood   which 
Gttle  rtaia  ta  med,  and  the  coDdoosntioa  is  more 
tar  a  of  a  diflvtvni  kind,  aiid  coatnin>  a  variety  of 
bsTB  bren  almtdy  enumerated. 

(134;)  i*«na^  {*CH)  Sp.  gr.   0-870.— ThU 
preo  by  Rcadwabaeh  to  a  eryttallinc  subetance 
(be  aotid  constitaails  of  tor.     It  conies    over  dt: 
•ages  of  the  di&tilUtioa,  whpn  the  rrade  tar  ia  rvctif^ 
i»  putieiilarly  ahuadinc  ta  bccdi  tar,  bat  a«oording 
bach  it  is  alao  found  in  the  tar  of  both  animal  and  *' 
staacea,  as  well  as  in  that  of  pitcoal.      At  nnlinary 
beeAwood  partfBn  i«  a  hard  crretallinc  white  ault<tafu<^ 
tither  taste  or  odour,  soDKwbat  brittle,  and  rrawinb' 
both   to  the  touch  and  in   appearance.     It  fuacji  bi 
cokmricM  oily  tiqnid,  whieli  rcioainB  trausparent  afte 
ticiu,  and  at  a  higher  brat  may  bo  distilled  uaclian^ 
not  diMolve  cunjihur,  napblbalin,  or  pitch  "■'  ■-    '^■i-cA 
het  may  readily  bo  mixed  with  stearin,  8|xi  \tf 

cmnruoa  mia.     CsAA  oHre  oil  diuolta  it  iy. 
with  it,  hot  hot  oil  diMulvu  ie  freely.      Oil  t.,   i-irii 
hoBMl  dtW4ilvr  it  abumUnUy  i  to  ii1k>  doo*  ether.      Ik 
luio  alcohol  docs   not  take  np   niore  tlmn  3*45  per  o 

* ■^   and     licpORlU    *>^■     •     -     ■—:•     ■-        -      ■■      -j^ 


VjtaiKTlU  OF  TAtLXmJt—f.KKXWflJt  OIL. 


flame;  candles  miule  of  it  burn  like  tho9«  made  of  the 

The  8troDgc»t  aciils  ant]  nlkalic»,  and  ctcd  chlorine, 

high  h^mperuture,  are  uiiliout  l^^e4■t  upon  it;  hence  it 

red  Ute  uainc  of  paraffin  (from  /xirum  affinis].     In  onlcr 

titc  piar&fiin,  tJi«  heaviest  portion  of  the  tar  oils  is  gra- 

iicd  vrilh  from  {  to  |  ita  weight  of  oil  of  vitriol.     The 

urt:  rited  raptctir,   aud   a  black  liquid  is  formed,  wbicli 

pliurous  «cid.      The  tennjcrature  must  be  raised  to  ai3°, 

I'tiAch  thnt  jtoint  Bjmiiuiiieously  ;  the  mixture  miut  then 

fe■■.  al,  rc^L  in  3  place  l)ic  tcmperiiture  uf  wiiicli  is  not 
fiilt  below  1 20".  A  colourless  liquid  rises  to  the  surface ; 
nllou^d  to  eool,  when  it  will  become  ioliil.  If  now  it 
e>t  ami  «ihiuitied  to  pressure,  a  Itmiid  oil  will  be  removed 
'  pnrafTin  roay  be  purified  by  cr^nlallizalion  from  alci^bol. 
ii4M  tcritH'd  cfrene  and  melcne,  which  Brodie  obtained 
lie  di»tilluiun  of  wax  (1055),  aru  very  similar  to  this  sub- 
Kid  contaiD  rarboo  and  hydrogea  in  equal  atomic  propor- 
Tt  is  probable  that  many  HiibHt^iiictM  termed  porafUn  consist 
tturt;  of  Btivural  potymerie  hydrocarbuus,  which  form  the 
aenns  of  the  scries  to  which  oleGaat  gas  belongs;  the 
point  of  different  l>odic«  prMCtkting  the  nppL-nrancc  and 
»  of  paraffin  Taiyiug  l)etween  j  )0°  aiid  149°.  It  is, 
,  Tvry  difficult  to  determine  by  analysis  of  tbc  higher 
r  tlic  scries,  whether  their  formula  should  bo  Cj,Hj,  or 
^,  which  latter  liew  Anderson  is  iitdiucd  to  support. 
n  on  abuiidaut  couatitueut  of  Riiugoon  petroh:iini,  and 
f  '    Jiined  in  considerable  qnantitr  from  the  products  of 

t-  _  :i  of  iicut,  iw  well  a^ofceriaiii  forms  of  lignite.  But 
lupplyuf  thewlid  paniflUn  of  cootiucrce  is  obtaiucil  from 
IlaU;  of  the  bituminlfcroiis  substance  known  as  BogJuail 
note.  p.  125). 

^bi  OiL — Amoa^t  the  products  of  the  distillation  of  Bog- 
Dud  in  a  Urgi^  quiuitity  of  an  oily  matter,  tlie  proportion  of 
tptmloex,  the  lower  the  tcmpcrnturc  at  which  the  distillatiou 
1.  The  oil  is  almost  entirely  free  from  oxygen.  Wbea 
B  Tol^tile  portion  may  bo  separated  from  it,  wbieb, 
r  to  G.  Williamji,  contains  several  of  the  radicles  of  the 
iocludiog  tctryl  and  amyl.  The  campound.s  whicli  come 
bigbcr  temperature  appear  to  belong  to  the  fa ydroearbous 
if  (C,,Hj,),or  po«sibly  (Cj,Hj,^  j).  For  practical  piir- 
ly  be  separated  into  three  portions,  one  of  which 
id  Bt  Tery  low  temperatures ;  the  8[>.  gr.  of  l\ua  is 
and  it  haii*  at  41S''  or  upwards  :  it  is  largely  uac4  m. 
^/JSH  oat'c  A  i«J-iet/  of  natnes.     'Ihe 
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portion,  vliicb  la  distilled  at  n  Iilgher  tetnpetahure, 
ofu  solid  lifdtXKrarboa  (one  or  tbe  forms  or  por&fllD),  w' 
a  great  reducUon  of  temperature,  Ktid  titi*  Iftst  portlt 
itistillate  arc  tetni-soUd  at  ordinary  icmpcraturei.  ll^ 
iherefore,  that  the  prwlucts  of  the  dwtitlatioD  of^ 
contoiti  »  mixture  of  »everal  snbslatirm,  tlie  Leas  voU^ 
arc  found  bf  analy^  to  cotisiet  of  hydrocarbon*  of  tlie 
as  parafliin.  'llie  less  volatile  liquid  portion  of  tlic  ui)  i 
pomffln  in  wlution  in  a  miiture  of  liquid  hjdmcarl 
the  same  ultimate  compositiou  as  pamSiti.  TUis  oil 
used  nnder  the  name  of  parapn  oil,  for  the  pnrpOH 
machinery,  to  nhicli  iiNC  it  U  :idmiral>ly  adapted,  »inct 
become  oxidixcd  or  thickened  hy  exjwsure  to  the  air, 
rates  but  sloirly. 

(1348}  Pt/rcne  antl  Cftrynrne. — Id  the  later 
tallatimi  of  fatty  and  of  rcainouB  bodies,  and  ia  that 
yellow  powder  is  sublimed,  vhich  contaim  two  bq 
by  laurcnt,  pyrcue  and  chrywnc.  Pyrmc  tCy,H 
fipoin  nvp,  fire,  to  indioate  ita  origin  from  the 
aolnble  in  hot  etlier,  and  may  Iw  separatnl  from  chryaew 
of  this  solvent,  which  at  a  Low  temperature  deposita  M 
Hcoptc  rlioniboidftl  plnte^.  It  U  iiiHoluble  ia  water,  4 
tute  of  odour ;  it  Iubcb  at  atxnit  350°,  and  may  be 
altered.  Chryacne  (C,,HJ]?  is  a  crystalline  anli 
Wnntifnl  yellow  colour,  whence  its  name,  from  \pm 
Itisinodoron3,iiisolublcinwateraiidalcohol,ajid  onlvi 
iuctbcT:  boiling  oil  oftiirpeutiuedisaolveait  inorei 
It  fuM-s  at  about  430°,  and  is  partially  decom[>o*cdwl 

('349)  PsrwroHlhin   (Cj,H,0,  ?    Gregory). — 1 

was  discovered  by  Scanlau  nmoug^t  the  prodncta  of  th4 

potash  upon  crude  wood-spirit.      When  crude  wot''^;-- 

ficd  with  lime,  a  dark  brovn  leridue  remains  in  ■!     .  . 

vlicu  treated  with  hydrochloric  acid   Icavoa  a 

matter,  consistitig  of  pyroxanthin   and  a  rtainoua 

this  residue  he  boiled  in  alcohol  it  is  in  great  ntca»ii 

and  an  the  liquid  cools,  crystala  of  pyro\nntbia  are  dci 

yellow  needles,  hence  its  name, — from  wi'p,  fire,  £11 

It  ia  insoluble  in  water  and  in   alkaline  »otutian«, 

Itot  alcohol,  ether,  and  aoctio  acid.     It  fuses  at  391* 

sublimed  iti  a  current  of  air  at  JJJ*".      If  it  be  at 

doicd  tube  it  undergoes  partial  dcouinpo«iitk>n.     It 

aulphuric  acid  with  a  deep  blninh  red  colour,  awl  tn  hji 

with  a6nepuxp\c,  w\ucV«owkiGitMBb\si,\tt4uiV\xQwa. 


••^iTv    in  shallow  iron 

I*:  tlic  solid 

*iy  a  rcpetitioQ 
-'"^■Jiuric  aoidj  and 

i^tmcnt  with  oil  of 
■■j^cd  for  lubricating 

'"Otilaina  wood  Kpirit, 
^if  noDcent rating  and 
rto  liecn  too  great  to 
'■bis  liquor. 


' '"«  of  PU-eoai 

I  itioQ  of  pit-coal    are  still 

;iih1  ihev  are  invested  with 

■   iDtimate  conucxion  with  thp 

'imcd  in  the  open  air,  the  principal 
r«  carbonic  acid  aud  water,  ^th 
'  -ulphuroiw  acid,  derived  from 
■  I'     [ivritejt  contoiiicd  in  the  coal ; 
II  a  finely -divided  form  eiicnppa  com- 
■  lot  or  visible  smoke  of  »  coal  fire, 
I'lc   coal   i*  effected  in  vessels  from 
I'O  prodncts  are  much  more  numeronx  nnd 
Douot  of  Tolatile  matter  is  e\pcllccl,  partly 
Bible  gBM»,  mid  |iiirtly   in   the  form  of 
IttCcd  to  the  ordiimrr  temperature  of  the 
Holids ;  whilit  a  large  proportion  of  tbe 
tains  behind  in  the  retort,  and  forms  a 
Ee,  known  as  ffot  coke. 
products  the  most  important  are  marsh 
ECU,  carbonic  oxide,  carbonic  acid,  sulphu- 
il  ammonia.     The  liquid  portions  contain  water, 
'*  of  hvdpocarboii,  such  as  benzol,  toluol,  and 
^'-ittttc  the  chief  iii^Tcdieuts  of  the  liquid  tcnaed 
which  there  is  a  large  quantity  of  n  dark 
^own  ns  coal  tar,  the  nature  of  which  will  Ite 
red  hereafter  (1356). 
{•  to  bo  emplojretl  Cor  the  purpose  of  iWaiaV- 
■*  dwcirmg-boaae,  it  is  not  sufficient  to  con- 
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ai  Ifdnxatbons   is    eSTected.      IaMIjt, 
cUoride  of  calcium,  and 
••  pni«  if  its  baiting:  poiiil  be 
'  IvDva  wbcu  kepU* 
iben  purr,  is  a  ooli 
It    is    ucit    castljr  in 
vkb  a  smoky  flame.      Its   taste  i» 

poagmt  and  pocaliar ;  \{  vnlkmi 
,  few  Jrop9    it    acta    as    a    [kusou 
ia  water,  to  wtkicb  il  oominniiicBl 
tarte.     It   is    solulilc  freely  in 
ether,  as  vd  »s  in  benzol  and  Insttlpbu 
vitk  potaA,  and  Tomu  a  ciyslalUne 
of  ■Monia  abo  dtssolna  it.     Kresaote 
of   albumen.      It    is    tbc 
Meat  that  bas  t>ccn   plunged   iuto 
t  per  oraL.  of  knasotc  gradually  becomes 
ID  de  air,  aad  aoqoires  tbu  flavour  ot 
,  act  htaoaK  patrid.      A  Cocsiderablv  portion 
to  1 4  per  ceot)   u  bcid  in  solution  in  tho 
.  aod  obtvaed  dariog  the  dc-stnictive  distillation 
mi  M  latataiiaf  A»  wid  at  167°  with  cfBoreaccd 
ao^  aA  oflj  matter  wfaidi  oootaina  a  largo  pro]rardoa 
K  Kpantxd,     Crude  prmligoeous  actd,  on  account  of 
vbkk  if  oomaiay  is  rrc<)deiitljr  «mp)o^ed  for  preaeni 
«lBi4  fWTiriow,  to  wbkii  it  communicRtcs  Uie  save 
iIh;  bid  boa  cxfouBA  to  wood  imuke. 

I  when  largely  diluted  is  sometitncs  givai 
obstioBte  Tomiting.     If  applied  in  a 
I  (b«  capoacd  pulp  or  a  cnhou»  tooth,  it  Trtq 
in  catnt  of  acute  toothache.      It   is 
L  a  very  diluted  fortn,  in  some  cose*  of 
cutanroua  affectious.     If  a[>pli<>d   to  the 
attic  it  produtfCM  a   white  »{iut,  the- 
ami  ptda  aS  without  an;  attendant 
sy  organic  bodies,  such   u 
tA^  ukI  mail}-  of  the  rc»ns. 

Lt  kreasute  amy  he  a 
formula  may  he  < 
.  mixture  of  cti'-  ■ 
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bfdrocliloric  acid,  yields  pcrcbloroquinonc  or  cliloranilo  {1163). 
Kreasotc,  vlicn  treated  in  a  similar  manner,  furnishes  a  resinoiu 
■uss,  wliirh  after  digestion  with  cold  iilcohol,  leaves  a  cora> 
pound  KseinbliDg  chlorauilc  in  ap[)camiirc  and  projverties 
(CjjHjOjOj?  Gorup  Bc^ancz}.  Tliia  new  body  crj-stidliiics  in 
brilliant,  golden  yellow  ptntc*  ;  it  in  insoluble  in  water,  sparingly 
Bolulile  in  culd  alcohol,  nud  freely  soluble  in  ether;  it  may  be 
sublimed  at  about  3^0^*.  Gcrhardt  bus  sbown  that  the  more  pro- 
table  formula  C|,H^C1,0^  corresponds  equally  well  with  the  resiilt<i 
of  ib  analymti,  and  in  that  case  the  compoiuid  wonM  be  homolo- 
gona  with  chtoranile,  and  would  coutaiD  z  (CjHg)  more  than  the 
Utter  t30<ly. 

('352)   Kttpnomor  (CjoHnOj?  Voelckel ;  from  urain'oc. 'fnolte. 
and  ^o7|>«,  a  part) ;  Sp.  gr.  o'995.— This  is  a  colourless  oil  of  pecu- 
liar odour,  which  boiU  at  about  360°,      It  ia  insoluble  in  water  and 
la  a  folutioii  of  pola^li,  but  it  is  pnrlially  soluble  in  an  alkaline 
Bolutioa  of  kruaaote.     It  is  soluble  in  sulphuric  acid  with  a  pnr- 
Iplish  red  colour,  and  forms  witli  it  e  colligated  acid.     Nitric  acid 
lOOUTerts  it  into  oxalic  nud  cnrbazoticacitb,  andQuothcrcrystnllizctl 
body  which  has  not  hccn  examined.     Kapnomor  is  obttiincd  1]y 
■  dtatilliiig'  the  crude  nolutioa  of  krciiNotc  in  potn»h  with  water :  it 
posses  over  with  the  vapour  of  watRr. 

Reiclieubach  has  described  various  otiier  compounds  from  tar, 
under  the  names  of  pitlacal,  a,  solid  compouiiil  of  a  deep  blue 
colour;  of  pieamar,  an  oily  body  of  wp.  gr.  no,  which  baa  a  very 
litter  taste,  and  foniiH  a  cryslaltinc  compound  with  potash  ;  and  of 
trrlrirft,  which  crystalllKes  iu  orange-red  ncedlea  from  a  eolutloa 
of  [K-rxuIphatc  of  iron,  and  it  dissolved  with  a  blue  colour  iu  oil  of 
Titriol;  the  properties  of  all  these  bodies  have,  however,  been  but 
iummpletely  exaiuiaed. 

(A)  DistWation  of  Peut. 

(1353)  The  distillation  of  peat  Laa  of  late  years  been  attempted 
I  a  considerable  acalo,  and  the  rcaiilta  obtained  arc  of  auSiclout 
Brest  to  jiialify  a  brief  notice  in  this  place. 
Attempts  to  elTfcl  the  disliOatiou  of  peat  iu  closed  cylinders 
tbo  manner  practised  for  wood  and  coat,  have  failed  innnecotio- 
point  of  view.  The  pcat  charcoal  thus  obtained  is  too  htilky 
too  hrittlc  to  be  commonly  used  with  advantage  aa  a  fuel, 
biltt  tlie  perccutage  of  ash  which  it  yields  is  often  extremely 
large.  Of  late  years,  however,  a  process  has  been  in  operation  at 
Athy,  near  Kildnrc,  in  which  the  distillation  of  peal  liaa  been 
carried  un  by  the  heat  cvuhcd  during  its  own  com>)a%l\Q\x.    *t\£A 

I  r  2 
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downwards,  t«rraitiadag  at  e,  bate" 
in  a  long  and  wide  pipe,  /,  called' 
ma  horizoiitaUy  along  die  ftoutoT 
pipe  is  kept  rouslautl^r  lialf  (nil  a!' 
By  tbia  mcaiis  the  opcuiiif  iuu  a 
I  by  s  water  valTC,  which  pcniiiu  & 
■ed  to  any  one  or  more  retorts,  «itlui 
of  those  which  am  still  in  sctiuh. 
IB  the  hydraulic  main,  flows  orcrmto 
b  alvat  four  lioum  after  rhurgitig  the  retort, 
fM  at  Dear);  all  its  gas,  and  a  fmb  cliargei 
il;  hut  h  it  not  an  unusual  practice  to  chai 
i  laterals  of  six  haiir«,  itincc  the  gsK,  tlia 
,  ia  iimaMtd  in  quautitv,  aud  the  coVe  is  Impf 
',  When  a  cbarge  is  to  be  drawn,  tlie  moi 
,  aoil  tlic  coke  raked  into  large  iruu  Ixni' 
hf  pouring  water  over  it.  A  frcwh  s' 
^^■fe  qtfndaced  bj  mcana  of  a  long  ficoop,  to  1 
ad  qoantity  of  «Md  u  placed  at  once  u 
which  u  at  a  bright  r«d  heat.  Tlic 
pRpucd  «itli  fresib  luting  upon  ita  edgea,  is  t 
litiM  tibtdlatiou  proceeded  with.  In  large 
•tMm  4EV  w  amutged  that  a  fretli  »et  ohall  require 
tMtb  ia  ofdv  that  the  gas  which  is  produced  aliall 
^gtkf  OBiftiXB  in  quality.* 

Hhfuic  deposited  iu  tlie  hjdnulic  main  meet 
^^  wmttt,  oootainiiig  in  solution  a  good  deal  o: 
t  of  aauuoiiia,  the  gas  passes  uoxt 


B  iftt  civvn  off*  i»  Hit  beat.  aaJ  a1*o  lb*  1 
a^  kai  time  to  riM^  to  lh<<  full  l(-nr  lif 

ipM^lo  best  for  fitL-  Itotm.  nx. 
■iito  ot  bjdroirei]  tad  carbonit 
rtiat  thruu>!)ii>ul.     The  folloviitj.'     :  II 

I  bilirlir  of  oannd  oo<al.  or  tliv  u.':,!-.   ^- 

r»  ivbonised  at  a  full  olten7-rtd  hcKt,  aai 
m  m  fullims  :— 

Oi>Mcr<M. 
intlioiir     .     .    345    •    •    •    ■    ■ 

:  :  :  ;  ?S  ;  ;  ;  :  ; 


^i  to  740  euU,e  ft'i'l ;  bat    il  ■ 

■  '      "\  '    ■■■  -Mu  (Igpi  ■ 
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faion  or  «BMtew«n,  jj,  ■.  aeries  of  icrpentinc  or  eon- 
imbw;  tbw"  "«  kepi  cool  by  the  eitent  of  nurface  which 
to  tbo  ftir.  and  thtit  temperature,  when  iieces* 
reduced  still  further,  by  allowing  puld  water  from  the 
i,  to  flo*  orer  their  cslerior :  liere  most  of  the  remaining 
|iqaeott8  rapour  become  sejaratcd.  From  the  condenser 
to  the  lime  pvnfier$,  x.  t!,  vtliich  connst  of  cast-iron 
ilaiiiing  »  numhcr  of  liorizoalal  prrforatcd  sliplTes,  w  wi, 
one  »)»«  another;  upon  these  sliclve*  dry  ^akcd  lime  is 
the  (icptb  of  Hhout  fire  iuche*.  Tlic  gas  enters  at  the 
the  purifiers,  and  rises  oii  one  side  through  each  layer 
iticceHioa,*  deactodiiig  on  tii«  other  Bide  of  the  purifier 
tcB  its  e^til  ut  «,  In  these  purifiers  the  gas  loses  cflrhonic 
phnr<tt<'d  hvdrogcD,  Bulpho-cymiogen,  cyniiogen,  and  traces 
^tbalia  which  arc  &titl  ouspended  in  it ;  Gualljr,  it  is  caused  to 
ju  l^ubblt'^  til  ro»igh  dilute  sulphuric  acid,  with  the  view  of 
wg  Uic'  ]a«t  iwrtions  of  nnimonia  ;  but  thi»  part  of  the  sppa- 
daot  represented  iu  tbc  figure. 

I  ma  "J  worlis  t  be  process  of  voshiug  with  acid  is  superseded 
Bsc  of  an  apparatus  termed  a  ierubber,  con«i»ting  of  a  tower, 
of  irhich  ia  filled  with  Bmnll  coke  renting  upou  pcr> 
iTCfl  ;  through  thit  tnaiw  of  porouK  niatmul  a  coustaut 

Ji  water  is  maintained,  aud  hy  this  arrangement  the  ' 
mlors  at  tbc  bottom  of  the  tower,  is  exposed  to  a  lar^ge 
larfacc,  aud  the  ammonia  i>  cOtiCtually  removed.  This 
jircvcr,  aotncwhat  diuiiiii^hcs  the  illuminating  power  of 
br  rciuoring  a  portion  of  the  vapour  of  Aome  of  the  more 
ibic  liydrucarboas  which  arc  held  in  su»peiisioD. 
aixturo  of  hydratcd  oxide  of  iron  and  moisteued  sawdust 
txtonatvcly  substituted  for  slaked  lime  in  the  purifier  (636) ; 
icr  Milwtancca  ore  al»o  occasionally  employed  with  a 
;tusl)y  arreatiug  the  sulphuretted  aud  ammoniacal  im- 
gsB,  after  it  has  been  thus  purifiDLl,  is  stored  up  for 
>n»e  resonroirs  or  gasometers  of  metal,  r,  each  consiat- 
ju  bell  of  sheet  ipoii,  inverted  in  a  brickwork  tank,  5, 

fc~   water,  in  which  the  bell  rises  and  falls.     The  bell  ia  in 
nearly  conntcrpoisird  hy  weights  attached  to  chains, 
over  piiih-yi»  Huitably  mpjiurted,  or   as  is  now  more 
constructed  as  to  rise  and  fall  by  the  admission  or 
gaa  without  the  necessity  for  such  couutcrjxiiscs. 

ui  made  into  ■  ilitn  crrsm  I'j  ntlniistHrc^ilh  wtitCT 
imta  ia  babblet  (JiK>utit)  ihn  mixture,  but  (jenvTuW^i 
ut  tiitfonaofa  iligbtly  diuop  powdur. 
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:  volatilized  consist  .chiefly  of 
manent  gases  which  have  been 
s.  As  the  temperature  risea, 
iacal  salts  cotneB  over,  and  a 
pon  the  surface  of  the  water  ia 
roceeds,  water  ceases  to  come 
creases,  its  density  continuing 
y  exceeds  that  of  water.  The 
a  5  to  10  per  cent,  of  the  tar. 
m pounds  which  rapidly  absorb 
to  become  brown  on  keeping, 
Dn  of  oil  of  vitriol,  by  which 
ed  into  a  tenacious  tarry  masa 

which  it  is  no  longer  soluble, 
again  rectified  constitutes  coal 
ation  of  the  coal-tar,  a  yellow 

as  dead  oil,  is  obtained,  the 
3  per  cent,  of  the  quantity  of 
i  of  the  operation,  naphthalin 
le  oil  becomes  semi^solid  as  it 
etort  solidifies  on  cooling,  and 
he  preparation  of  asphalt,  and 

production  of  a  coarse  black 
-k  from  rust.     If  it  be  desired 

much  higher  temperature  ia 

undergoes  decomposition,  and 

has  the  consistence  of  butter  ; 

At   a  still    more    advanced 

acquires  a  yellow  colour,  and 

and  as  the  temperature  of  the 
apours  produced  become  con- 
nge-coloiired  powder  which  is 
1,  agglutinates  into  a  viscous 
fly  of  the  chrysene  and  pyrene 
tort  after  it  has  ceased  to  give 
)rous  coke  which  is  difficult  of 


is  seldom  submitted  to  further 
.rbolic)  acid,  aniline,  quinoline, 
istiug  chiefly  of  hydrocarbons, 
and  which  hold  a  considerable 
1.  Heavy  coal  naphl\\&  ox 
Jtic  qualities,  and  ia  emip\o^e4. 


column  of  wflt«r  twa  ortlircc  iuci 
the  iiiiits  or  maM,  o  o,  by  ■wliii 
coi»umors. 

In  the  fon-going  prooosa 
tBticc  is  liie  rliie  regiilstion  of 
tion.  Tbo  retorts  sliould  be  1i' 
th^  be  inauffiricQtly  heated,  tbe 
tilT  of  the  Yoimura  uf  condcnsibli 
tlic  gnsncuctcrs  atiJ  tlie  distributin 
and  inconvcui<.'iic<! :  wKilet  if  the 
the  gas  after  its  production  be  all< 
XTitli  thv  liiglily  bcxted  «ur&tcc  of 
tlccorapofiition ;  a  portion  of  its  t 
dense  layer  upon  the  interior  of 
chokes  up,  nud  at  tbc  s«ini(!  time 
is  projiorlionately  dimimBhcd  by  t 

III  addition  to  tliis  incontcni 
to  be  formed  in  nmaW  qunntity  if 
too  high  ft  temperature,  and  no  eeoi 
by  wliidi  thii*  body  can  lie  removed 
impurtCy  i»  bunted,  it  pra  riec 
quantity  of  Biilphuric  acid,  wUict 
ftirititiire  of  the  building,  on  ill 
slowly  corrodes  and  otherwise  inju 

(1356)  ComjMun (hi  present  in  ( 
sity  from  riao  to  fl^o  ;  the  lig 
proportion  of  liquid  oils.  Of  the 
sotne  are  boisir,  niid  txmw  neid,  but 
ucutml  or  iudiffercnt  Iwdics. 

The  bases  include  amraoiiia, 
pyridine  (1 1}?5  rt  sf^.).  Among 
small  amount,  but  the  meat  iinpa 
acid  of  Bnngc.  Tliis  chemist 
termed  roMfie  and  brmiotie  add 
nation. 

Tlic  ncntml  subntancoi  coata 
iDg  Iieiizol,  toluol,  cumol,  anil  cs 
constituent*  ;  whilst  napUlialin,  a 
arc  lUfMtig  tboRC  which  are  solid 

The  iliolillntioii  of  coal-tar  'u 
iw  a  Bcpanitc  Wawdi  ol  itaAt. 
Jar-jc  irou  rctoito  upon  TvotttiVtiM 
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first  pattioDS  that  ak  voUtilised  consist  chiefly  of 
accotiiiintiicti  by  some  permaueiil  gases  wbicli  have  bceti 
rv  lUc  liiiniJ  liydroculjoiis.  As  tlie  tciujtcnilurc  mc», 
cd  witii  mnous  ammoiiiacn.1  Kalts  come*  over,  and  n 
owu  oil  gndtially  collects  upon  ilie  surface  of  the  water  ia 
aver.  A»  the  ditlillatiou  proceeds,  water  ceases  to  come 
ul  the  qnimtity  of  thiH  oil  iftCreas»,  it»  density  continuing 
icut  uutil  its  sjieciGc  gravity  exceeds  that  of  water.  The 
I  amounts  generally  to  from  j  to  lO  per  ccot.  of  the  tar. 
■tillnte  lutty  lie  frecil  from  coni|»unds  which  rapidly  nWorb 
and  cause  the  di>ti]l«l  oil  tu  become  brown  on  koeiMng^, 
takiun  with  a  small  propoi'tion  of  oil  of  Titrioi,  by  nhicb 
izabic  products  Are  ootivcrted  into  a  tcnnciou»  tarr^'  mnsa 
n  the  rest  of  tltc  oil,  in  which  it  is  no  toiiiccr  soluble, 
superoatant  oil  when  agaiu  rectified  coitatitutcs  coal 
ouDtiiiiiiiig  the  diKtillatioii  of  the  ciKil-tnr,  a  y<.-llovr 
id  oil,  tvchuically  knonn  as  dead  oil,  is  ohtaiiie<l,  tlie 
wliich  seldom  exceeds  30  per  cent,  of  tbo  quantity  of 
ed.  In  tlie  latter  stage*  of  the  operation,  naphtlialin 
t  in  the  distillate,  and  the  oil  becomes  Hcmi-jiolid  as  it 
he  black  residue  in  the  retort  solidifies  ou  cooling,  and 
hich  is  employed  in  the  prcpiu-atioii  of  asphalt,  and 
g  ingredient  in  the  production  of  a  conT»c  blucU 
',  u"i«l  for  )irotectiti^  iron-work  from  rust.  If  it  be  desired 
ly  the  distillation  further,  a  much  higher  temperature  is 
ed,  when  the  pilch  iu  itx  turn  undergoes  dccompo«itiod,  and 
product  which,  wlicu  cool,  lias  tliu  cuiiHisteuoe  of  butter ; 
l»  chiefly  of  autbracene.  At  a  still  more  advanced 
bf  thft  pr<ice»*,  tltc  distillate  acquires  a  yellow  colour,  und 
the  appearance  of  a  resin ;  and  us  the  teni{H>rature  of  the 
approaches  a  red  heat  the  vapoura  produced  become  con- 
in  the  form  of  a  bright  orangc-coloiire<l  powder  which  i* 
om  odour,  aud  wlieii  prcsned,  agglutinates  into  a  viscous 
This  Bubstsiiee  consists  chielly  of  the  chrysene  and  pyrcne 
irent.  The  roidue  in  the  retort  after  it  has  censed  to  give 
Ktile  matlen,  fonns  a  hard  porous  coke  which  is  dJOtcuIt  of 
ilion. 

0  heavy  ooal-oil,  or  dead  oil,  is  seldom  submitted  to  further 

ilioB.      It  eoDtaina  phonic  (carbolic)  acid,  aniline,  qmnotine, 

'y  of  other  bodies,   coosistiug  chiefly  of  hydrocarbons, 

otVL-en  3yo°  aud  570",  and  which  hold  a  couniderabfc 

if  aiithnLcene  in  sohition.       Heavy   coal  niL\\Vil\A  at 

rcttufktiile  fot  its  auitscpttc  qualities,  and  u  cm^\Q;ic{^ 
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The  pressure,  vhich  is  not  usiin]!;  allowed  to  exceed  tlutoTJ 
coluinii  of  water  two  ortbrcc  inches  in  btngfat,  drives tbc  gw  klo 
tlic  pipes  or  mam,  o  o,  bf  nliicb   it  ia  distributed  to  the  Taria 
consumera. 

In  tlio  forr^in^  procc<is  one  of  the  ]»iiita  of  greatest  jo 
tance  u  the  Hue  re^tilntion  o(  the  temperature  during  the  distil 
tion.     The  rctorte  ehoutd  be  heated  to  a  bright  chcrry-rcd. 
they  be  iasutlicieiitljr  heated,  the  products  contain  n  large  qn^ 
tity  of  the  vapours  of  eonilenMihlc  hvdrocarhona,  which  eollcctj 
the  gasometers  and  the  distributiii<;  pipes,  and  occiltMon  naiieb 
and  inconrcnieiicc :  whilst  if  the  tcmpcratnrc  be  too  hijfh, 
tlie  pa*  after  it»  production  be  allowed   to  remain  long  in  coiit 
with  the  highly  heated  surfecc  of  the  retort,  it  wiidcrgoe* 
decompoMtion ;  a  portion  of  it!(  carlKin  is  dejuBited  and 
dense  layer  upou  the   iiilcrior  of  the  relort,  which  it  grads 
chokes  up,  and  at  the  same  time  the  illuminatitig  power  of ' 
13  proiwrtionately  diminished  by  tlie  loss  of  thi»  carlmo. 

In  addition  to  this  inconvenience,  binulphide  of  carbon  t*i 
to  be  formed  in  small  quantity  if  the  distillatiou  )>c  eonduc 
too  high  n  temperature,  niid  no  economical  means  are  as  yet  ki 
by  which  this  body  c-an  lie  removed.  When  gas  which  contains  I 
impurity  ia  linmed,  it  fivc»  ri»c  to  the  production  of  a  mi 
quantity  of  sulphuric  acid,  which  gradually  &cciiintdate« 
furniture  of  the  bnililing,  on  the  bindings  of  txioks,  fi:c, 
tlowly  corrode*  and  otherwise  ii:ijiipe»  them. 

{1356)  Compounds  present  in  Coal-tar. — Coal-tar  varies  tn  1 
sity  from  i']20  to  ri^o ;  the  lightest  tar  eonuining  the  la 
pro|Kirtiou  of  liquid  oil«.      Of  the  suWtanoes  contmuecl  in 
some  arc  basic,  and  some  acid,  but  the  principal  portion  cone 
neulral  or  indifferent  bodies. 

The  bases  include  ammonia,  aniline,  picoline,  quinolinc, 
pyridine  (i  18^  ei  veq.).      Among  the  aeida,  the  acetic  is  prt:t«ul 
Kointl  nniomit,  bat  iho  most  impi^rtant  is  phcuic  acid,  the  carl] 
acid  of  Kungc.      This  chcniiHt   nUo  mentions  two  other 
termed  roaolic  and   bruuolic  acids^   which  reijuire  furttter  r 
nation. 

The  ncutrai  eubstancea  contain  several  hydrocarbons,  inc 
itig  hcuKol,  tohiol,  cumol,  and  cymol,  which  are  among  the  tiqn 
constituents  ;  whilst  naphthalin,  anthracene,  chrysene,  and  pyr 
arc  among  those  which  are  solid  at  ordinary  lemperatiires. 

The  distillgitioii  of  coat-tar  is  conducted  on  an  extcoBive 
as  a  separate  branch  of  trade.     The  operation  is  perfonued 
lorgc  iron  retorts  Dpoa  quantities  of  several  huuilred  gaUoos  at  1 
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itnc.     The  first  portions  that  are  volatilized  consist  .cbicfly  of 
iinouiu  accompfinicd  by  some  permanent  gases  which  linvc  been 
tissolved  by  tlie  llciuiil  liydrocarboiut.      Aa  the  tcinjierntufe  rises, 
''ater  charged  nith  various  amraoniiical  salts  comes  over,  and  a 
ctid  bromi  oil  gradually  collects  upOQ  tiic  surface  of  the  water  m 
le  receiver.     As  tlic  distillatioii  procccd-t,  water  ceanei*  to  como 
gr,  and  tlie  quantity  of  this  oil  iiicrt'a*e«,  ila  dcuwty  continuing 
augment  until  its  tpccilic  grarily  exceeds  that  of  water.     The 
ight  oil  ainounttt  geuemlty   to   from  5  to  10  per  e«nt.  of  tlie  tnr. 
diBtilUt£  may  bo  freed  from  comimuiidB  which  rapidly  absorb 
Kjgen  and  cause  the  distilled  oil  to  liecome  brown  ou  keeping, 
atg;itatiun  ivitti  a  «ni:i11   pro])Oi'ti(>ii  of  oil  of  vitriol,  by  wblch 
these  ostdiiabic  products  ai'e  converted  into  a  termcinua  tarr^'  mass 
lender  than  the  rest  of  the  oil,  iti  whicli  it  is  no  longer  soluble, 
ic   [HirificU  unpernatunl  oil  wlicn  nt^iii  rtctilied  constitutes  coal 
'itha.     By  contiiiuiu>;  the  distillation  of  the  coal>tar,  a  ycllov 
iry  fcetid  oil,  technically  knowu  as  dead  oil,  is  obtained,  the 
wnotmt  of  which  scMom  exceeds  30   per  cent,  of  the  quantity  of 
employed.     In  the  latter  stagein  of  the  operation,  naphthalia 
almtidaut  iu  the  distillati?,  and  the  oil  becomes  semi*sutid  as  it 
)U.     Tlic  black  residue  iu  the  retort  eolidilics  ou  cooling,  and 
lbrm<t  pitch,  which  is  employed  in  the  preparation  of  asphalt,  and 
a   eolouring   iugredient  iu  the  prodnctiou  of  a  coarBe  bliick 
rni>h,  »sed  for  protecting  iroti-work  from  ruat.     If  it  be  desired 
earr^  the  di«tillation  further,  a    much   higher   tempcriilurc  is 
egtiiretl,  when  the  pitch  in  its  turn  umlergnea  deeompositiuif,  and 
fields  a  product  which,  when  cool,  \\b»  the  cotioibteucc  of  butter; 
couai»t«    chiffly    of  anthracene.        At  a  still    more    advanced 
of  the  process,  the  distiUato  acquires  a  yellow  colour,  and 
imes  the  ap^jcarance  of  a  re^u  ;  and  as  the  temperature  of  the 
art  Approaches  a  red  heat  the  vapours  produced  become  con- 
in  tlie  form  of  a  bright  orange-col onred  powder  which  1% 
from  oduur,  and  when  pressed,  aKglntiiiates  into  a  viscous 
This  substance  consists  chiefly  of  the  chryscnc  and  pyrcne 
Laurent.     The  residue  in  the  retort  after  it  ha»  ceased  to  give 
|<]lf  volatile  matters,  form»  a  hard  porous  coke  which  is  diOicult  of 
I  combustion. 

The  heavy  coal-oil,  or  dead  oil,  is  seldom  submitted  io  f\irtlicr 
I parificfttioD.     It  contains  phenic  (carbolic)  acid,  aniline,  quiuoliue, 
a  variety  of  other  bodies,  cousiating  chiefly  of  hydrocarbons, 
■hich  boit  bctivcvn  3^0*^  and  ^70°,  and  which  hold  a  coii^idcrablo 
[qtiAiitity  of  antlira(v>ne  in  solution.        Heavy  coal    naphtha  or 
oil  is  rvDUtrkuble  for  its  autiseptic  qualities,  aud  is  employed 


S3S 


irroBotiAMBOKS  rsoM  coai^tjib. 


tW  fnmtmtioa  of  timber  for  tmUwajr  sleeper^ 
ft  fad  in  commou   Umpa,  but  it  i»< 
iBto  l»aipbbdt. 
%ht   BAflttltft  obtained    in   the   ror^cnug 
I  to  RcCifiatitin,  by  which  it  ia  iieparated  into 
■ad  «B  a^ttioaal  quaatily  of  tlit;  hearj 
>tke  rectified  portion  vith  oil  of  vitriol,  «t 
tbI  Gotimr,  and  rcmorea  ■  Itrgo  portioa 

to    the    crude    JUtillalc  its  ol 
■tirfine  s«p«ratcs  iatn  tiro  laven, 
ite  poxified  naphthB.     Wbcu   thi»  IJiiaidj 
■■ttet  to  daKBaliDV,  the  oil  which  comes  over  is 
^tol^  aaA  doea    noi    bcconoc    coloured    \w  ex[ 
Onl  aaiAAa  thna  panfied  awl  aohl  aa  '  highly 
ftk  atooifie  gnncy  boai  abont  o'S<o  to  0-900.     H 
«f  oOh  vhidi  boil  bek>w  392",  and  may  be  1 
ydirtalhrtno 

(Q.  J.  CtCM.  Soc..  i.  253)  has  made 
I  of  ^e  aDBctitvents  of  Ibis  naphtha.      1 
Ite  cnde  light  oil,  before  it   had 
■C  freed  it  from  basic  ai 
ik   wmutMiMuMtlj  with   dilute  sulpbnnc 

be  sabnitted  it  to  a  systematic 
He  thus  fonnd  that  at 
br  (cpmtted  from  ligtit  ooal  naphtb 
•I.  Ab  «•!  of  a  pceuhar  alliaccotu  odour, 

t»  betveea   140*^  aud  138**  F. ;  Uiis  oi 
.  ^ialit_i,  and  bu  not  been  perfectly  cxatnJiK 
>  a  Mxtnv  oC  alcohol  ladidca.     3.  Au 
1^^*.  ni  aMiiig  olhtami,  C^H^     3.  An  oil  which 

InMtilk  ftSS*  aad  193°,  pnaentiiiB  the  cluiract«n  < 
Aad  5.  Aa  oQ  vhicb  powewLs  the  odour  and 
C»U^  hait)i«  at  frw  33S*  to  342^ 

in  tUacpoffliMW  of  coal  naphtha  vl 


(»3sr) 


XjW^ 


^fdrwarftoM  /row    CooJ 
c^vol  bdoog  to  the  aamc 
IW  brdroearboa  iutrrmcdiate  between  loH 
\j  Caboon  amo&e  Ibc  prodacta  of 


U  wmiX  te  ew«.  in  .  -.  witli  Oinw  h^ 

ftna  *  la!ki^  st  «^idb  1^  v.:.^-  ^»i'-a-  «■  ^'c 
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mirniciple  as  thnt  givcii  at  pp.  34  nni!  33.  The  eora- 
[>f  tlic  various  series  uf  which  it  njinists,  viiib  the  excep- 
Jm  dcnvativcs  of  benzol,  have  heea,  however,  ool;  iacom- 
Ncunincd . — 

H-'riffioifima  Oerioaiive*  <^  Coal- tar  Hydrocarbom. 


HUia^eafDiiW. 

Diailro.tanp'iL 

x«ia. 

u»w«»a. 

DuUrqJmwL 

PbiileBHJ, 

o«a»,a 

<^A.«o. 

ao,o„ii^o 

DCattrauhML. 

TulujUa. 
C,.H„B,H 

H0.C,.D„O 

Xitra-Qtol. 

H0.C,.H„O 

min-OKHL 

JL. 

Dsn  1 1  FBDnEn  m< 

Cmnlu'Iln. 

CJIu-KO," 

C..U,o(XO.i, 

C„H,„H,N 

hfdrocarboas  enmncratwi  in  the  first  column  of  the  fore- 

tie  are  su(j|)09cd  to  be  hydriilcs   of  particular   radicles. 

=«!  ratliclc*,  via-,  J>htnyl  (C,jH(J,  loluyl  (C,^H.),  xy/y/ 

."«yV  (^iB'Jii)t  '"^^  cj/miat/l  {C,(,H,j),  have  not  hitherto 

jla.tcd.      llicir  oiidcs,   which  would    correspond    to    the 

etber*,   «rc  hIw   tinknuwii ;  componiHln,  however,    huvv 

I,  which  ap;>oar  to  contaio  oxt«lcof  phenyl  in  combina* 

ocids  ;  such,  for  example,  a-i  the  followiiig  : — 


c„n,o.c„H„o, 


Laurent  aiitl  Grrhudt. 

WiUiamaon  and  Sarug* 
ham. 


u  a  compouud  of  cousidcrabic  intcrcftt  and  itnportanc& 

to    a  group  known  aa  the  phunic  wries.      We  KhatI, 

criho  its  properties,  and  ibat  of  sonic  of  its  dcriva* 

:iig    carholio  nctd,    luid   shall    aftemards  proceed  to 

bricrtljr    aantu  of  (lie  otiier  hydrocarboiis,   arooug  wUvcV 

I  is  thv  aifft  Tvaiaikablc. 
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t.  Bens<A. — Phenie  Series, 

(135S)  Besiol;  Bcn^in^  or  Pkene  (C,,Hj)  ; 
0-85  at  60° ;  of  vapour  277. — TUia  is  a  tctj  tiiii[ 
liquid,  of  a  peculiar  and  rallier  agreeable  odoor.  Ui 
cold  of  32**,  it  solidifies  ia  transparcut  crystal*,  gTYtup 
leaves,  or  fa  ma«8cs  resembling  camphor,  trhicEi  melt  tl 
boila  at  1 77^,  and  emits  a  Iiigblv  iutlammitlile  vapour,  wU 
with  a  white  »niok,y  flame,  dc[KksitlDg  larj;c  4]unnt>ticso|l 
If  itit  vapour  be  tmii»n)itted  through  red-hoc  tubck  it  il 
poeed,  and  a  large  quautity  of  carbon  ia  dcpnoited.  1 
aoluhle  in  water,  but  is  firoclr  soluble  in  alcohol,  etlicr,  4 
pcotinc,  »ood  spirit,  and  acetone.  When  hot  it  dissolt« 
phaspttorus,  and  iodine,  and  deposits  the  greaLcr  portioooi 
It  il  uImi  nn  escelleitt  solvent  for  caout<'liouc  and  pitti 
and  oa  evaporation  it  Icftvis  them  vi:h  their  i^ccultar  (ibfi 
racters  tinaltercd.  Benzol  alvo  dissolves  vat,  camphor,  1 
bodies  vitli  fticility.  Its  solvent  power  for  fats  an 
to  be  used  vith  advautagc  for  removing  grease  8Lu^.^^.~ 
of  silk  or  voollen.  Bcneol  does  not  dicfolve  oopal  orn 
facility,  but  if  these  bodies  be  eijioMd  to  its  rapour  at  a  1 
P«rature  they  are  gradually  dissolved  by  it 

Benzol  was  originally  nbtnined  by  Faraday  fnm  tl 
produced  by  the  compreHiou  of  oil  gas,  and  was  najDcd  I 
of  htfdn/i/eK.  S  iil»e(]uei)tly  tlic  lit^uid  procured  bv  MK 
from  the  distillation  of  benioic  acid  irith  an  eiceBaof  lint 
termed  beitzine,  vtos  found  to  ytdd  the  same  body ;  HO 
+  3CaO  =  2CaO,C,0,  +  CuH,:  and  recently,  MtuikGeU 
tained  it  in  large  quantity  fraoj  the  tnoro  volatile  pnrtioB 
naphtha.*  It  may  aloo  be  obtained,  raixeil  witb  other  j 
by  Mveral  other  prooes»eD,  vuch  as  the  distillntion  of  plitl 
vitb  lime,  aud  the  dry  dixtiUatioa  of  qutnio  add.  fia 
easily  lie  procured  in  email  quntititirs  Ijy  rxpo«iDg  4  oij 
one  {>art  of  benzoic  acid  with  three  pnru  uf  ipiicklirue,  to 
rate  heat  gradually  applied  ;  tlio  distillate  ibonki  bn  afili 
a  neak  solution  of  potash,  and  the  bcntol  whi*-:h  ri>- 
be  dried  by  digestion  iipt™  chbrtdc  of  culciuni  :  -' 
be  obtained  pure  by  rodlBlillalioQ.  Buitzoic  .- 
tliin)  of  its  vcighl  of  bcnzol.f    ^\'lleD  bcntol  is  rcqiaH 

*  Clinrch  foand  in  Itebt  t««l  Baphthn  a  hrdrcMarbaa  Ikmimw  i 
(rhWihelenw.r-   -'        '      -'    /    -  . 

t  Ifbi'iuottti 
H  yield!  a  red 


iiTniuicxuioMa  nouoiooocs  virn  bkssou 


635 


itit;,  \iA  thmpCAt  sourcfl  is  coal  naplitha,  nltliougli 

lie  it*  purificatiou  is  tedioos.      JCsnsGetd,  after  puri> 

repcateil  rcclifienCKJiis,  mkci  adrontogo  of  its  povcr  of 

[nt  32'',  in  nrdrr  U)  free  it  fruin  Uie  hjrdiocartxiua  wliitih 

it>  nqd  whicli  reni^n  liquid  at  that  temperature.      Bjr 

fill  this  <n-ay  upou  tvro  gallons  of  naptitlia,  11  ptut  of  pure 

P  procured . 
Ht/drocnrhon*    homchffotu    with     Benzol. — Toluol,    ot 
M  one  of  tlie  pro<1uct«  of  the  di*tilUtioii  of  bitl>fani  of 
it  apjiears  to  be  identical  with  the  retinaphtha  obtained 
cr    and  Walter,  from   tlie  dUtillacioa  of  roaia  {1-191), 
fbnud  hj  Caliours,  mixc-^l  witli  toluol,  Ciimol,  nud  cymol, 
oils  wliicli  are  separated  from  crude  wood  spirit  by  the 
water.     Cnmoi  may  also  be  obtained  b;  the  distillation 
acid  witli  an  excess  of  (juicklimc  :  it  appears  to  lie  idcn- 
tlie  Tftint/I  of  Pelletier  and  Walter.     Cijmol  is  present 
of  nimin,  aud  it  may  also  be  obtained  by  dtatilliojf 
rith  anhydrous  phosphoric  acid,  or  with  chloride  of  rinc. 
Irocarboiis  are  not,  bowever,  of  Buffidont  importance  to 
ti-ogtUcncd  descriptioD  iu  this  work.     In  the  fulluviQ^ 
boiliug  points  aud  densities  arc  compared  with  thoso  of 


B^BWflnnft- 


Urtiaol  . 

Totaol  , 

Xylni    . 

I  (Junxil  > 


rctauk. 


c"h' 


Sptoillc  OrftTtif. 


pnnt 


Ui^wil. 


'77 


o-8^ 
0-87 


o-8(t 


V.poM. 


377 
336 


3-96 

4*59 


fib)    Other    Cotnpdundt   of    lintzrjl, — Uniieol    yields    direct 
with    chlorine  and   bromine,  C,jIljCIj  and  C,,H.Br., 
hcA  \o  the  eon's  ltg:ht  iu  contact  with  these  halogens. 
Itance^  preacnt  a  certain  analogy  with  Uutch  liijuid,  and 

-  ''    '-~"mtvr«  TiBM to  599°aeom[ioiudtefiBe4&raMwoN 
I  |>UM'ii  aver;  tbi*  iubiUnoo  on  cooli&g  •oUd)*f 
w\    -I  J-.-    f. >li>w  «r;8iaU,  irLirh  tnar  be  purified  l>y  nvrys- ' 
etiicr.    ^Vhea  [mre  it  fornu  bcautifui  colonrlcw  rrjoinlii, 
I  oblique  lyBlom.    It  mdti  at  iii;-.  and  botb  aC599'^ ;  it  hna 
^xt**^  odour.     B«DXO■uh»fi<>al^  toar  b«  ro;^rdcd  h  a  ccmbi- 
f\  irlth  plMiiyi ;  or  na  Wnxol.  in  nriioh  tk4>  plat«  of  an  rquiv-a> 
kbaa  t««>  ^applied  by  ihalof  iiiMiuivnlent of  licMojl.  Wtji-Q 
,  _.iktun  of  liy>irat«  of  potaili  and  liroo,  it  ia  doooi»i>oio(l  into 
nniroatr  of  )K>ta*h  :— 
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wbcn  decomposed  br  an  nlcoliollc  solution  of  }>otati1i,  ftdJ'M 
jiountU  frhich  contAiQ  C,,Tij,CIg  aiid  C|.^HjBrj.  fl 

Sii1|>htiric  »cid  forms  a  compound  acid  with  bcuzol,  tern 
hypoaniphohenxidic  or  sulfthobtniotic  acid  (HO,C|3U-,SjOj  :  j 
funiUhcs  readily  crjatallizable  salts.  If  benxol  be  treated  ■ 
Bulphiirie  nitliydridc  a.  ri$cid  iua«s  is  proihion),  wbich  mqri 
dissolved  ill  a  »raall  quantity  of  water,  but  on  the  addition  il 
coiistderablp  amount  of  water,  aul|>hol>eiutolic  aeid  remains  ia  ■ 
liquid,  athI  a  sparius^ly  soluble  crystalline  boclr  ii  sepuratol.  I 
crystalliiio  body  in  termed  sulft/iobeMsiHc  (CijHjSOj)  ;  it  majj 
purified  by  cryntullixntioii  from  ether:  it  is  fuKiblc  at  3tt^,« 
may  lio  distilled  unidtcrcd  at  a  much  bigbcr  tiMnp<>rad 
Hofmann  and  Biickton  Iiavc  lately  obtnin«l  a  sulpho-acid  win 
larger  pro^tortion  of  sulpbiiric  ucid,  termed  di^mfpho&r-nsoHc  J 
(lIIO,CjjII^S,0'jg;  p.  310),  by  heftting  benioaitrile  with  fuJ 
aulpbiiric  acid.  I 

(1361)  Nitrohcnzol  or  nUrobenside  (C,jHjNOJ,  Sp.  grM 
iiquid  viQf);  0/ i'«/Jour  4'4 ;  FuMng  pt.  37°;  BoUinff  pt.  ^jA 
Beiiiol  is  remarkable  for  the  &cility  with  which  it  yields  substa 
tioa  compound*  with  pcrosidc  of  nitrogen.  If  bcnz<)l  be  au 
ill  wmjill  jKjrtiuiiH  at  u  time,  to  wnrrti  fuming  nitric  tw^id,  it  is  ■ 
MilvL-d,  Hud  tm  cuoliiig,  or  on  being  diluted,  w  separated  to  A 
form  of  a  yellow  oil,  which  may  be  purified  by  woshiog,  flrat  ■ 
wat«r,  itiid  t}icti  with  u  wmk  solution  of  carbonate  of  soda.       I 

NitrubQuiul  is  a  yellowish  oil,  wbich  may  be  distilled  I 
altered;  it  crystallizes  in  needica  whea  exposed  to  a  tempenfl 
of  3"^.  It  hii«  »  vory  sweet  tnste,  and  an  odour  resembling  fl 
of  bitter  almonds,  which  has  led  to  its  uite  in  perfumery  under  J 
uame  of  Essence  of  Mirbane^  ^NilrobcitEol  is  soluble  in  alcJ 
and  in  ether,  in  idl  proportions.  If  ita  alcoholic  solution  be  M 
rated  with  ammonin,  and  then  with  sulphuretted  hydrt^cn,  «uIh 
is  deporiiled,  and  nniline  is  formed  ;  aniline  is  also  obtained  fl 
it  still  more  readily  by  adding  nitrobenzol  to  a  mixture  ofca 
parts  of  alcohol  and  bydroctdonc  acid,  and  introducing  fmgtaj 
of  zinc,  or  by  the  process  of  B&:harop,  with  protacctate  of  I 
(p.  446).  The  Biicccwire  formation  of  iiitrobciiwl  and  of  ann 
may  be  employed  t»  a  to«t  for  the  prcMmcc  of  bctixol  in  oib  d 
few  drop«  of  tlie  suspucted  liquid  ara  to  be  bealeil  genUy  ■ 
fuming  nitric  acid  iu  a  test  tulie,  and  largely  diluttid  nitb  wd 
when  oily  droj>«  of  nitrobcuxol  arc  separated ;  if  the  htiuiiH 
agitated  with  ether,  the  nitrolicnzol  is  diti!iolTed,and  may  be  decra 
into  a  fre^h  tube;  to  this  a  mixture  of  equal  ports  of  alooliol  a 
hydrochloric  acid  arc  aAlcA,  anid^  &  &w  fragmenla  of  graaulat 


dkbivativbs  or  mithobcnzol. 


esr 


nc.     Tlic  nitralwnzol  vil]  tbus  be  reduced  to  aniline,  which  may 

libcpfltwJ  bv  the  addition  of  potusb  iu  excess  :  it  must  be  again 

ttateil  wiih  ether  to  dissolre  the  aaillDr,  and  if  this  ctbcreal  aolu- 

be  miiwl  with  a  »ohition  of  chloride  of  lime,  the  violet  tint 

temtic  of  auiline  will  be  duvclcipctl. 

Dinitrobensol  [C|jU,(NO^J. — If  benaol  be  boiled  with  fuining 

itrio  arid, or  if  it  be  allowed  to  fall,  drop  by  drop,  into  a  mixttirc 

oil  of  vitriol  and  uitric  acid  so  toug  as  the  liquids  mix,  dinitro- 

iiKoI  is  formed  ;  the  liquid  must  be  boiled  for  a  few  miuutea, 

I,  on  cooling,  the  diTiitrobeiiEot  is  depoMtcd  in  the   form  of  a 

stalline    tua^ma.      It    must    be    washed  with  water,  and  re- 

stallizcd  from  alcohol:  it  melts  at  a  temperature  below  112'. 

uitrolteiitol  represents  heiuul  in  »rbi(rh   two  cquivnicnts  of  por- 

sxide   of  mtrogen  have  taken  the  place  of  two  equivalents  of 

vdro^o.     If  its  alcoholic  »olutioii  be  treated  with  hydrosulphatc 

<f  ainmouia,  a  nitntnilinc  (page  451)  is  produced. 

When  dinitnihcnzul  is  dissolved  in  alcohol,  and  trcnted 
.utiousi;  with  bjiirochloric  acid,  after  introducing  a  plate  of 
pare  zinc,  no  gas  is  given  off,  but  a  crimson  soltitiun  is  formed. 
>n  supersaturating  with  an  alkali,  and  treating  with  alcohol,  a 
intiful  orauge-red  substance,  termed  nitroeophettylin  (C,,HgNjOj)f 
obtained.  It  is  casilv  soluble  in  neids  and  in  alcohol,  but 
irly  insoluble  in  water  and  in  benzol.  Compounds  homolo- 
>u»  with  dtuitrobenzol  yield  by  similar  treatment  bodit^  currt:> 
•ponding  with  nitrosopheuylin. 

(1363)  Derivalivra   <(f   Silroliensol  obtained  hy   reduelion. — 

ittmbenzol  experiences  a  reduction  of  a   different  kind  if  it 

treated   with    an  alcoholic   solution   of  potanh  ;    asoxihenzidt 

J(C,|H^NO)  is  then  formed,  and  may  l)c  obtained   hv  dtxtilling  the 

[liqnid  until  it  separates  into  two  layers;  the  upper  uily  one,  when 

Imuhcd  with  water,  yields  brown  needles  of  aKoxibennidc  ;   they 

[nay  lie  puriBcd  by  dissolviug  then)  in  itloohol,  mid  traiixmitting  a 

[eiUTCUt  of  chlorine  (to   destroy  the    colouring  mutter),  and    re- 

loiystalliziag.     The  crystals  thus  obtained  arc  of  a  tulphur  yellow 

[colour,  and  often  exceed  an  inch  in  length.      It  is  funible  at  9^^. 

When  duitillcd  it  yield*  aniline,  and  a  new  body  termed  Hzubonzol. 

Azobtnroi,  or^lruie-niitfc  [(C„H(N)j,  Fmin^pt.  mf  ;  BoU'mg 

l*f.  380^   nuy  also  tie  proeured  by  distilling  nitrobeniot  with  an 

alcoholic  eotulion  ol  potash ;  towards  the  cud  of  the  distillation, 

kit  pa»ea  orer  in  the  form  of  a  red   oil,  which  solidifies  in  large 

rcrntats :  it  may  be  purified  by  re-erystallimtion  front  ether,  and 

may  l>e  obtained  ID  the  form  of  orange-coloured  plates,  which  are 

freely  soluble  in  alcohol,  but  scarcely  so  iu  vatei.     \^\a  t^NKvTw^ 

3  V  XJ 


oi 


17  miiuu  uin: — u  iiwmiiuwji  iw  uen 

it  yields  two  siilutitution  coin)>ouQils  [C 
C„Hh(N0,)3NJ— the  Itttier,  when  n-diiced  hy 
aminoDla,  yicltls  &Qotlicr  base,  termed  dijthaa 
jeliov  colour  ;  ic  is  soluble  iu  etber : — 

Iliidtra-iwabciHoL  Dijihiola*. 

i\i^^  Pbbnic,  or  Carboiic  Jcid :  HyitroU 
(CuHp,=  nO,C„HjO) :  Sp.  ffr.  ofii<i»i4  106, 
95*  J    Boitinjf   pi.  ^ft*f. — ^Thia  suliKtunce   i» 
tcid  product  of  tbe  dietillation  of  pit-cokL 
by  the  distilUtion  of  ttic  salicylate  of  tlic  alkalii 
(1267).      It  lA  likewise  found  aiuntigxt  the  pru 
latiou  of  i^uru  benzoin,  and  of  tbe  rcMin   of 
httfiilu.     Sta^lclcr  has  found  pbcnic  tcid  in  tbi 
and  of  tu>m«  oilier  aiiiniaJs. 

Laiircut  obtnius  phonic  acid  from  tbe  oil  ( 
It-ctitig  sqtaratcly  tliosc  portions  which  \xn\  at 
400°,  aud  mixing  wild  Ibis  oil  n  bot  ratumtod  i 
of  potash,  adding  a  quantity  of  the  powdered  1 
aci>aratioii  of  u  white  ciratallinc  salntaace  11 
The  liquid  porlioa  mast  1>c  decanted,  aud  Oic  < 
dissolved  iu  a  small  quantity  of  water.  W, 
iBCjiarates  into  two  layers,  the  denser 


^ 
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of  ft  miiuite  trace  of  moUtnrc  Is  sufficient  to  cnu«e 

tion  of  thi'  crystals,     Plicuic  acid   is  very  siiariaglv 

ID  vnccrr,  litit  i»  dissolved  by  nlcohol,  etber,  aud  coiiccn- 

ittic  acid  to  all  proporlioitit.      It  lias  n  burning  taste,  and  na 

ktnokc,  rcMrmlding  that  of  kreasote.      It»  vajHJtir  strongly 

lie  Kltin  of  the  lipfi,  and  of  the  gums.     Plieiitc  acid  pos- 

;»tic  properties   xSmilar   to  tbosc  of  kreasotc :  indeed, 

eommcroial  Icreasote   con*i»ta   wlely  of  plienic   iu:(d. 

ktions    do  Dot  reddcu   litmun  paper :  a  drop  of  it  let  fall 

urodiicw  k  tniii-Mcnt  gr«i^  stain.      If  a  eplintcr  of 

il  into  a  aoliiciAo  of  plienie  acid^  and  then  into  mtnc 

itoric  acid,  the  vood  as  it  dries  becomes  blue. 

lie   acid,  vlivn  lieatod  viih   ammonia  in  a  scaled  tube, 

pftrtially   coaverled  intu    waK^r  and  aniline.      The    Acid 

with    potiub,   and  fonns  with  it  a  crystalliue   com- 
tliuugb  it  may  be  distilled,  unchangnl,  from  hydrate  of 
,  and  from  quickltmo  or  c;iiiiitic  baryta  iti  exct'xs.      Plnrnatcit 
base*  may  be   obtained,  but  they  arc  easily  dccom- 

Homaioguea  of  Phenic  Acid. — Plicnic  acid  i«  accompa- 
il  tar   by  other  homologous  Iwdies  which  greatly  re. 
By  snbjreHrig  counncroial  coal  tiir  Xrcasote  to  frac- 
IdixttUAtioii,  WiUikniMin  ubtaificd   a  l!i|tiid  wbich    IioiIb  at 
which   is  nearly  insoluble  in   nolution   of  ammonia, 
m  it  //ijiirate  of  oxide  of  emtjl  (HO,C,,HjO) ;  or 
-      ncd  lereaylic  add.      It  u  soluble  in  oil  of  vitriol, 
a  violet  colour,  and  fonniog  a  compound  acid.     Thix 
t»  metameric  with  anifol  (12^77)  and  with  bciixoic  alcohol 
d  M-oiild  be  the  phciiic  nerd  of  the  toluic  scries.     "When 
IvHh  fuming  nitric  aoid,  it  is  oxidixed  with  almost  expla- 
ncc,    and    a    trinilrokresyUc    add   (HO,C„H^(N0j,0), 
IS  with  carbtizotic  acid,  is  produced. 
bc«n  suRgej.t«l  that  tJie    kreaswte  of  wood   tar  [1351) 
1         "lie  (H0,C(,II,O),  iu  which  cil^p  it  would    be 
»■         '     le  xylylic  scries;  but  the  difficulty  of  purifying 
rmdera  it*  cxnot  composition  a  matter  of  unccrlaiiity. 

Bthfyi  of  Phrnie  Add. — Phcnie  arid    may  be  caused 

into  combiDBtioii  nitli'  the  oiiides  of  tbc  alcohol  radicles 

occc  of  double  d«com[)o«ition,  whi<di  condxts  iu  divtilling 

\  ■'    '     ■,   9ulphothylat«,  or  sulphaniylale  of  potash 

,    i:ish.     These  ethers  may  likewise  be  procorodj 

•  [ihfiiate  of  jntjisb  with  the  iodides  of  methyl,  ol  et^ 

eAv/Juv  a/10  produced  by  the  distillation  of  iW 


660      r&oocim  or  tob  otoaxPociTioM  or  ybbxic 


snlicyliR  ethora  vrttb  ciutst'ie  barjrta,  tlie   prepantwB 
the  latter  prooe&s  tuiug  represented  by  tlie  equation  > 

fc,H,O.C„H»(\+  3  B»0  =  J  BsO.C.O^+OHiociiHi? 

Anisic  xcid,  which  is  metameric  with  aalicj'lAte  of  va/A 
j'iclda  plicnate  of  methyl,  wliicli  is  identical  with  ulih). 

Tlie  ethers  of  pheoic  acid  may  thus  be  oootxMtcd  wttbl 
itaelf:— 


Fhenlo  or  nirliolia  acid     .    . 
Fhnuts  ofmethjl,  or  Kni»cl 
Fheiute  or«tliyl.  or  pbenetol 
Fhenaie  of  omjrl,  pbcnuajlol 


»l 


H  O.C,,H^O 
C,  H,f>.C„H.(l 
C,  If.  O.CuH.O 
C^HuO.C„H,0 


4if 


Eacli  of  these  ethers^  whea  Lreal«4l  witli  DiUic  ■(" 
eubfttitution  compounds  an.ito<^ous  to  tboM  fumislied  I 
(1177),  ^"''  wlip"  Mibmitti'd  t<)  thfi  action  of  hrdma^ 
smmonia,  bues  are  ol>t«itiod  aniJogous  to  aaisiditic,  vi 
and  dinitrantaidinc. 

(1366)  Products  qf  Ihr  Dectrmposition  t^f  Pkemc  Aeidf 
pheoic  acid  is  distilled  with  pvrchloridv  of  phaspbora^ 
chloride  of  phenyl  (CjjHjCl),  which  in  n  coIourle«a  moUt 
with   a   fragrant   smell,  resembling   that  of  bitter 
bcHls  at  277°.     At  the  eamc  time  pfu>$phate  t^f  pfienifl  it 
it  nia^  be  obtiiiiied    at   a  low   t«tn{)eruturc   iit   beantifiil 
When  melted,  it  is  slightly  yellow,  and  lias  a   fli 
perty.     If  tcrchloridc  of  phosphorus  be  sobstitnted 
chloride,  chloride  of  phenyl  aiicl  pbo«plut(^  of  pbcti}! 
uud  the  latter,  when  diMtilIed,yicld» benzol  araongal 
(WilliaroMn).     Benzol,  it  will  be  remarked,  ooatoina 
lentM  of  oxygen  )cba  thno  pheuic  acid  ;  the  photp'' 
this  case  dcoxidiics  the  pheiiic  acid,  and  bocDine* 
plioepboric  acid. 

^euic  aciil  »ivea  nse  hy  tiiibeiitutioii   to   nit  an 
of  acid  oonijwiiiul*,  formed  upon  tlic  type  of  phrnic 
kuch  for  a^aniple  as  the  following  : — 

Plicnip,  or carUolif  add I' 

DtcbIoKi|i)iniui,  or  phtnTophpnritTf  do. ,    ,  •  ■ 

T>ieJiIflPo()ti*io<i,  ore'-.  Ii. .     ,  i' 

PenUolikmpbpiiip.  ••:  ^  do.  1 

BrouopliCDic.  or  1 
DUinpatopkcnic . 
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e,  or  nitropbenuio  toid  .    . 

QIC,  or  iii'.rupbiniena  do. ,    . 

iDw.  ur  DitroplietuftiD  do. 

kilnpl»«ik  do 

BilKipl»cn:<-  do H0.C|iHXrNO«KO 

jtropliBdic  .10. II0.CttU^r(NO,)pO. 


HO.C„H,iNO,),.0 
HO.C„HjNOJ..O 

iro.c„n;ci,(NO.).o 


•cida  arc  monobasic,  and  form  defiaite  aalUj  many 
Italliie  verj*  beantifully. 
ire  of  cIUoRitc  of  poUsh  and  hjdrticbloric  acid  con- 
ic  acid  into  trichloroplieuic  acid  (IIO,C,jHjClsO),  and 
ing  the  action,  chlorftnilc  (C,,CI,0J  is  produced. 
ritriol  diswlrcs  plicnic  acid,  without  cimiigc  of  colour, 
m  a  OOD)  pound  niooobasic  outd,  teMued  sufphophetuc  acid 
0,S,Og) ;  it  forms  with  baryta  a  soluble  salt,  which 
in  ttifca  of  needles. 

nc  acid  be  allowetl  to  &11,  drop  by  drop,  iuto  fuming 
it  IS  attacked  with  great  violcuce ;  each  drop  producce 
litcti  that  nhich  accompanies  the  f]uenching  of  a  hot 
upou  boiling  the  niiiture,  curbtuoUc  (trinilrvp/mic) 
[NOJ,0]  acid  is  obtained.  If  tho  acid  bo  more 
keHtc  acid  [I10,C,,H,(NOjO]  or  dinitrophenic  acid 
lOJgOJ  is  produced.  Both  of  tht^cucids  may  readily 
crystals  :  most  of  their  salts  crvatatlize  with  facilityj 
ible  the  carbasotatcs. 

LRBAiortc,    triniirophenic,    nUro^phenisic,    or    picric 

,H,(NOjp).— This  is    a    frequent   prodnct  of  the 

acid  upon  comples  orgiuiic  isubBtaaces.     Pbcnic 

coufnarin,   phloridziii,  sitk,  iiidigo,  and   a   variety  of 

then  treated  with  fuming  nitric  acid.     The  oil  of 

tils  OTcr  at  n  tcropcraturu  between  300°  and  400°,  is 

raw  m&tcrials  from  which  this  acid  can  lie  procured, 

(the  Xaa/horrkaa  hastiJis  in  also  a  convenient  sinnroR 
lacid.     lu  the  latter  case  the  resin  should  be  puritiod 
>  it  ill  alcohol,  and  evaporating  the  solution  to  drynesB, 
;ec  rid  of  1  woody  fibre.     Even  when  thi»  precaution  is 
add  is  formed  in  considerable  iiuantity  (lladow). 
ittion  fi1>tainc<l  by  acting  upon  those  bodies  with  nitric  acid 
jtcd  from  the  undissolved  portions,  and  the  carbaxotic 
flepuaited  as  the  liquid  ouuls,  may  be  purified  by 
cold  water,  and  convening  it  iuto  a  salt  of  ammonia, 
rtiudily  obtained   in   crystals;  the  carbazotalc   of 
diuotved  in   boiling  water  may  then  be  decom* 
Ic  acid,  aud  cry»tali  of  cau'bozotic  acid  will  be 
.„    ...^liid  cools.     1£  ho'dcd  irith  can&tvc   pot»b  m 
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cxceu,  the  acid  is  (lecoin]Kiwd,  ammonia  is  cipclled,  uid  & 
rctiii  is  obtait)«l  in  wlutiou. 

Carlxtzolic  aoiil  crjatuUiKes  in  long,  palc  ^cUav,  brilti 
rectangular  plates,  which  are  readilr  »oliiblc.iu  alcobol  and 
other.  It  rtMiuircs  between  80  and  90  parti)  of  cotd  water  for, 
solntinn,  forming  a  liquid  of  a  bright  jrcllow  colour ;  it 
the  skin  jcllow ;  if  heated  witli  a  quantity  of  water  iniiafndei 
dissolrc  it,  the  acid  melts  to  a  yclIowieH  trauaparent  cmI,  rl 
Holldifles  on  cnoliiig.  Tlic  tinctorial  jioncr  of  this  substance 
great  that  tlic  aqueous  solution  may  be  diluted  with  several  hn 
timi's  itfi  built  of  water  without  losing  its  yellow  colour, 
acid  itas  an  intensely  bitter  taitte,  which  has  induced  aonic 
fraudulently  to  subatiltite  it  in  beer  for  a  portion  of  the 
Cnrhuzotic  acid  i»  aloo  employed  for  dyeing  silk,  to  which  it 
yarU  a  btiautiful  yellow  colour,  after  the  silk  has  been  mo: 
with  alum,  or  with  cream  of  tartar.  On  the  application  of 
curbuzntic:  arid  fuses  to  a  yellowish  oil,  and  if  the  tcmpcrnt 
gradually  rui.-uxt,  it  may  be  partially  sublimed,  but  if  sad 
he.'itcd  it  is  decomposed  with  explosion.  Conccutratcd  »ul 
Bud  nitric  acids  dissolve  it  unaltered,  and  deposit  it  on  dilu 
The  carbaicotatcs  geaeralty  cryatalliic  with  facility ;  Uicj  m 
bitter  and  of  a  yeltow-  colour:  -nhen  heated  tbey  are  decompoNf 
with  explosion.  Carbozotate  of  potash  is  anhydroni  ;  it  is  frtdf 
soluble  in  boilittg  water,  but  requicea  360  parts  of  ould  wsis 
for  solution.  The  salt  of  atnmoma  i»  aUo  anhydrous,  but  it  ii 
more  soluble  iu  water,  and  is  somewhat  soluble  iu  alcohtL 
The  tuda  nalt  is  readily  soluble  in  cold  water.  The  carbaxolalM 
of  the  alkaline  earths,  and  of  lend  and  silver,  are  freely  soluble. 

CMoropicrine  [CjCl,(NOJ  Sp.  gr.  1  -665]  ia  the  name  given  taa 
oolourlcas  tran^pareiit  oil,  of  high  refracting  power,  of  a  toj 
penetrating  odour  resembling  that  of  oil  of  mujitunl ;  it  boils  ^ 
348^:  its  vai)our  ia  not  inflammable.  Tliis  substance  is  pt*- 
ducvd  hy  the  actiou  of  chloriimtiug  agents  upon  carbaiotic  »aiL 
It  ia  easily  obtained  by  distilling  the  aciil  from  chloride  of  lioi^ 
aud  rectifying  the  oil  which  conicM  over  from  caustic  Bi&;:nc^ 
Alcoholic  solutions  of  the  alkalies  decompose  it  into  a  cLl 
and  a  nitrate.  ^| 

When  the  nitrous  dcrivatircs  of  pbenic  acid  are  snbmitle^H 
the  reducing  action  of  hydraaulphatc  of  ammonia  two  tvA  xfli 
dated  acids  arc  produced.  The  compound  obtained  from  dtnitro* 
phenie  acid  is  termed  »ilro-p>ttrnamic  acid  [HO,C,^H„[><'OJ,X,0,+ 
4  Aq]  ;  that  from  carbaxutic  acid    is   named  ficramie  actd  ^,1^ 
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1368)  Or^enie  Arid,  or  Pymeatechin  (C„H^O,)  is  a  sub 
rbich  may  be  nuliced  iu  cunncxiou  with  plicnic  nci^ 
|tm:t  rvUtiou  hw*  b»-u  tracvd  liclwccii  thcae  tiro  aculn,  l)u| 
»uli  of  oiyphcnic  differs  from  thnt  of  phenic  acid  by  t\ 
its  of  osvgPU.  Oxyphcoic  acid  is  obtaiacd  most  aliun> 
tlie  dutillation  of  cntechu  {113H],  of  morilaiinic  acid, 
ammoniacum;  tlic  acid  liqnid  which  pusses  over  during 
must  be  decanted  (him  tarry  matters  which  accompany 
Iffl  to  spontaneous  evaporation.  The  cn-stals  which  are 
drpcisited  tnuitt  be  freed  front  the  mother  liijuor  by  prcs. 
rceu  folds  of  filtering  paper,  niid  purifipd  by  sublimation, 
lie  dcid  crystallizes  in  colourless  rectangular  privins. 
tolublti  in  water  and  in  alouhol,  but  is  ncnrly  itisoUible 
it  haa  a  bitter  taate,  but  scarewly  any  acid  reaction, 
fii^c  bctweou  a^o"  and  240*,  and  the  liquid  enters  into 
between  464°  and  4^3°.  Its  soliilious  in  the  alkalies 
fir«t  fTcen,  then  brown,  and  tinally  lilnck,  whilst  oxygen 
Its  most  characteristic  reactiou  is  tiie  dark  green 
it  prO(\iiei;it  on  the  addition  of  pcrchloridc  of  iron  ; 
JitioD  of  any  alkaline  solution  this  colour  i«  ctiangcd  to 
\Vitli  acetate  of  lead  it  yietdi)  a  white  precipitate. 
(]cci>nijiu»C8  oxyphcnic  acid,  and  oxalic  acid  is  formed. 
^)  Slfjihmc  Aeid[C,j}i;Sfi^^=2  HO,C„HCNO,),OJ.— 
>n  of  this  acid  in  auch  that  it  hiif  b(;i;ii  suppused  to 
ae  rchitioD  to  oxypbenic  acid,  that  carbasotic  acid  docs 
aeiil.  This  view,  however,  i.**  not  very  prolwible,  since 
is  dibasic,  and  it  uaniiat  be  obmined  from  osyphcnic 
the  nctiou  of  iiitric  acid  upon  it.  It  is  the  product  of 
Hon  of  nitric  acid  (frp.  gr.  r20)  upon  certain  gum  resina, 
immoniaciiiQ,  assai'ojtida,  and  sagapenum.  The  ai]iieous 
of  BiaJtil-wood  and  of  the  Moms  tincioria  also  yield  it 
itc<)  with  nitric  acid.  Many  of  these  suhi^tauoes  furnish 
Mrii)  by  flislillatiun ;  extract  of  Bra/iUvrood  yields  it 
3y  by  this  proecHs.  Styphnic  acid  is  oparingly  soltdilc  in 
kter,  bat  readily  so  in  alcohol  nod  in  ether.  It  cr^'stallixes 
prisnu,  which  hare  a  yellow  colour.  It«  solution  »lains 
rmaamlly  yellow.  Styphnic  acid  reddens  litiuui,  and 
titc  slkalnie  earltonatea  with  eBervesoence.  It  also 
metallic  iron  and  zinc  with  facility.  Its  taste  is  somc- 
rcot,  but  not  acid.  The  styphnutvs,  like  the  carb«zo> 
[  deeoinpo«M?d  witli  explosion,  when  Rcntly  heated.  This 
two  clattiML's  of  salts,  ft  neutral  and  tUL  tcid  ouq*. 
salts  eijstaJIixe  TcndUy. 


H  '^^  ■ 

^"  a.  Napht/ielie  Serieg.  IT 

(1570)  Kafhtbauk  {C.j„HJ  :  Sp.yr.  of  «o!id  1-1$^;  of  vtp^Am 
4'5i8  ;  Fu»ing  pt.  174";  Hoiiing  pt.  4j8^— TbiB  suWtance  drhiJij 
ita  priiK-ipa)  intercBt  from  the  importaDt  researchen  to  whidi  ilw 
vf»  vubmitted  hj  Laurent,  and  npoti  wbich  cUitfl;  he  fuuodeJB 
hU  theory  of  snIistitutionH.  NnplitliiJm  ia  a  oonatitueot  of  tlfl 
princiiul  varieties  of  tar,  but  it  is  most  abuudaut  in  coal  l^H 
pftTticularlj  In  that  obtained  from  the  Itondon  gas-vorks.  Ilfl 
nlato  produced  when  oleAant  giu',  phenio  ncid,  aud  sotdc  otb^H 
constituents  of  coat  tar,  are  transmitlcd  dowly  tlirough  rcd-bfl 
tubes.  Naphthaliu  is  eaail;  obtained  from  the  last  porlioBtfl 
the  distillate  from  tiir,  which  Ix-conie  ifcmisolid  on  oooling.  ^1^| 
liquid  coDdtituents  of  this  mass  mmt  be  separated  from  it  tifl 
prc&<iure,  and  after  recrystallization  from  hot  nlcobol  it  nuv  Ifl 
obtniiit.'fl  perfectly  pun-  by  sublimation.  H 

Nnphthalin  forma  flaky  oryatAlti,  consisting  of  rhombic  plot^H 
wliich  ffel  unctuous  to  the  touch  aud  have  a  pearly  litstre:  ilH 
odour  is  pcculiiir  aud  its  taste  bititig  and  wacwhut  urooiatic-  IH 
grailitally  uiidergoeti  auhliuiation  at  ordinary  temperatures,  and  iH 
ea»ily  dii^tilled  ovur  with  tlic  vapours  of  water.  Naphthaliu  doffl 
not  readily  take  lire,  but  whea  kiudled  it  bums  with  a  wlalq^ 
scnol^y  flnnic.  It  is  insoluble  in  water,  hut  is  readily  soluble  ia 
alcoliul,  ether,  oil  of  lurpeutiue,  aud  tbo  fixed  oUs.  Potath  ii 
without  action  upon  it. 

(1371)  Action  of  Sulphuric  Acid  vpon  A'tf/^AMoViJi.— SuljJiare 
acid  nheii  heated  with  naplitlinlin  cnmbiucs  witli  it.  If  tbe 
naphthaliu  be  in  cxC(»h,  the  acid  forms  vith  it  a  neutral  fosible 
conipoiiud,  termed  milfthonapkthalin.  If  tltc  «ulpliurie  acid  be  ia 
excess,  and  the  temperature  do  nut  exceed  200%  a  semisolid  aol 
compound  ia  formed,  tht  saipkmapUthatic.  If  a  higber  tempen* 
ture  be  employed,  i-speeially  if  rumiiig  sulphuric  acid  be  used,  ZKfJ- 
phonapkthahc  add  is  also  formed  ;  it  is  a  brown  dcUqaeaceot 
compound,  with  a  sour  aud  hitter  lastc. 

Ill  nil  these  cu«cs  the  oombioatiou  of  liydr«tc«1  sulphuric  »a& 
with  naphthaliu  is  attended  with  tlkc  ticparntion  of  water :  thus  :— 

0«H„S,O.= 
I  CZH,+ J  H0.8,0,-a  H/V 


Snlph  0.  aaplithal  in 


Sulpho-AaphtlialiD,  tcrmod  also  hvpoiulplio- 

naphthoic  acid C-,II.+  illO.S,0,-H,0^ 

Diiu]pliD.naplillia]icacid,  [tliio-Bsphtie,  or  3Iu).CmB,S.(:i„  = 

hyposulplionspbtiuie  scid) Ca,U,4a(jIiO.S,0J->H,0r 

BvsiJcs  these  two  acids,  a  small  quantity  of  a  third  acid   is  some- 
limes  obtained,  wh\c\vUni£la»3.^Tv:'sc\tb.the«ulQho-uaphtlialic ;  from 
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ittcr.  this  nev  acid  is  distingnishcd  by  the  differenoe  ia  tlie 
of  beat  apon  its  liarj-ta  salt,  vrhicb  vbcn  bumod  in  opco  air 
tdct«  like  Hitdcr  till  tlie  unplitlialiri  i«  cunitumi-d,  nliil«t  tlic 
^•□■phthalate  of  baryta  burii&  with  a  lumiitoiu  Qame.  The 
s-oapbtiuiUtcs  arc  aolubic  in  water,  and  many  of  them  in 
pi  also ;  Uiey  h&ve  a  hitler,  nlmost  metallic,  ta»t«. 
373)  Aclimi  i^  SiiTic  Add  vpon  Naphthatim. — Nitric  acid 
»  uapbthotin  hIowI;  at  ordinary  temperatures,  and  con- 
it  into  a  aii)|>litir-yoUow  compouix),  trrincd  aUro-nap/it/taiin 
jCNOJJ  ;  at  liifjber  t(rroiicrat«rea  liiiutro-nap/ilhalin  [C..„Hj 
J  and  trinitro-ttaphlhal'm  [C^>ij(NOJJ  are  prodiiccd. 
di&rent  vatietien  of  iiitru-uik^ibUinlin  cryntuUizc  buautifidly 
tbeir  alcoholic  or  tfacir  ethereal  solutions.  When  solu- 
if  these  componnils  are  exposed  to  the  reducing  action  of 
tfj   of  nmmoDUi,  each    cumpounil    yicIcU   nn    azoliscd 

,.  .:.'ialidine,  naphlht/l'ta,  or  naphtfit/iamine  (Cj^H^N)  facing; 

.mhr<l  from  nitro-naplitbalio,  and  semi-itaphthalidam  or 
tia  (t^j(iH,„N',),  from  dinitro-naphtlialin  ;  a  third  ba«cwas 
by   l^urent  frou    trtuitro-uaplithalin.*      By   prolonged 

ith  aitric  acid,  uapbtbaliu  la  converted  into  a  muture  of 
atul  ptithalic  acids  ; — 


^*vt■•l«:■D. 


FbibtUF  tcM. 


OuUcmM. 


C^ll«+4  O,  =  2  110.C„li,0,+  2  iIO,C.O^ 

Kc,  or  Naphthaiie  Acut  {z  HO,C|flH^OJ,  is  prodactd  by 

ilinoed  action  of  nitric  acid  u|k>ii  DapbtliaUo,  as  well 

the   bichloride  of  naphthalin,  and   upon  alisarin.     The 

■noJe  of  its   production  in  interesting,  siocc   it   indicates  a 

l>ctircen  uaphtiialiu  aud  the  ouluurio];  inattcrof  tnuildcr. 

iDg  the  solnlioD  obtained  by  acting  upon  naiibtbAtin 

"-'rtc   acid,  phthuliti   acid   is   deposited   in  groups  of 

It  is  sparingly  tuiluble  in  cold  water,  and  very 

.t^-uhol  and  ill  ether.     When  exposed  lo  a  high  tcntpe- 

r    is    cx[trllixl,  and    phtbalic   anhydride  is  sublimed. 

er  prolouging  the  action  of  nitric  upon  phthalic  acid,  a 

acid    [z  110,C„H,(I\0J0J  may  be  procnrod.       If 

<.  .>i . J    be  difltillGd  with  Umc,  carbonate  of  liinc  and  bcniuil 

Tcmlts  :■ — 

ytiUiletM.  BcoMil. 

a  Hp,CKH,0,+4CiO=  2('iCaO,C,04)+CaTI,. 
ViBnt^iil  bto*  txiotir,  hnlliag  tiiM  lioia  aaiUuc,  Uw  lalvAy  \jtQu 
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Flitlialic  add  is  dibaaic,  taxi  llofioann  ba«  g^iggcttoi  that  h 
may  form  one  member  of  a  scries  of  acids  wkicb  vouM  betr 
tlie  simiH  relation  to  the  motioliafiic  aromatic  acids  as  the  (Khaac 
acids  of  the  oxalic  scries  l>car  to  the  volatile  fattj  acids ;  aal 
lie  has  obtained  from  cumiuic  acid^  by  the  oxidizing  ioBoenec  of 
nitric  acid  ujion  it,  a  compoiiiid  which,  from  its  spariog  solubilttT. 
he  has  termed  insolmic  acid.  This  acid  ih  al»o  dibasic  The  tvi' 
classes  of  acidB  would  bercpre£CQtvdtl]us — insoliaic  acid  UaTing,Bi 
yet,  uo  representBtivc  in  the  monobaHic  series ; — 


Boiixaio 
ToluJo 


Cumituc  * 


HO,C„H.O, 

Ho.c„a,o, 

.    .  f 
no,c«,u„o. 


Phtlwlie 

Xtltl»)tBM 


,  .  .   r 

•    •    •    r 


{1373)  jietion  of  Chlorine  on   Napkthalm, — When  chlorine  ii 
brought  iuto  contact  with   iiaphthotin,  the  ivo  bodies  enter  n 
direct  comhinntioi) :  tlic  naphtlmlin  fusra,  and  a  mixture  of 
compounds,  preMCUtiiiu  cou»iderable    analogy  to  Dutcli  liquiii 
formed.     One  of  these  compounds  has  been  termed,  aomevl 
inappTopriBtely,  chloride  of  JiaphlhoHn  (Cj^n^C),=C^HjCl,U< 
•nil  tbc  other,  btchhridn  of  naphlharm  {C^^^\S^\^=i:^^S^^a  H< 
The  formation  of  small  quantities  of  anbstitution  derivattTeij 
naphchalin  also  usually  accompantcs  the  production  of  these 
pouuds.      It   would   hare  bctn  more  correct   to  bare  termed   tk' 
first,  hydrochlorate  of  chloftophtase,  and  the  second,  iMhydtoeMk- 
rale  of  t:hh!tuphte$e.     To  atuid  confiDtion,  ue  shall,  however, : 
tlic  tcmix  of  chloride  aud  bicliloridc  of  oaphthalio. 

Chloride  ofyap/ilftalin{C^}l^C\^  la  an  oily  body,  which  is  90)1 
in  ether  in  all  proportions.  This  circumstance  is  taken  advantigB 
of  in  cBccting  its  partial  separation  from  the  bichloride,  m\aA 
la  solid  ;  but  it  is  difGcuIt  to  free  it  eoiiipletcly  from  this  latter 
nubstoucc.  Bichhrideofuaphthalm  (t'j,jH,CI,)  exists  iu  two  roodi- 
ilcatiune,  which  bare  bcai  distinguished  by  the  letters  a  aod  ^ 
These  raodificalloDH  arc  both  formed  simultaneously  durinf;  the 
action  of  chlorine  upon  itaphthaliu.  The  bicbioride  a  is  aparinjly 
Kilublc  in  boiling  ctlicr,  from  which,  on  cxMling,  it  is  dcpooiled  in 
crystals;  or  it  niiiy  be  purirx'd  xtill  more  advanta^eoasly  by  cfy»- 
tallixntioii  from  boiling  uil  of  petroleum.  It  is  scarcely  soluble  iu 
olcohol.  The  bicfiloride  j3  is  rerr  solnblc  in  alcohol,  and  still 
more  so  in  ether.  It  is  olitniued  by  r\i)0»»n|^  tlie  ethcmd  motbrf- 
liquor,  from  vs\t\A\  Ibe  VticXAottdt  a  has  crystalliEcd,  to  a  low 
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a  few  bouRi,  anil  rectystalliztng  ttie  deposit  (wliicti 
[a  mUturc  of  the  modiQcatioDs  of  a  uud  /3)  from  'ctber: 
Btkiiu  tlw  iDocUficutiou /3,  which  must  be  recrysUltizcd 
Ji  obtained  are  rapidly  dissolved  by  cold  ether. 
couipouudA  nitli  bromiDC mny  be  obtaiiiud, uiid  other 
nlso  may  be  formed,  into  the  composittou  of  which  both 
iml  bromine  cuter.  (Sec  Tabic  below.) 
the  liquid  chloride  and  the;  two  iBodificatione  of  the  hi- 
of  Dn|iUthaliu  are  decompoHcd  by  dlatillution.  Wtieu 
ith  an  alcoholic  solution  of  polnsh,  they  nrc  dccooipodcd, 
f  potajwium  is  formed,  and  irhloriiiatul  dcrivntivceof  naph- 
1  produced.  Iii  e»cli  atom  of  these  new  conipninuU  the 
kf  atoms  of  chlonDC  and  hydrogen  together  ie  always 
Ij  which  is  tbc  number  of  atoms  of  hydru^n  in  tlie  com- 
tin  of  Daphttiuliu. 

Qsearclied  of  Laurent  hare  disclosed  the  existence  of  an  ex- 
oumcruus  scries  of  sulwtitution  compoundB,  farmed  upou 
if  oaphcbaliu,  iuto  the  ci>Tiijio»itioii  of  vrliicli  chlorine  cntcn. 
•ponding  compounds  with  bromine  may  also  be  formed, 
icr  Bories  may  be  obtained,  in  which  the  sulntitiition  ia 

riy  hy  cliloriiic  and  partly  by  bromine.  It  would  be 
with  the  |>Iaii  of  the  present  work  to  attempt  to  give 
ilcd  account  of  these  bodies.  The  table  which  follows 
aU'  tlie  cumpooitioo  of  the  priuci|»tl  compounds  of  this 
["kcsc  bodies  are  of  little  practical  importance,  but  their 
jam  led  Laurent  to  theoretical  deductions  rcgurdiug  tho 
ftoouBtitutioQ  of  chemical  oonipouuds  generally,  nhich 
led  a  remarkable  influence  upoii  the  recent  prugre^  of 
lemistry.*  Alany  of  these  bodies  arc  isouiorphous. 
1.  Chlorides  and  Bromidfa  of  yaphihaiin. 


pJc  t>r  uphltmlia 
iro»ai<hlKHi  .  . 
'iMDhllialiB   .    . 

aide  of  naphthMlin 
r  illiloiMplit(T««     , 
'  brdBa)itiki)c      • 
r  chloiM{ibl«0e    . 
r  flhknbivHuiphlAM 
FbrtuBphioiw 
r  bpMaeoUoaaplU  be 
'  brMwiphtMN-      , 


C-.H-CI, 
G,,H-Br.'a, 

(.„H,.cr,nr 

Cs„H,Cl,.Cl, 

C^IUCLUr, 
CH^CIBr.Br. 

C^U.Ur,.Br, 


C.„II,C1.HGI 
CH.HrCI.HCl 
C„H.Cl,.jEC[ 
C^H.C!,.  2  HCl 
C^H.Cl^nci.HBr 
C„H.Ci,.  2  UCI 
C,.H.C!,Br,i  ilCl 
C„H,ClJlf,iHUr 
C„H.Cl"Br,.3iIBr 
C_,H,Br..3llBr 
C«n,Br,CI,'UBf 
C^H,Br,.  a  UBc 


it,  vstraordiuarr  nn<t  uucoutb  ai  many  of 
,  ..  i  to  reprcwnc  tfa-  nuniorous  suliiitUution 
In  the  luiw  of  iia[ilithiiiiii,  \\w  cu;n\yrat\dA 
I  .'W  bj  the  prt-tu  e&lo,  and  end  w'llh  ifc  »j\\&Vi\tt 
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The  conipoiiiuU  enuinci-atcd  in  the  foregoing  table  are  autt^ 
tible  ortlecomposition  by  mcatiA  of  an  alcoholic  solatioD  of  potuk, 
which  effects  Uie  rpinoval  of  a  certain  portion  of  cUorine  dm 
bnimiiiL',  awl  thi:  btid/  wtiicb  is  left  is  oue  uf  lliose  rcprwenteda 
Uie  following  table  : — 

4.  Compounds  formed  upon  tfte  type  (CjqHJ. 


Clilonkphtaw  .  . 

BroTUpntue  .  . 

ChlonapbteM  .  . 

BnMiapntMe  .  . 

Chlonniibtiao  .  . 

BronaplilW .  ,  , 
CU  on  broaaphtiic 


C^HjBr 


CtJoBBpHUMC       -       . 

CblffrooronapbtoM 
Cli  1  aribroiik])titoM3 
Uronapliloso  ■  •  • 
BixunocUona  pktuM 
CblimaplilliBlajw  . 
Cliloiwplitlialite     . 


C„H,ClJr, 
C«li.i;i.Bfr 

cCB.Br,C 

d^    CI, 
FroDi  ttic  results  of  this  ducampoiiitioii  it  appear»  probable 
the  formula!  given  in  the  third  column  of  the  Rnt  tabic  rc| 
more  aecorntdy  than  tlio«o  of  the  second  column,  the  true 
position  of  thv  so-called  chlorides  aiid    bcutuidi^  of  napbUialij 
the  names  of  which  vtoald  require  modificatioo  acoordioglf . 

It  inu»t  not,  hoircvcr,  be  aupiiosed  thkt  the  foregoing  ttbl 
iiuli(.-atc  all  the  combinations  of  chlorine  with  naphtbalia  which 
may  be  formed  bj  siibtttitution  or  otherwise.  Man;  of  these  dit 
fereut  compounds  esist  in  several  distinct  moditicfttioua.  Tb(B 
arc,  for  example,  uo  fewer  than  sereu  distinct  forms  of  cJitonaj^ 
tttt,  which  Laurent  liaa  distioguiabud  by  the  letteni  a,  c,  ad,  e, 
/,  X,  and  y ;  four  of  tbem,  a,  c,/,  and  .r,  arc  obtained  by  the  dis- 
tillation of  the  bichloride  of  napbtlialin,  and  two  of  them,  ad, 
8ud  t,  by  treating  the  same  compound  with  potas<h,  and  y  is  ifcc 
result  of  the  action  of  cblorinc  upon  dinitrunaphthalin. 

a  and  x  arc  liquid  at  ordiuury  temperatures,  c  cryat&llisce  in 
iieedlea,  nhich  fiinc  at  i2z'^,/crrRtalliiM%  in  tables,  fusible  atzM''. 
ad  crystalHxes  in  needles,  which  fuse  at  about  8j°,  e  fuses  at  St^j 


in  "liict  the  TOn-t'U  a,  c,  i,  o,  and  u.  atv  iulend«d  rMDwliTolj  It?  indicslr  lh( 
distil areiucot  of  i,  j,  3.  4.  or  5  aionu  of  liydrogm.  In  tkkmnphtAK  i  sUb 
of  njdrogen  lias  hoeti  iliajilaeiid  by  1  eqaiTalent  ofctikirioei  in  diloospkloK 
4  stonua  of  liTdrojicii  hsvo  been  dtsplarcd  b;  4  of  ciiloriBA.  If  tht  numbfr  of 
atoms  of  hydroiteu  displs«!(l  i>xci'f.il  3.  a  fresb  ■jllabln.  iiiclt  ss  al.  m  «dd«du 
tbe  wonl,  and  tb«  towcIs  (bc^initinx  wilb  a)  are  n^iu  itn ployed  aa  bcfon 
Tliuti  to  i;j;|frcM  the  BubsiituLioi)  of  6  atoms  ofbTdi««B  by  6of  cUoriae.  iIm 
t^Ttn  chloDBpbUiurajif  in  a<lo[>t«>d.  If  bromiue  be  iJae  diaplscioK  body,  lb 
prefix  bro  is  c^tniiloypcl,  and  it  balh  chlortne  snd  bromino  be  present,  tbe  uuw 
cinpldjrvd  imiiualeH  by  tbe  rovtt\  tn  tbci.'OufludiD|^H;liable  the  tola!  nutnbOTof 
atoms  of  iiydru^cR  diirlncotl.  whiliit  the  niiinbrr  ol  one  of  the  kikloi;ra*  is  aii'f 
i-aieJ  by  a  voir ^ I  fttIocln.'U  10  tbe  pretii  of  tbe  partkular  liii]0);i.-n  t«  be  nvrt- 
sejited.  Tlium  rAhribronapAtoie  riidicnt*-c  (Cs„.HX!,BrJ.  or  a  rompouDO  in 
nhJL'h  4  rtt<>iu»  ofbydrojjen  have  been  displaced  by  3  atoms  of  dilariar,  sad 
by  I  ori>ri.>iiiinc:  the  nnme  hrumeeMoiiaphloie  inJicBies  thai  llie 4  stoma  cf 
iirdro^cn  displaced  arc  vcyteseoted  by  2  equiraleots  of  bromine,  simI  b j  i  e/ 


iirtii 
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CniOMAPHTtSC — CEILON^PHTISE,    tTC. 

jf  fuses  at  103'',  snd  may  tic  sublitncd  in  plates.  Many  of  these 
bodies  are  also  distinguished  by  diOereiices  iu  the  degree  of  their 
•olnbtlity  ia  nlcoliol  ami  in  ctlicr,  and  bjr  the  diETerent  way  in 
wtuch  thejr  are  attackiKl  by  chlorine  aail  by  broraiae. 

Tfaecsiateuceof  these  rernvkable  modifications  of  chlonaphtcae 
was  aocoantcd  for  by  Laurent,  on  the  ttuppoeitioii  that  in  the  com- 
pound  (C,,HJ,  or  naphthalin,  each  of  the  8  otoni«  of  hydrogen 
bos  its  iliatiuct  or  allotted  poMtioa  iu  the  compound  molecule. 
Id  ehlooaphtcsc  2  of  these  atoms  of  hydrogen  are  diA|iln<;ed  by  3 
eqairaleuts  of  chlorine,  but  it  is  not  a  mftttcr  of  indifference  which 

of  the  atoms  are  tlias  displaced.     Thus,  if  jCj^  ^'  1"   ^'  1[ 

represent  the  compound  molecule  of  naphthalin,  each  numi-ral  iucli> 
catjnf  a  distinct  atom  of  hydrogen,  it  is  not  a  matter  of  uidif> 
fcregpe  whetlier  the  displaccmeut  shall  take  place  thus, 

I  o.ii:ai, !""-!  <'.;:£?;'?l««^"i  ^;:l:?:S!- 

In  all  these  cnacs  we  should  still  have  compouuiU  which  ou 
analysis  would  exhibit  a  perfectly  niniilar  composition;  au<l  yet, 
from  the  ditFerent  relative  position  of  th(;  atoniH  of  chlorine  iu  the 
compound,  the  properties  of  each  might  be  different.  It  may  be 
shown  by  cvdciiiation,  upon  the  principle  of  permntatioii,  that 
twenty-eight  such  varieticii  of  cblonaphtese  are  possible;  of  these 
>eren  bare  been  discorered.  This  subject  is  placed  in  a  ven* 
clear  light  by  Gregory;  (see  also  pp.  461,  461). 

Chionaphtixe  may  also  be  obtnined  iu  seren  diCerent  forms, 
all  of  which  are  crystallixuble  solitU.  CldonapktQJK  is  known 
aiider  four  diflerent  niodificatiouB,  The  compounds  which  contain 
|both  chlorine  and  bromine  of  the  tyi«  naphime,  iu  which  4 
I  equiTalent*  of  hydrogen  have  Itccii  displftced,  may  be  formed  iu 
[three  different  way»,  and  yield  three  aietameric  niodificatJODs, 
lT». : — 1.  ChhribronaphtMe,  which  i*  obtained  by  exposing  a  mix- 
[tare  of  bromiue  ami  ehlonaphtisc  to  the  auu's  raya;  it  forms 
>ix-»ided  prisms,  which  ore  fusible,  aud  solidify  at  a  temperature 
of  »l)out  ail'*.  3.  Bromachlonaphioae  a,  which  is  obtiiiiicd  hv 
IptMitig  a  current  of  chlorine  over  heated  bronaphtei«:  it  fomiH 
six-aided  prisma  of  the  coosistcuco  of  wa:t,  which  uitcr  fusion 
solidify  at  230*.  3.  Bromachlonaphttat  (i,  which  is  obtaiue<l  by 
tlw  distillation  of  bichloride  of  bronaphtese ;  it  forms  tUttcued 
oblique  prisms.  Several  modifications  of  many  of  Ihc  other 
chlorides  mi^bt  be  onumcrstcd,  but  it  is  untieccasary  to  piir- 
I  .benUrize  further.  This  great  I'ariety  of  form  admits  of  ci^da.au.- 
k  taon  Dpou  the  hypotitesia  aJrcody  uppUcd    lo    uccouuV  Sfitt    >^;^'g. 
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dilTcrcnt  forms  or  clilooaplitese.  It  a  obvious  that  nDmerouv  u 
are  the  roodificatious  of  roauT  of  the  forms  of  lhe*e  deriradveft  of 
u&phtlialiii,  they  constitute  )iiit  a  small  ntimhf^r  of  the  poasible 
varieties  which  a  i)tTrautatiou  in  tlie  relative  positiou  of 
meutary  atoms  of  the  compound  would  allow. 

(j_j74)  Paranaphlfialin,  or  Anthractnt  (C^pH,g  Andersoa') : 
gr.  o/rapoiir  6-'j4t. — This  substatioe  xccompauies  nsphthitlin  n 
the  last  ituges  of  the  disCitUtioQ  of  coal  tar.  It  may  be  ptirificd 
from  naphthalin  by  nicaas  of  nlcohol,  which  disaoWca  the  napk- 
thalin,  but  leaves  almost  all  the  unthracene  untouched.  Anthn- 
ceuc  wfu)  suppuacd  to  be  polymeric  with  napbtiialui,  but  Andcrsoa 
has  lately  shown  thtit  it  possc»^cs  the  formiiln  gircn  above :  it  ti 
a  wliile  solid,  which  fuses  at  416".  It  may  be  distilled  wiibool 
being  decomposed,  and  it  condcuscs  iu  lamellar  crj-»tals.  Its  best 
solvent  is  oil  of  t'jrpcntine.  Chlorine  acts  slowly  upon  antliraeew, 
forming  a  substitution  compound  (C^H^Cl).  CUIoriiic  also  con- 
bines  directly  with  aiithraceuc  forming  the  conjpouud  C^HjjO, ; 
with  bromiiio  its  eombination  has  the  formula  Cj,U|^Br^.  Treated 
with  nitric  acid  it  fields  Mcanthracene  C^H^O^  which  cryst 
in  long  uccdica. 

(1375)  MctattajihthaVtn  (the  rrtitierene  of  Dumiw)  is  coB^ 
pountl  polymeric  with  naphthahn  :  it  was  obtained  by  Pellrlier 
and  ^V alter  during  t!ie  distillation  of  retiin.  This  body  is  spariogiy 
soluble  in  cold  aleoliol,  but  is  readily  dissolved  by  boiling  alcohol, 
as  well  as  by  ether,  naphtha,  and  oil  of  turpentine.  It  fuses  tl 
1^3**,  and  boit«  at  617°.  It  does  not  appear  to  form  any  coupl 
acid  when  treated  with  oil  of  vitriol. 

(1376)  During    the    distillation   of  tlm  bituminous   nhalc 
Dorsetshire  vnrious  products  arc  obtiiined,  which  greatlr  reaem' 
those  contained  in  coal  tar.     Tlic  hrdrocarlMns  appmarh  in 
]K>sitiou  to  (CjII)jH-     -^   portion  of  the   oil,  which   Imihi  het 
390°  and  480°.  furniabcs  n  ^tibstance  resembling  kreanotc,  w] 
Ijnurent  termed  ampetin  :  it  is  soluble  to  a  considerable  ci 
ill  watepj  but    the   addition  of  a  few  drops  of  an  acid  or  of 
solution  of  certain  enlts  c!tu#e»  the  separation  of  the  am 
Ampclin  is  decomposed  when   the  attempt  to  redistil  it  is  m. 
By  treating  llic  oils  of  schist  with  uitrie  acid,  Lanrcut  obtained 
acid  mctamcric  with  the  i^ialicylic,  and  nliich  he  termed  amprlie  n 

Shale  tar  is  particularly  rich  in  basic  substances.  U.  WillUi 
hn«  detedetl  in  it,  in  addition  to  pyrrol,  ammonia,  pyridine,  picoliai 
lutidine,  collidine,  and  parvoline^  besides  two  other  Itawa  as  yi 
but  imperfectly  examined,  which  have  been  tnnncd  earmi£we 
and  vertifiine.  ll  is  remMV.iiWVt  'Ch'A  ms^sa  i&  not  prcscal 
jongst  these  base*.  (,Q.  J.  Clwrn.  S«:.,Ttt.  ^>i 
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destmctive  distQIntion  of  bones,  and  of  nzoti^cil  anininl 

generally,  yields  a  subataanc  a>muiaDlj  known  asDi/t/tci't 

oil.      This   oil   comes   over  acoompaDied    by   an    iiqtieoii» 

i&i^id  iritb  carbonate,  hydroi«iilp1iAtc,  &nd  byditK^aiistc 

ita.     The  oil  iuelf  is  a  complex  mixture,  consisting  of  a 

U   jtoluble  tit  ncids,  and  of  an  iiisolable  ]>ortion  j  the 

»tituUu$  the  linger  f&it  of  the  oil.     In   tbc  portion 

ui    acifU  TArioiut  volatile    basca    wc   present,    including 

vthylin,  uitylin,  teirvlia,  and   aniylia, — luiiliue,  pyridine, 

IntKliiif, — and   tUc  substance   termed  Pyrr&l   by  llunge. 

irtion  inMiluble  in  acids  contaiuH  benzol,  and   a  mixture  of 

aitrittie. 

I37J')    Pyrroi  (C^HjK) :  Sp,  gr.  of  liqmd   voyj  ;  of  vapour 

\£oiiin9  pi.  271°.— This  body  ba«  been  carefully  examined 

m  [E<iin.  Phil.  Traat.,  xxi.   ^86).     lU  purifiaiUou  is 

nth  coniiiilcrable  difficuUieji.      Dunitg   tbe  diatillation  of 

lutioti  of  the  crude  pyridine  buMis  (1 187),  from  Dipprl's 

ILariy  foetid  oil  is  obtaiut-d,  wbicb  ia  colourless  at  first, 

Iwoamea   in  a  fcir  days  of  a  reddisb  colour,  and  ultimately 

black.     On  subjecting  this  oil  to  fractionnted  distillation, 

Ivrablc  portion  is  obtained  bclirccu  270^  and    £90^.     If 

witli  dilute  ftul|>bunc  acid  and  dried  over  sticks  of  {tolasb, 

be   obtained  nearly  pure  by  repeated    rectification.     In 

},purify  it  prrfcctlv,  it  should  t)c  digested  in  n  cupper  tlask 

6  times  iui  wetgUt  of  caustic  |iotaiilt,  allnwitig  the  liijuid 

dt^tilfi  to  fall  back  into  the  tlnsk.     Gnulually  tbe  pyrrol 

into  combination  iritb  the  potiisb,  and  the  beat  may  be 

ucnrly    to    rcdni-»»   vritbout   exjielling   any   portion   of  the 

Tlic  residue  time  obtained  in  tbc  retort,  after  any  traces 

hate  been  expelled  by  beat,  wbcn  thrown  into  water  is 

),  ami  pare  colourless  pyrrol  rimt  to  the  surface.*'     This 

an  odour  faintly  resembling  that  of  chloroform,  and  a 

eut  [ii8te.      It  becomcji  brown  when  exjMscd  to  the  atr. 

jlublv  in  sihnlinc  solutions,  but  is  slowly  dissolved  by 

most  remarkublc  rcactiou  is  tbc  production  of  a  palo 

ir,  which  gradually  deepens  to  au  intense  carmine  when 

of  fir>wowl  moiitlciicd  with  hydrochloric  acid  is  exposed 

*iii  of  pyrrol.     When  a  solution  of  pyrrol  in  a  dilute 
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acid  is  heated,  a  red  f1[K>culunt  substnnce  is  deposited,  nod 
liquid,  if  not  citrcmcly  dilute,  becomes  of  a  gclatiiiout 
a  similAT  change  occurs  in  tlic  ncid  solutious  at  ordinanr  tcro 
tans  if  icrt  for  ft  few  dayK.     Alcoholic  solutions  of  pyrrol  p: 
tatc  solutions  of  corrosiTc  ftubliniate,  aud  of  chloride  of  cadmiodi, 
but  not  tliOM  of  the  nietala  ia  general. 

The  red  Robstance  obtained  by  the  nclion  of  adds,  la  luppouf 
by  Anderson  to  have  the  composition  of  C„H„NjO^  being  lonad 
from  pyrrol  liy  the  ehminatioa  of  the  elements  of  sramonitt  and  th 
asflimilation  of  water,  thu»  :   3CsH,N  + H,O,=!I!bN  +  C„H„N,0^ 

(1378)  Rilumm,  Asphalt,  and  Peiroleam. — Closely  coanei^ 
with  the  producttt  of  destructive  diittillntion  are  the  diffcrol 
forms  of  bitumen,  asphalt,  and  petroleum.  Deposits  of  tben 
substances  are  found  in  rarioas  localities,  as,  for  example,  it 
Trinidad,  at  Amiauo  and  in  souie  other  part«  of  the  north  of  Italy, 
and  alt»o  on  the  borders  of  the  Ca^iaa  Sea,  where  it  occim  a 
beds  of  marl  above  coal  measures.*  It  i«  likewise  nbundant  K 
llangoon,  and  in  Hvveral  other  localities  of  tlic  kingdom  U 
Biirmah,  where  the  naphtha  is  obtained  from  a  pale  blue  oby, 
soaked  nith  oil,  which  rexts  upon  roofing  Uate,  beneath  whtdi  ii 
conl  contaiaing  much  pyrites.  The  petroleum  from  the  tut> 
named  locality  has  lieen  made  the  subject  of  examination  hf  Dt 
La  Rue  and  U.  Miiller.  (Proceed.  Roy.  Soe.,vm.  lit.]  It  ii 
obtained  by  sinking  wells  nltout  sixty  feet  deep,  in  which  the 
liquid  is  collected  an  it  oostes  from  the  Moit.  At  common  tempe* 
raturcs  it  has  the  consistence  of  goo^fat;  it  is  lighter  thrt 
water,  and  ha.<i  usually  a  grccnisli-hrowu  colour;  it  has  ako  1 
slight,  peculiar,  but  not  unpluuuint  odour.  It  is  composed  alnxst 
entirely  of  volatile  constituents,  about  1 1  per  cent,  of  which  ooa»e 
oft'  below  ai2^.  The  fixed  residue  doeo  not  amount  to  more  thu 
4  per  cent,  if  it  be  diKtilled  in  a  current  of  superheated  btata. 
About  10  or  r  I  per  cent,  of  the  v<da(ile  matters  con^nt  of  a  Iwdy 
fusible  at  149°  but  which  is  solid  at  ordinary  tempcratnret 
(paruffiu).  'When  the  liquid  portion  is  agitated  with  oil  of  vitriol, 
some  of  its  constituents  enter  into  comhioatioii  with  the  aeid,  Imt 
the  greater  part  remains  unaltered  by  this  agent.  In  the  portioa 
which  coiubiiies  with  the  acid,  benxol,  toluol,  sylol,  and  cuoiol 
have  bceu  identified,  and  there  are  aeretal  bi^ic  aubstauccs  whtiA' 
hnvD  not  as  yet  been  completely  examined.  The  liqnid  from  which 
the  hydrucarlxHis  of  the  benzol  series  have  been  reoaoved  by  the 


•  QaitereMiitlj  «%trem«ly  co^i'^us  bptJdk*  and  itelli  of  mineral  oU  !u«« 
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BERtTJkTlfES   OP  CTAXOOCK. 


673 


action  of  oil  of  vitriol,  &fU-r  being  nwtiUcd,  constitutes  rock  oii 

or  ttaphtha ;  it  is  a  mixiure  of  several  bydrocarboas,  aud  id  tbe 

Sii^uid  ill  which  pota^iittii  onil  soilium  arc  preserved.      Iii  order  to 

purify  it  fur  tbis  puqwKt!,  the  crude  (lislillatc  must  lie  agitated 

several  times  with  a  fifth  of  its  bulk  of  oil  of  vitriol ;  after  which 

'tbe  uiiil(K^)iiijKiK(l  b^drocarboii   is   to   be  well  washed  with  water^ 

and    roclilied   from  quicklime.     This  liquid  requires  about  eight 

times  its  bulk  of  alcohol  for  solution,  but  it  ia  soluble  iu  all  pro- 

portions  iu  ctlicr  and  id  the  volatile  oiI«.      Hot  naphtha  dissolves 

phot^phorus  Bud  sulphur,  hut  depaiits  the  greater  portion  of  these 

^odics  on  cooling.     It  ab*o  dissolves  caoutchouc,  camphor,  and 

H^jr  uix)  rcsbious  bodies  generally.      Pdletlcr  and  Walter  describe 

|prce  components  of  naphtha;  one,  which  is  termed  naphtha,  Ijoils 

■t  about  190°;  and  the  second,  termed  naphthtne  {C■^^\\^^,  boila 

at    23y*;  and  tbe  third,  naphthol,  at  37+*.      It  is  uot  improbable 

that    all   these    bodies   nre    polymeric    iiinHiplest    of  the    hjdro- 

i^arbon  CH. 

Arpftalt   19   the    term  givca  to  Eolid    bitumcu  (9^1).     The 

tumeiis  difTcr   iit   the   fucility  with  which    they  urc  attacked  liy 

Ireuts.     Gfiierally  they  contain  but  little  of  any  matter  soluble 

alcohol,  but  most  of  them  are  dissolved  in  great  part  by  ether, 

,  by  oil  of  turpcotiuc.  \Vhcn  distilled  th(;y  yield  suljstauc(»  which 

ible  the  imraOin  oils  in  properties  aud  cousisteace  (1347)- 
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('379)  ^'*  describing  surai;  of  the  compounds  of  cyanogcu  (416}, 
loHon  was  made  to  some  im|>ortaut  derivatives  of  tliis  body  (con* 
iuiiig  iron,  cobalt,  platinum,  sulphur,  and  some  other  civmcuts), 
hich  perform  the  functions  of  nalt^radicles,  or  bodies  which  in 
inodo  of  combination  present  a  certain  analogy  with  the 
Iu  the  present  chapter  sumu  of  thc«e  coiupuiinds  will 
described ;  urea  and  some  organic  bases  of  auimul  origin  will 
it  Ik  esarained,  after  which  uric  acid  and  ita  more  important 
erivaCircs  will  be  considered. 


((380)  llvdrocyaiiic  acid  iu  ita  aubydrou&  form  com\i\vvc& '«\>^e. 
9  '  XX 


674 


CVANIDE    or   POTAMU'M. 


aercral  (>f  tlic  anlijrdrous  eleotro-negatiTe  chlorides,  snch  a*  piT' 
chloride  of  iron,  bichloride  of  tio,  Wcbloriile  of  titiinUim,  and  pff^ 
chloride  of  nntituony,  ami   forms   compounds  the   coiu))Ositioa^ 
which  is  reisreseulcd  hy  the  formuls  (aHCy.Fe.CIj);  (llCy.SnC 
(HCy.TiCI,);  aitd  {^  ilCy,SbCl() ;  hut  thcec  coropounda  we  1 
decomposed  by  water,  nnd  hove  no  [iractical  ii]>[>liRatic»iK. 

Tlie  general  propcrtios  of  the  cyanide*  have  hoeii  already  I 
cussed ;  some  of  ttio«c  salts  are  of  considerable  practica]  in 
tance,  and  idrv  be  nuw  bricHy  described. 

(1381)  Cyanide  of  Potasihim  (KCy). — Tliis  salt  is 
in  couKiderable  quantities  for  Uic  purpose  of  dissolving  the  mJu| 
gold  and  nilvcr   in    the  procesticx  uf  elcctrotypiiig ;   it    isalwi 
ployed  in  pliotoi^aphy.     It  may  bo  obtained   hy  hcatiitp  to 
reilness,  in  a  covcrrd   iron  crucible,  a  mixture  of  8  parta 
hydroQK  fcrrocyanidc  of  [lotassiiim,  nnd   3  of  dried    carhoiii 
potash,  until  tbo  fused  masa  has  lost  its  yellow  eoloar,  and 
to  give  olf  bubbles  of  gas.     The  iron  ia  srpwntcd  in  the  fo 
A  nictnllic  puwdcr,  and   Buhwides  to  tlie  bottom  of  the  cr 
the  fiiseil  cyanide  can  thcu  be  poured  olf,  and  solidifies  on 
to  a  milk-white  mass.     The  cyanide  thaA  obtained    is,  hoi 
always  mixed  with  a  portiou  of  cyanatc,  the  reaction  being 
a»  is  shown  in  the  following  e<tuati»n  : — 

2  (K,,FeCy,)-*-i  KO,C,0^=5KCy  +  KO,CyO  +  Fe,+C^, 

If  the  presence  of  the  cyanate  of  potash    be  ii^m^oua,  it   ml 
got  rid  of  by  adding  to  the  mixture  of  the  oarbonate  aod 
cyanide,  Iwforc  fusion,  onc-cighth  of  it»  weight  of  charcoal, 
at  n  red  beat  n'dtiees  tlie  cyanatc  of  polosli  to  the  form  of  cjt 
the  fuKcd  salt,  wheu  decanted  from  the  iron,  will  then 
black  colour,  oiving   to  the  prcncncc  of  particles  of  uocouton 
chnrconl.      If  it   is  to  be  u.-H-d  in  solution  inimediatcly,  it  may  I 
diBsokcd  ia  water  and  filtered ;  but  if  required    ia  tlus  solid 
it  may  he  purified  hy  treatment  with  IwiUng  alcohol,  from  »l 
after  fiUration,  it  eryxtalliy.es  on  cooling.     Cyanide  of  pola 
forms  colourless  cubes  ;  it  is  deliquescent,  baa  nu  nlk»lincrCTcti< 
andnheu  nioiat  emits  an  odour  of  hydrocyauic  acid.     It  is  higl 
poieonoits. 

Cyanide  of  potassium   ia  a  |towcrful  nnd  valaahic  rcdv 
agent.     TIic  oxides  of  a  lai:ge  number  of  metals,  including  tfa 
of  lead,  copper,  and  iron,  when  thrown  into  the  melted  »alt 
immediately  reduced  to  the  metallic  stale,  whiUt  cy»nnte  of] 
18  formed.     It  may  also  be  used  iu  the  lalwratoir  as  a  retluc 
agent  instead  of  \)\ticV  fLu3.,\nXe>9ci'a^Wiki'^uic(7oS}.     S<dDt 
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pf  cyanide  of  potassium  dissolve  iron,  line,  nickel,  and  copper, 
kith  evolution  of  hydrogen,  whilst  potasli  is  produced.  Silver  and 
jfolcl  are  also  dissotved  hy  the  tioliition  of  nranide  of  pntaRsitira, 
tf  air  be  idlowed  free  occi^s,  imd  double  cyanides  of  [jotassiuin 
|rith  tboec  metsU  are  formed. 

(13S2)  Double  Ct/anides. — Cyanide  of  potasMum,  nlicii  nthcH 
Vtth  metallic  solutious,  oCL'a«ioiis  a  Urge  uiuaber  of  pivcipitntca, 
khich  in  tlie  majority  of  instances  arc  soluble  in  an  excess  of  the 
^anidt;  of  |K)tiu«iiim  ;  they  gi'iiernlly  form  with  it  crystal! iz able 
louble  salts.  Thecj'anidcts  of  tliC  metaUuf  the  other  alkalies  and 
■T  the  alkoliue  earths  may  he  substituted  for  cyauide  of  potasNum, 
ind  [inxtiR-i?  8iaiilur  doiiblu  cyamdi-H.  The  duiihlv  cyanides  which 
■re  formed  in  these  cawH  are  of  two  kitid&  or  elassrs.  The 
loable  suits  of  (he  first  class  are  comparatively  unstable,  and  uve 
Beooiupo>«r(I  by  tlic  ndilitiuti  of  a  diltiU-d  free  ncid,  ituch  as  the 
[lydrochlortc.  In  aueh  eaNes  the  cyauide  of  potassium  \i  dccom>, 
pDecd,  hydrocyauic  acid  is  liberated,  and  the  iusuluhle  mcUilliol 
byanidc  is  precipitated.  The  double  »alts  which  the  cyanides  of 
line,  niclicl,  manganese,  copper,  and  silver  farm  with  cyanide  of 
potassium  belong  to  thiii  class.  When,  for  example,  the  double 
h'anidc  of  nickel  aiid  pota«sitmi  is  decomposed  by  hydrocldonc 
kiad,  the  following  reaction  occiini,  and  ey:knide  of  nickel  is  prc- 
eipitated,  mucc  it  is  insoluble  cither  in  hydrocyanic  or  in  hydro- 
chloric acid  : —  J 
NiCy.KCy  +  IICI  =NiCy  +  KCl  +  llCy.  ' 

fbc  alkalies  do  nut  occiiaiou  precipitates  iu  the  solutions  of  tlic 
louble  cyanides.  When  mixed  with  a  sotutioa  of  a  metallic  salt 
vbicb,  like  acetate  of  lead  or  sulphate  of  copper,  is  capable  of 
nruitthiiig  an  invilublc  cyanide,  a  double  iusuluhle  cyanide  ia 
Drincd,  for  example  : — 

I        NiCy.KCy  +PbO,CJIjOj=NiCy,PbCy+  KO,CJT,0|.  j 

hic  cyiinides  of  this  class  arc  highly  poisonous.  Many  of  these 
louble  salts,  nbeu  mixed  with  other  mttullic  solution*,  exchange 
Uctr  potassium  fur  the  ntctnl  of  the  salt  which  has  b^^eti  nddcd, 
nil)  Ihns  form  double  cyanides,  whifh  arc  insoluble  iti  water,  but 
pre  readily  decomposed  by  dilute  acids.  Thus  a  double  cyanide 
if  line  and  of  hnrinni  may  be  obtained  by  mixing  a  solution  of 
Kctatc  of  liaryta  with  one  of  the  double  cyuuidc  of  linc  and 
LtoMium  J  ZnCy,KCy  +  naO,C^Il30j=ZnCY,BaCy  +  KO.r.lI^O^; 
ud  a  double  cyanide  of  nickel  ai>d  copper  may  be  ohtaincd  by 
ntiing  a  solution  of  the  cyanide  of  nickel  and  potassium  irith  one 
If  sulphate  of  cupper.  . 

[  X  X  2  J 
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The  donUe  eja^Aea  of  the  aooonil  dus  are  modi  taoKi 
Tte  ala  of  Utia  dsM  do  oot  poaacw  the  inisotiuiu  c^tnrfi 
a^K  evmtaJitB  ta  genenlj  on  tbe  addittoa  of  dUulc  anlt  ^ 
ofttMixm  of  the  metaliie  cywiwlv  occurs  ;  tiic  mon  dvctraM 
Bcul  appean  to  haTC  catered  iato  conibinatiuD  nitli  tic  mj 
ta  aiKli  •  manner  a*  to  Sotm  a  new  E>alt-radicle,  tnon;  o^H 
locoDB  Us  eUoritie  and  tlte  halogens,  iu  cotucquencw  i^M 
■tsDama  io  wlatioci.  H 

Tlw  double  salts  which  the  cj'aiiides  of  cobalt,  (k1 
chnwooi,  and  of  platiuum,  fonn  *ritb  ejaaiAo  al  ■■ 
bdoae  to  tbb  da»,  anil  ihey  coutain  oonipoumis  to^H 
tCfwi  ODbaltkyaaogcD,  ftrirocyauogeii,  ferric.vaaogeaiH 
cjaac^es,  and  {lUttooi-Tauogeii,  have  been  nfiplutl :  thci^| 
arc  dtktiaeaiabed  bv  tbe  iiru^ierty  of  ticldiuf;  coaipo^| 
hjdngen  whidi  poMcM  acid  cbaradcn,  and  cuuuio  fl 
aanber  of  equivalents  uf  hydrogen  in  ttic  [xlacv  ui  Utc  M 
of  the  doable  crauidc.  Kor  instance,  tlie  doabh-  qfl 
polBiMiiin  and  irgo,  termed  yellow  fcrroc^auUIe  uf  [)Ota:^| 
be  RpccMmtcd  b;  tbe  funuula  (K^Fi-Cv^  ;  it  Ticlda,  «b^| 
poaed  br  bfilnxhluric  acid,  a  cuiu|iuuud  termed  hidru-Qfl 
acad  (II,.KeC'y,),  which  contains  2  ntoiua  of  hydrugcn  fl 
tbe  I  of  fx>Us&ium  in  tbe  fellow  xalt : —  ^M 

K,,FcCy,  + 1  HCl  =  H,.FeCy, + a  KCL     ■ 

Tlie  qsantitT  of  cjranogen  in  the  nm^ile  iryaaicle*  ^H 
termiued  by  tbe  folloaini^  method  propoKcd  by  Hei^l 
Obrat.  Soc.,  ii.  31^).  Tlie  sabUance  for  analy»t»  tt  fil^| 
miall  fta»k  wilh  »onie  p>cocs  of  jiiiu^  xinc  in  a  little  water  ^| 
of  tbe  flaak  is  Ett(->d  »ith  a  cnrk,  through  which  are  1A>^| 
fiutnd^  and  a  aevond  tube  bent  t^iccut  right  at^loa  fa^M 
off  the  gas  which  is-diaengaged  ;  ftulphuricaeid  i«  poun^H 
fanorl,  and  byilm^en  is  lil)onit(-d;  this  ^ns  at  the  oio^H 
formation  combine!)  with  the  cyanogen,  and  carries  iC^H 
(brm  of  hydracyamc  acid,  whi«.'h  in  arreetcd  by  csiu^^^H 
through  a  Milutiou  of  nitrate  uf  ailver.  The  eyanml^^| 
nnerwaids  collecled  upon  a  I'tlter  and  wetghrd,  b«it  it  i*^| 
prtM^tMi)  br  Licbig,  tu  ctuiiItitH  tlin  vojiount  of  hy<  '^| 

a  solution  of  potash,  and  ancrnards  to  add  to  tin-  at^^fl 
(4J0)  a  standard  wlution  of  tiitralc  of  R?lv<rr,  or  Knlpl^^H 

(a)  CpamiiltivAifhd-jifol  ronia'tn  Ettctra-Tiegante  .V«Ad|^| 
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cjiujides  whlcti  yield    (iouWc  cyaoiilcs  of  tlic  first  class, 

iMc  salts,  nliich   arc  decompose*!,  and  yield  a  precipitate 

additinn  of  a  dilute  actd. 

prfr  I'/iinc  is  whitt,  aud  iuscilublu  in  water;  with  cranide 

Bom    it   forms   a  soluble   salt    (ZiiCy.KCy),   which   may 

in   lai^,  rrgular,  Anhydrous,  colourless  octohcdra. 

'of  sine  ami  sodium   {2  Ziirr.NuCy  +  5   Aq)  may  be  ob. 

brilliant  plates,  if  cj-anidc  of  sodium  he  •luhatituteit  for 

potassium.      Cijaaide  of  mekei  (NiCy)  forms  an  apple 

cipitutf,  which  ia  very  solulilc  in  cyanide  af  potassinm, 

fs    salt    (XiCy,KCy  +  Aq)   which   crystallizes  in    oblique 

il    priatnt  of  a  yellow  colour.     Cyanide  of  matigancM 

r^  hiilUy  reddish- white  precipitate,  on  mixing  a  soliitinn  of 

of  manganese  w'ith  one  of  cyanide  of  potassium  ;  it  rapidly 

brown  by  ctpostirc  to  the  air.     This  cyanide  is  soluble 

of  cyanide   of  potoAiium,    but  the    solutioa  alxwirba 

111  gradually  dcpoeiu  oxide  of  manganese.      Suhcyanide 

COgCy,  is  a  white  powder  obtained  by  treating  an  acid 

>r  sitbrbloridc  of  copper  with  cyanide  of  potassium;  it  is 

ihe    dilute    acidn.      Sulphate    of    cop]>ep    yields   with 

of  potassiam  a  brow ni«h-ycl low  precipitate  (CuCy),  vhicli 

pn»  to  gire  off  cyanogen,  and  Ijccotnes  converted  into  a 

fanide   (CojCy.CuCy +j  .■Vq).     The  sane  salt  may  be 

in  bright  grceu  cryatals  by  adding  hydrocyanic   acid 

iDD  of  anlphate  of  copper.     Cyanide  of  copper  (CtiC^y) 

in  excesa  of  cyanide  of  [lotasisium,  vtith  au  evolution  of 

and  formation  of  subcyanidc ;  the  aubcyanidc  forms  two 

<1  donWe  «ilu  (CiijCy.kCy),  and  (Cu,Cy,  3  KCy).     The 

lie  more  solahlc  nail  of  the  two, 

1)   Cyanitie  of  SiVtw  (AgCy=  134)  is  precipitated  in  dense 

li  when  hydrocyanic  acid  or  cyanide  of  potawiiim  is 

lution  of  nitrate  of  silver.      It  is  nearly  insoluble  in 

ric  acid  erea  at  a  boiling  temperature,  bnt  it  i»  solublo 

lia,  and  i»  depomposed  by  hydrochloric  acid.     When 

itlr  ic  mtltH,  and  at   n   hi^b  teiupcrature  gives  off 

IcATiniz  a  residue  of  a  grey  colour,  whicb  retains  n 

Bi"  1  1.     Cyanido   of  silver    is    freely  iioluble    in 

of  t...    -.  ^-»iclcs  of  potassium,  t-odiuio,  barium,  calcium, 

itmiti'     These  aolutiona  give  no  precipitate  with  solutions 

■hloride*;  iiidwd,  cyanide  of  silver  is  dioidved  by 

of  the  chlorides  of  the  raclalsof  the  alkalies,  and 

xUh.      It  is  also  aoluble  in  a  solution  of  nitrate  of  ^WtcT^ 
.   ui  ictulioan  of  the  fcrrotynn'tiic  and  ferrtc^-iuutVe  ol 
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The  duublc  cranidcs  of  the  secoDil  das;  -■—  r  -A  \ 
TUc  ftalte  of  tlii»  d:udi  do  not  ixHneas  Uie  ) 
tlie  OTtuiiticB  iu  gcucnil}  ou  titv  oilditiou  ol'  mtutc 
cipitatioii  «f  the  metallic  cyaaklcoocurR  ;  itic  more 
DictAl  appcani  to  have  entered  iiklo  coniliinatioa  nitb  lii 
in  eudi  &  maimer  ks  to  lumi  a  ocw  salc-radicle,  man  < 
logous   to  chloriuc  aud  the  halugeiu,  in  coiuc^iKuaiiJ 
rem&iiis  iu  »oluitou. 

The  dtjulilo  Mils  wliich  tlie  cfanitles   of  cobalt, 
clironiiuta,   and   of   pbtiuum,    fumi    urith   o/ontdc  ati 
belong  to  l\\x*  claUf  and   thpy  conluia  Dompoanda 
tcniis    oobidticyAtiugcn,    fcrrocyanogcn,     (erncyi 
cj&nogcn,  aiid  [ilatiaocj'ano-^eu,  liavt^  been  applied  : 
ire  dbitiri^ui^hod    bf  the   property  of  tivldiug 
hjdrageu  wkiek   fOitce»  acid  ckaracten,  aud  ccmt 
iiiinibcr  o(  cquivaleiiU  of  bydro{;eii   m  the  jilucc  uf 
uf  the  double  cyanide.     >'or    inbtauce,    tbe    doulile 
potjutsinm  and  inm,  U-macd  yellow  ferrocyaaide  of 
be  represeuted  by  the  furiuula  tK^FcCyJ;  it  jrielda, 
pOMrd  by  hydrochloric  acid,  a  <-ompouud  lerrawl  byti 
acid  ([{^.FeCy,),  whicb  cODtaios  l  atoms  of  bydr 
tbc  2  of  potassium  iu  tlic  ydluw  «alt : — 

K^PeCyj+  2  IlCi  =  Il^l-'cCy,  +  3  KCI. 

Tlie  quAiitity  of  cjanogm  in  the  ainijtle  ryaaidca ! 
tfirn)i»(il  by  the  following  method   pro|>OM;d  by 
Chem.  Sor.,  ii.  in/j.     Tliv  Rub»tancr  for  analyiiis 
small  fliuJi  with  Mime  pieces  of  pure  unc  to  a  little  1 
of  thi^  flask  18  littcd  witli  a  cork,  through  which  arc 
runiirl,  and  a  nxmikI  Lube  l>cnt  twicc'nt  right  aitj;]es 
ofTlIieii^ii  wliiirh  iA.diHengaf^ ;  >ulpbaric a«id  i>  poaf 
luuQCl,  and  bytfro^eu  t«  UhCratcd ;  thia   pa»  at  t' 
fiirmsiion  ciniibinrs  with  the  cy^uogeti,  and  cs' 
form  of  hrdrocyanic  acid,  whtcli  tit  nrrcstcd  by  caimti 
through  a  solution  of  nitrate  of  Bilvef.      Tbc  cti 
eftcrMards  culUvtcd  ujiun  u  filter  and  tnnf-hnl,  buti 
{tract iwd  hy  Lieljt£,  tu  conduct  (hemjiutira  uf  bydrocji 
n  wihition  of  pota»h,  and  af'  '    "        '  '  " 

(^10)  a  »tiinditrd  Kolntion  oi 


ics  vhicli  ric)tl  double  c)-aniilcs  of  the  Sret  class, 
Its,  nliich  arc  decoiu|>oa«d,  and  yield  a  precipitate 
lUoD  of  n  ditutc  acid. 
>/<■  of  sine  is  white,  tiiul  iiisoluhlt!  in  wntrr;  with  cyiuiide 
uiii  ti  form!)  u  oohible  ult  (^iiCjr,K('v},  uliicli  may 
led  in  Jargp,  regular,  anliydroiii,  colourless  octohcdra. 
[/■  zinc  and  aodam  (2  ZnCy.NaCy  +  j  Aq)  may  be  ob- 
briltiant  [lUtes,  if  cyanide  of  kkIiuiu  be  ftulwtitutcd  for 
F  potAsuutn.  Cjfonide  0/ nickel  (NiCy)  fonns  an  apple 
dpitatc,  wliich  is  very  lolublc  in  ryanidc  of  potaasium, 

I  salt    {KiCj-,KCy  +  Aq}   wliich    c^y^talliKeJ«  in   obliquL- 

II  prisms  of  a  yellow  colour.  Cyanide  t^f  manganese 
bnlky  reddiah'Whitc  prcripicatc,  on  mixing  a  sobition  of 
f  maiti^atiesc  mtb  one  of  oyniiide  of  |)Ota.isium  ;  it  ru)ii<l1y 
jronn  by  ctpoauTC  to  the  air.     This  cyanide  is  soluble 

of  cyanide  nf  potaMiuot,  but  ihc  solution  alMuibs 
ntl  gradually  depc^its  oxide  of  mniiKaiiese.  Suhcyanide 
CUjCy,  is  a  white  powder  obtained  by  treating  nii  acid 
^^ubchloridc  of  copper  with  cyanide  of  pntassiitm  ;  it  is 
Vihe  dilute  nci'U.  Sidpbate  of  copper  yields  »Tith 
r  potaMiutn  a  brownish-yclloir  precipitate  (CuCy),  which 
U  to  give  off  cvauof;en,  and  become!!  conTerted  into  a 
ranide  (CujCT,CuCy  +  3  Aq).  Tlic  wme  salt  mny  bo 
in  bright  gT«cn  crystals  by  adding  hydrocyanic  acid 
ion  of  sulphate  of  copper.     Cynnide  of  copper  (CiiCy) 

in  excess  of  cyanide  of  potajstium,  with  au  evolution  of 
I  ftnd  formation  of  aubcyanide ;  the  eubcyanide  forma  two 
d  double  salts  (CUjCy,kCy),  and  (CujCy,  3  KCy).  The 
ht  tuurc  solablc  aalt  of  the  two. 

)  CjfanitU  0/  Sihtr  (Ag;Cy  =  i34)  is  precipitated  in  dense 
ciili  when  hydrocyanic  acid  or  cyanide  of  potnvsinm  is 
a  «a)at)on  of  nitrate  of  silrcr.  It  w  nearly  insoluble  in 
rii;  acid  even  at  a  boiling  temperature,  but  it  ia  soluble 
M,  and  is  decomposed  by  hydrocblorie  aciH.  ^Vheu 
Pur  it  mclta,  anil   at   a    high   temperature  gives  ufT 

leaving  a   reaidue   of  a   grey  colour^  which   retains  a 

S  ryanogpn.     Cyanide    of  silver    is    freely  Mtluble    in 

of  the  cyaniden  uf  potasHium,  sodium,  barium,  calcium, 

tium.     These  solutioiia  give  no  precipitate  with  aotutioiis 

'  chlorides ;  indeed,  cyanide  of  silver  in  di*solvwl  by 

:.L,a»  of  the  chlorides  of  the  metals  of  the  alkalies,  and 

It  is  also  soluble  tu  a  solutmn  of  nitrate  oC  «\\vs^ 

aolutuni»  of  ttie   ferroeynnidc  nud  fcrricja^xAc  ot 
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ore 


potassium.  Wlcn  frrrtw^yauule  of  iwlafe^'mro  m 
vciit,  a  <iirty  Wue  iireeipitatc  of  cyanide  uf  iron  is 
llqwid  Ijecomcs  «trouglj  alValiiic  ;  KjPeCy,  + 1 
a  (AgCjiKCy).  The  cyanide  of  ttlver  omJ  jmIm 
KCy=i99)  i»  niiliydrous,  autl  inny  \ic  obtained  M  add 
in  fiix-friilcti  plates.  Oircasionally  it  forms  rbomboHlal  jir 
1  Aq.     Tliis  salt  is  freely  mjIuIjIc  Ui  v--  5  in  hoiiji 

It  is  cjEtcusivclr  i-mpliiyeJ  for  electro-  _■.  siiwr 

if  iDt!M><]  witli  au  excess  of  cyanide  of  potui^iuoi 
inittcd  to  elcctrolyEie^  deposits  tilver  ip  oompnct  col 

(877)- 

(1385)   Cyanide  of  Mrrmry  (formerly   called 

JUereurg)  (IlgCy!=ii6).^ — ^Tbis  salt   miy   Ik  ptepar 

di»solving  ttie  rt^  oMtle  of  niercury  in  dilute  bydrocyj 

trliich  tbc  oxide  is  soluble  with  great  facility,  or 

mixture  of  4  pur  la  of  fiiitly-ptmderfd  PruKiiaa  blue 

oxide    of  mercury,  kIki   fitirly  Icvigati-d,  witb    40 

uuiil  the  undissolved  portion  lias  acquired  a  full 
the  filtrate  OH  evaptjration  yicld^  lliUL-yaiiiile  nf  mrr 
*Uo  be  [iificiirc'd  by  Ijniling  2  jwrt*  of  aulj.tiate  of  iu( 
(lart  of  fcrrocyauidc  of  potassintn  and  8  of  water  > 

2  K,FcCy,  +  3  (2  U80.S,0,)«6  HKCy+  2  (a  K< 
+  aFeO,S,0,. 

Cyanide  of  memirr  rrystallizcs  in  nnliydrons  nx'tan 
which  are  col  out  lc»  aud  trati:<parent.      It  has  a  nai 
ta»lc,  and  ia  rcry  poisoiiou*.     It  requires  about  H 
water  for  solution ;    it  is  less  Botuble  in    nnliiiw7^ 
nearly  insoluble  in  al)«(>liito  nicohol.      Cyanide  nf 
oompmcd  when  Iicotod ;  if  iK-rfcotly  dry  it  yield* 
metallic  mercur)',  and  a  residue  of  paracTADOgrn.     If 
bonic  acid,  ammonia,  and  hydmcyauic  acid  are  prodi 

Cyanide  of  mercury  dissolres  the  red  oxide  of 
and  fornix  an  orycy/nide  (IlgO.TIsCy)  which  oiyfttiUti 
■t  i>  sparingly  soluble  in  cold  water,  and  the  liipid 
reaction:     Cyanide  of  mercury  dot*  not  give  my 
oside  of  mercury  nn  the  nddition  nf  n  :  "'  lU.      \X 

with  siilpliiiric  or  liyd ixK-btoHc  acid  it  1-  .jioNnl, 

Iiydrocyanic  acid.     H  ib  also  decomposed  by  aolphi 
Cyanide  of  mercury  eiii 
of  thioridcfi,   iiMlide», 
oilier  mlu,  rwminii  iiiiK  iIv«;to  cri;» 
don  notoccsa\o\\  \wec\\r\\AU*  -Wttrnv  vw  a 
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cobalt,  nickel,  in&ngan«!te,  and  6tlicr  metftla  which 
lc»  iiiMiluhle  iu  wuter,  hiUi  the  exceptiuuofthc  sallsuf 
Croat  which  it  wvuldniipGar  timt  mercury  has  u  stronger 
Tor  cjoiiogeii  than  any  of  the  mctaU,  cxc-epting  pnlladiuin. 
p6)  Ct/attide  oj  Gold. — The //roiocyajiirf*  (AuCy  =  2a3"6)  is 
J  cyouiJc  uf  gold  which  is  accurately  kaown.  It  may  be 
1  by  *«v«ral  inethotU;  the  sinipWt  eoiisisti  in  kdiliug  a 
for  c>2uii]c  or  putautiuni  to  a  dilute  sulutiuu  of  UTchloride 
L  ao  loiig  »s  A  iirccijjitatc  is  occasioitcd.  It  is  a  icmoD- 
powder,  coniputied  uf  iiiicrusooiiio  Wxagonal  [)lHti>.  It  a 
\met\  hy  be.u  iuto  cyauo'^eu  uid  metallic  gold :  builiug 
lotplmric,  aiid  hjdroctiloric  aciils  dg  not  deoompOGC  it,  and 
rw  acEs  u^un  it  very  ajowly.  Ilissiohihle  iu  hyposulphite 
find  LO  liydmsulphate  of  amiuoui* ;  hut  its  moot  importuuC 
£s  cyanide  uf  pota&siiini,  ttitli  which  it  forms  a  doublu  udt, 
h.Cy=287'6}:  thi>  ooai^MUiid  cry.st%lliu;»  in  oolourlera 
\  oclohedrs,  or  ia  pearly  Bcalctt.  It  muy  he  obttuncd  by 
^g  either  the  cyanide  of  gold  or  the  oxide  of  gold  (pre- 
from  the  t«rchloridv  by  aminoiiiit]  in  a  solution  of 
potassium.  Cyanide  of  gold  Vi  abo  soluble  iu  a 
tbc  fvrrocyanidc  of  potassinm.  TIib  double  cyanide 
formed  by  diMolving  finely  divided  metallic  gold  iu  a 
I  of  pynnide  of  pot&.<^inm  nith  eipostirc  to  the  air.  Tlie 
faaide  of  gold  and  potassium  i»  largely  used  for  gilding 
ins  of  the  galvanic  bnttcry  (878).*  Copper  and  silver 
liDay  also  be  gilt  by  it  without  the  aid  of  tlic  battery,  by 
utHarsiau ;  {loitiona  of  cupper  or  of  silver  being  dbsolvcd 
Ae  opcmtion. 

tfi  CpaititU  i>f  Palladium  (PdCy  =  79'2). — Palladium  has 

DDwtoful  ttlliiiily  for  cyanogen;  vthcu  a  soluliouof  a  salt  of 

-  ■-  -riixcd  nith  one  of  cvanidc  of  mercury,  a  yellowiih- 

..utofcyauideof  i>kl1adiimi  ia  formed;  this  precipitate 

jthksohc'd  by  meauftof  cyauide  of  potauitim,  with  nhich 

a  double  salt,  vhicb  crystallizes  in  rliomboidal   pridois 

BCj+3A'l)- 

^Mtt^ Ifad  (PhCy)  is  white;  it  is  inHohibIc  iu  water,  and 

nonn  a  double  cyanide  with  cyanide  of  potassium  ;  it   is 

,  in  nn  exc(-«!t  of  u  solution  uf  this  ludt. 


ivi^w  tilt'  go]A  fnm  th«  ip«n1  fpWmu  eololiooa  hy  empo- 
rjti.".  ni\i[is  lli«  rmiilue  uiili   it*  own  wcIkUI  of  fiuely 
''  ■<inK  the  mass :  t\if  loa<l  ao'l  ilit-  ^oM  iitc  r<-dncva, 
.,  whirh,  tiiica  [Ti-atnt  with  ailtic  acii,  Icivij*  \\« 
lu  (V  »  u£,c  powder. 


i 


(A)  Eleclro-nejalive  Meta, 


(1388)  Cyanides  of  Irvn. — Little  is 
umplc  cyanides  of  irou.  When  crauiiie 
proUxtuIiiUatc  of  irou  free  from  iicroxLdc, 
partially  soluble  in  nculi  ia  formed,  wh 
the  protocyauide  of  irou  (FeCy).  Tbi 
by  an  excess  of  cyaoidc  of  potasau 
into  the  yelluw  ferrocyanide  nf  polassio 
obtained  by  dcoompouog  Pnissiau  blue 
Bulphurcttcd  hydrogen  appcaj^  not  to  b( 
BS  was  originally  supposed  by  Robiqne 
not  Ijeeu  procured  in  a  separate  form, 
chloride  of  irou  ia  mixed  with  one  of  cy: 
Cyanic  acid  is  libented,  cliloride  of  p 
precipitate  of  hydrotcd  aesqumitle  of  iron 
PrjCy,  +  i8  Aq  {1392),  TWwAw//'*  blue 
Fe,Cy,+4  Aq, which  Gmplin  terras  Prtat 
pound  cyniiidra  of  iron. 

(1389)  I.  Fkbrocvanides. — The  « 
combinatioit   with   other  cyanides,  gi 
dosses  of  compound<i,  which  arc  rqin-wii 
of  potash,  or  /erroeyaniJe   of  pvtatsi 
the    red    prussiate    of    potnsh,    or  fi 
(lC,.Fe,Cy,). 


Fprrorvanogeii 
(bjrpotUDlinl). 


Hrdro-frrrMynnicnciJ  . 
FMTOi^yaiiidv  of  )iotaMrtiiii 
FMTOCTanidcorioiliQni  . 
Breritra  wkilc  atlt.  or  for- 

roeysniile   of  pntnuittm 

and  iron 

Ordiriftrj  Pi-uuIbb  bine   . 
Basic  Prawisa  blno     .     .     , 
F#iTocy«nidc  of  potaaiiatn  j 

Bitd  iMtrJiim  .  .  ,  ,  ] 
FcrTocyauidKofmppn  .  . 
Ferrocj-Miide  of  potai«inr&  > 

•ad  cppp«r i 

PoTTOcjuidir  orioad  .    ,    . 


FcC,N, 


H,C,N,Fe 

K  C,  N^pp  at, 
£,C|f4^tFv4 

C„K.F^+ 
KR.C.N,Ff+j 

KCu  CN,F». 

Ph|C,W,Fe-f 


Licbig  Donitidorfl  that  tbcM  t<rn  rl 
BCparnic  radidoi,  frrracyamtgen    i 
fPcjCy,=  FdcyV    '^«  ftt»t^  Ch^  — 
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IJc;  bat  neither  of  th«sc  bodies  liultccaobtKincdtnaeepiLrate 
.  Tbc  li;putlic&u>  of  tlicir  aislcncc.liciwcver,  ufTiinlH  a  oonvciiiciit 
ofrcprit^ctiting  tbc  com|>«sitioii  of  tlic  double  cyatiidcft  into 
thpy  are  Aiiiipoiied  to  enter,  and  pre«tly  facUitntc*  tlic  study 
dnlt<t,  wbicli  arc  uumcrous  aiid  important.  Tbc  preceding 
-'■  c   compositiou  of  aooie  of  the  coiupouuila  of  the 

?{ydrofemcgauic  acid  {W^cQy^. — Tliis  compound  was 
mUIv  ubtsiiicd  by  Porrett,  by  the  dccotiiposition  offerrocyBiiido 
>rn,  by  mcAn»  of  tartanc  acid,  A  better  plan  consisto 
^  a  cooccntmtcd  aqiinouii  solution  of  the  fcrroryaiiidc, 
to  expel  the  air,  nod  Uitu  aJloniug  it  to  coot  iu  a  vcmcI 
•itli  B  good  cork  to  exclude  air.  Ethrr  is  then  added, 
nccu  of  hydrocblorin  acid,  nliich  lias  alM)  liecn  deprived 
It;  boiling.  Ob  agitating  the  mixture,  chloride  of  potasnum 
ic^  aud  remains  in  eolution,  and  white  scales  of  hydroferro- 
Bcid  are  dei)oaited  ;  K,FeCy,  +  2  »C1=  lijFeCVj  +  a  KCI. 
cTvetals  must  be  washed  with  a  mixture  of  alcoliol  and  ether, 
ricd  in  racao  over  snlphniie  acid.  Licbig  adds  by  degrees 
lid  itaturuted  solution  of  ferrocyanidc  nf  potasmum,  sn  cqiml 
hydrochlnric  acid  ;  the  white  precipitate  of  liydro-fcrro- 
thuB  obtained  miist  be  washed  with  hydrocldonc  acid, 
vaevo  upon  n  tile,  and  cntBcd  to  cr^MalliEc  from  its  solution 
I  by  tbe  addition  of  ether, 
ferrocyanic  acid  is  dibasic.  AVbeu  exposed  to  tbe  air, 
oxygen  and  becomes  blue;  its  xolucion,  when  boiled, 
liy  drocyouic  acid  and  deposits  a  white  insoluble  matter 
ing  botb  imn  and  cyanof^cii.  Tliis  body  bcccitiies  blue  in 
It  U  probably  a  protocynntdc  of  iron,  and  by  expofurc 
'  it  abftorbm  oxyg<m,  liecoming  converted  iota  basic  Fruasiaa 
tI  '->-  is  a  compound  of  »es(|uioxide  of  iron  and  of  true  Pruasian 

,  -y  +  30=.(Fc,Cr,  +  Fe,0,). 
1391)  Ferroci/aMide  q/  Potassium,  or  Priamale  of  Potash 
■^-  •- 3  Aq  =  i84  +  27). — This  iro|iortant  »alt  is  met  with  in 
•.arly  in  a  stote  of  purity.  It  is  formed  when  axoti^ed 
^src  beatcil  to  rcdncrjis  with  rarboiiatc  of  potasb  and  iron, 
^B  (brtiicd  when  a  prolo^alt  of  iron  is  mixed  with  a  solution 
Kb  supersaturated  with  hydrocyanic  acid.  It  is  manii- 
BO  0(1  a  lar^  scale  by  heating  dried  blood,  bnnis,  iiariugsof 
...1  ...1  .-r  titiiniul  matters  containing  iiitrogeu,  with  an  crjunl 

'  inte  of  potu«h,  and  about  oiic-tbird  of  their  weight    ' 
in  a  covi^ffd  iron  pot.      Part  of  the  carbon  nM 
•jii  i-~v'y'i  ia  combmtttha  irjiJi  ojijrgcn  unci  witU  hydrogcft  *i 
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carlionic  acid  and  ammoiiia,  while  aaothcr  portion  enters  into 
1)iuat)oii   with  iltc   potnssiiiin,  itnd   thU   wlien    treated    witli  iri 
Btlacks  llie  iron,  rurnilng  a  nalt  uliicli  inuj'  be  oliluiiird  from  4 
eolutiou,  in  Utrge  Iciiioii-ycUow  ubular  crvetaU,  whicli  coutwo; 
cijuivalciita  of  witter.      Tliu  s&lt  is  tougli,  anil   splits   ioto   Looiiim' 
with  fiirility. 

Tlje  rcuctioii»  bj  which  the  ferrocyAnide  is  praduccU  arc 

plicAteil.      \Vhcii  Bitimiil   mnttcr   is  heated  vitli  potiutli  and  if 

(^aiiog*"!!  i*  formed,  which  enlrrs  into  conibiii:Uioii  with  the 

until  forming  cjaiiidcur  [)utiis»iuiu  ;  but  the  teiuperiitureeTnpli 

is  too  high  to  allow  of  the  fonnatioD  of  fcrrocyanidc.      A  var 

4]tiRntity  of  the  iron  i»  nt  the  uimc  time  converted  into  Bulpl 

owing  to  the  iiftion  of  the  nulphide  uf  potassium  (produced  hy 

re<Iuctio)i  of  the  sulphate  of  [lotash    in   the  pcarlash)  upon 

mctiil.      When    the  innsj*    is   lixiviated,  the  cyanide  of  potAsni 

coQtuined  in  the  mixture  altaclca  both  the  metallic  iron    and 

Bulpbide  of  iron,  lecoming  couvertcd   into  fcrrocTaoidc  in 

folloniiig  manner : — a   ^olntion   of  cj-mudc  of  pot:i!*»ium  di» 

metallic  iron  with  evolution  of  hydrogen,  hydrate  of  {lotaali  beil 

set  at  liberty,  whilst  fcrrocyanidc  of  pota^ditim  is  formed  ;  6  KCj 

+  Fe.  +  2  njOj=3(KjFcCy,)  +  ilj+2  (KO,IlO):  and   the  acbon 

of  cjani<le  of  potofHiiim  upon  the  protosnlphidc  of  iron   may  b» 

llius   represented;    3  KCy +  FeS=K(FcCj'i,  +  KS.      Protoxide  o( 

iron  is  aUo  readily  dissolved  by  a  solution  of  cyanide  of  potasahlfly. 

whilst  ferrocyanidc  of  potn^sium  is  formed  ns   iu   the   pr 

cases;    3  KCy  +  FcO+UO  =  KjFcCr,+  K0,H0.      A  know! 

of  these  reactions  explains  tlio  fotniKtion  of  the  fcrrocyanidc  d 

tlie  lixinatton  practiced  in  tbc  course  of  the  inauufacture. 

The  iron  in  the  ferrocyanidc  docs  not  perform   the  put 
1)05?  ;   fur  when  a  solution  of  tliii*  ttolt  i^  snbmilted  to  elect rolr>ti| 
the  iron  nceompnnics  the  cynnogeu  to  the  negative  electrode. 
iron  cuuriot  be  thrown  down  from  an  aqueous  solution  of  the 
by  the  addition  of  any  alkaline  solution ;  but  if  the  alkaline  \u\ 
be  boiled  with  oxide  of  mercury  the  iron  is  separated  in  the 
of  hydrated  sestpiiuxide. 

Ferrocyanidc  of  jiotassium  is  uoluble  in  about  4  parts  of 
water,  and  iii  i  parts  ef  boiling  water;  but  it  is  insoluble 
»lcohoI ;  the  addition  of  a  solntion  of  potash  to  its  [u)uoo(ib 
tiou  causes  the  separation  of  a  portion  of  the  fait  iu  crystalh' 
flakes.  Femitrynuidc  of  polaaiinnt  i»  not  poisonous;  it  has  a 
saline  hiltemh  taste.  "When  heated  to  21a*  it  loses  the  whob 
of  its  nater  of  cry^tJlll iration,  and  enimhlcs  to  a  jclloiiish.wJutt 
]>ow<lcr.     When  UcaVci  \*j  «I^\a:w  \n.  t4«&«d  \csscls  it  fiuos,  U^ 
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at  a  fuU  nnd  prolonged  red  lieat  undergoes  partial  (Iccompwitton, 
nitrc^cn  being  evolved,  shiUt  cyanide  of  pntiuwiiim  and  carbide  of 
troD  arc  obtained.  WKen  dri<*d  nud  lieatod  with  peruxido  of 
maiigaiicM,  eyanatc  of  potasli  is  fornied  (+n). 

Fcrrocyanidc  of  ]iotas!*iiim,  wlirn  distillpd  witli  sulphuric  ocid, 
furni^lieit  iilinndiini^c  of  lirdrocj-anic  atrid  ;  t)i<r  il«M,-«in|Kmit!oii  uliich 
attends  the  reaction  has  hecn  already  explained  (Mo/e,par.4C>t).  \Vlicn 
beatcd  with  concentrated  oil  of  vitriol,  the  salt  i»  dpcompoK-d  into 
carbonic  oxide, and  u  mistiirc  of  the  suljdiulwof  potiuthjof  ammo- 
nia, aud  of  protosidc  of  iron  (303).      When  fused  with  d»y  carfjoiialc 
of  potash  the  ferr»icyanide  furnislies  a  conveuient  source  of  cyanide 
of  [HjlAN'ium  (1381).     Ferrocyaiiidcof  potaftMum  is  niunufucturecl  in 
large  quantities  for  ii*e  iu  iljeing  and  calico -priutiii}j  j  it  piodueea 
a    lieaiitifiil    bright    blue    culoiir,  wbii-Ii,  however,  will  not  benr 
nabbing  nith  alkaline  solutionis,  or  irith  vonp.     It  is  u»cd  also  iu 
the  prejiaratioti  of  Priiiwiiiii  blue,  a*  well  us  in  the  processes  of 
electro- plating  and  cleclrD-gililiiig.     It  is  tlie  «)iircc  from  vhich 
tlic  coiDpounrlu  of  cyanogen  sro   unnally  obtained.     An  aqueous 
folution  of  fcrmcyanidc  of   potntwiiim  prodnce*  eharadcristic  prc- 
ripitnte*  with  many  of  lie  metallic  salts;  it  i»,  consequently,  ex- 
tensively employed  as  a  qtiulitiitive  test  for  indicating  the  presence 
of  mclnllic  bodies  in  solution.    The  precipitate  };enerally  coiittiitA  of 
a  ferroeyanide  of  the  metal  by  which  the  precipitate  is  occasioned  ; 
osonlly  the  2  atoms  of  jMtassiuui  in  the  fcrrocyanidc  arc  displaced 
by   3   e(|iiivnlciil9   of  Eomc   other  metal,   C'ttch   ns   colmlt,  nicUcI, 
copper,   or    lead,  yielding    precipitnteft,    CojPeCTj,;    Nijt'cCyj; 
CojPK'ys ;  PbjFcCy,.     The*c  precipitiitc s  are  apt  to  retain  por- 
tion* of  ibc  fcrrocyanide  of  potajs'ium,  from  which  it  is  diflietiU  to 
free   them    even    hy   long-coiitiutied    wa.Htiiitg.      In  a  few   cases  I 
■torn  only  of  the  potassium  in  fcrrucyaiiide  of  |H)ta»inin  is  dis< 
placed   by  an  atom  of  eooic  other  metal,  with  which  it  forms  an 
iuai-luhlc   precipitate,  as  hitp[K'iis  when  a  n^lt  of  baryta  is  precipi- 
tated ;  the  yellowiah-white  predpiiate  consisliug  of  (KBa,FeCy, 
■fjAq).      Tlic  insoluble  fcrrocywiidca  cannot  be  precipitated  iu 
tlk?.line  solutions ;  the  liquid,  in  nil  «»»«»,  should   be  Blightly  but 
(!i»tiiietly  acid.     Many  of  these   precipitates  are  white,  audi   as 
ihofc  of  line,  cadmium,  nickel,  manganese,  tin,  lead,  bismuth, 
antimony,    wb-cr,  and   mercury;  with   iho  exception  of  those   of 
eadmium  and  maiiganesp,  they  are  insoluble  in  dilute  hydrocliloric 
acid,     The  most  characteristic  precipitatca  occasioned   by  fcrro- 
tyiinidc  of  |>Dtas«iutD  arc  the  following;— With  the  salta  of  cobalt 
it  girea  a  yelIowi»h-grccn  ;  uith  protosalta  of  iron  a  white,  bccom- 
iug  blue;  witb  jienaJts  of  iron  a  deep  blue;  «i\h  ui^Xft  ot  cov\tci 
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&  reddish-lironrn ;  and  with  salts  of  aranium  it  also  giro  ktiio^^ 
precipitate. 

(1392)  Tlic  most  important  of  these  inBolulilc  ferrocranidts 
the  comjKiutiil   liirgcly  euipIoTcd  as  a  pigment  under  the  tume  1 
Pm^^an    blue    (Fe,Cy,+ i8"nO=Fe^Fcy3+ 18  Aq).      Whcnne 
fcrrocyftnidc  of  jtotasniiini  in  mi!i(!cl  with  a  sulublc  |)crsalt  of 
this  beautiful  blue  prccijiilate  is  produced  ;  2  alonis  of  the  per 
persulphate   of  iron,   for  example,  stid  3  atoms  of  ferrocyaniJ 
of  potassium  undergo  decomposition,  so  that  the  place  of  tlie 
Gtoros  of  potassium  is  supplied    by  4  atoms  of  iron ;    aulpb 
of  potash  remaiDB  in  solution^  wliilat    tlio  Prusnnn  blue  Is 
cipitated : — 

Prnnlphttref  inn.   Ttrotf,  p«lami.       giilpt  l^Mh.       PriuMMbla*. 
a  Fe.O,.3S,0.+3"(KjFo7j  =  3'(3Kb.9,OJ+Fe».Ffy^ 

The  composition  of  Prussian  btnc  seems  to  be  rather  auomalowi 
but  if  taken  as  Pe^Fcy,.  it  cori-esiionds  to  tbc  M^quicbionde  ilVjCl, 
=  3  FegClj),  Mucc  ferrocyanogen  being  a  dibasic  rwlicU',  it  reqi 
4  Fe  instead  of  2  Fe  for  ils  oaliiration.* 

\^'hetl  large  quantities  of  Prussian  blue  are  required,  Liebi^ 
iccommcuds  that  11  parts  of  crystallized  protoeulpbate  of  iron  bo 
dissolved  in  natcr,  nnd  di%-ide[l  into  two  equal  portions ;  one  pait 
is  then  to  he  mixed  with  2  parts  of  hydrochloric  acid,  and  vhl 
of  lime  is  gjailiinlly  to  be  added  until  the  whole  of  the  prutc:;..  - 
»  converted  into  peroxide  j  it  is  then  to  1>e  mixed  with  tbc  other 
portion  of  the  solution,  and  a  solution  of  10  parts  of  fernxTaiiiile 
of  potassium  is  to  be  added.  The  compound  thus  obtained  is 
not  a  pure  Hiibattnncc.  It  may,  however,  be  prepared  in  a  state  of 
perfect  purity  by  mixing  a  sohition  of  sesquichloride  of  iron  with 
one  of  hydroferrocyaiiic  acid  (Wil)inmsoii)'  Commercial  Prusiiui 
hlue  is  gencrnlly  contaminated  with  alumina,  and  sometimes  vilh 
cbnllc,  piaster  of  Parin,  and  etarch.  It  always  retains  a  portion  ot 
fcrrocyanide  of  pota»sium. 

Prussian  blue,  as  met  with  in  commerce,  occnm  in  cubical  or 
irregular  masses  of  a  dark  blue  colour,  which  when  pr<>tucd  nith  1 
hard  body  acquire  a  cop]>cry  lustre  resembling  that  of  iudigu. 
18  insoluble  in  water  and  in  wcalc  acids,  and  has  neither  ta^te  dot 
smell.     After  it  has   been  washed  wilh  dilute  hvdrocbloric  atiil. 


*  Ocrhardt  and  Lauretit,  stortinf:  frrnn  the  TroI  that  iroo  ttetptb^cf 
entcriail  into  ccrnbiDation  in  t«a  iiroportions,  sebuiiio  tliat  it  |)0«h«>- >  '  ' 
iliflVrvnt  P(|aivaI«ntBUMbrnt:  Vc—  jS.  nnil  fo  =  1  t>criS-6i  sud  su; , 
tisAi  tho  poriioa  of  thfiroii  In  PrusMsubluo  wlitcli  liHsd>*pWMllli0paiuj"^ 
h  in  t  he  t'onn  of  f<-,  Vru»»vt  btuQ  bvootnc*  a  coiiipvunil  wf  ll»g  mom  orirr  — 
A-rrocyniiide  of  poias«v;iiii,  ai\i  ina-s  ^«  wv"***>''^^l  ^^^  ^arauila,  fe^  FtJ- 
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jijr,  horercr,  be  rcudcred  soluble  hy  trituratiair  it  vitli  ono 
of  iu  weight  of  crptollmKl  oxalic  aciil.  Wliou  ctiis  is 
ritli  furtj  tir  &fiy  i>arU  of  water,  it  rorinn  ii  Uue  wlutioii, 
u  [licd  ai  a  nriliug  juk.  Prussun  bluo  is  aUo  eolublo  iii 
aolutioii  of  tartrate  of  ammoTiia,  forming  a  vioLet>cuIoarcd 
It  in  decompoocil  tvlieti  treutod  witli  ulkalie^  or  alkaline 
iaies,  uxidc  uf  irou  being  Ubcrutud,  and  ferrucyniiiile  of  the 
metal  retnaiuiiig  in  »i]ubiou.  Oil  of  vitriol  protlttocs  a 
pvny  moss  wlicu  Erituratctl  w  itU  Priwsian  blue,  but  on  the 
of  rniter  «ulpburic  acid  is  separated,  and  the  blue  (ligucat 
Inccd.  rnissian  blue  is  diixiuposcd  when  heatctl  irith 
tied  sulphuric,  nitric,  or  bydrocULinc  acid:  it  in  at«o  dt;- 
bx  die  action  of  dibriQC.  Wlicu  boiled  with  red  oxide 
:iuy,  cjbukIc  uf  niercury  ia  pmduccd  rrcI  »c3quioxide  uf  iron 


bluii  contains  wiilcr,  which  cannot  be  cxpellod  bjr 
tout  decomposing  the  campoiiud.     If  heated  in  cbc  open 
mm  kiudtod  on  tlk«  a|i|in>iu;]i  uf  uti   ijpiitcd  body,  aiid 
tinder,  h'aviug  a  n»iduti  of  [icroiude  of  iron, 
lulilr  I'rttmian  blue  may  he  obtiiincd  by  pouring  pfTchloride 
oil  CkcVM  of  fcrAKyautdc  of  potKwium  ;   tlic  preclpi- 

. ahW  in  tbe  wdiue  li<|uid,  and  lu  solutionsof  saltn  geue- 

|bat  It  iA  freel;  soluble  in  pure  water. 

)3)   ^VbcQ  protovalta  of  irvu  nrc  mixctl  with  a  eolution  of 

tide  of  )>olav«iam,  a  grceui-ih-wliite  precipitate  in  furmvd, 

i  appears  to  b^*  thu  «aiue  as  Kverilt's  wbit4!  salt  [iO^],  aud 

rvgardcd  as  a  coui(K>uucl  of  uyuuidc  of  irou  and  fcrrocynuidc 

ium  ;        3  K,FcCy,+  2  FeCl=(K^FeCyj  +  Fc3FeCyj)  + 

VChea  tlua  white  tubstaiioe  is  exposed  to  the  air,  tlic  cyauida 

I  becomes  oxidised  and  tunu  blue,  and  a  compound  is  furuiud 

.tusic  PruMian  blue  ;  it  consiKtft  uf  one  aloiu  uf  M^quioiido 

ibiucd  with  one  of  Prussian  blue :  the  ferrouyauide  of 

origiiiJilly  present  in  the  nliitc  oompcuiid  may  tlicu  be 

Pvway.     The  cltiuige  which  oocura  itt  probably  Lite  followinjj, 

tioj;  tlio  furrocyaiiiiie  of  potatttiutn  of  the  precipitate,  as  it 

ted;    3  FcBl'tCy,+30=(t'c,Cy,  +  Fc,0i).     A  strong 

ijB  tlie  acsquiuxtile  of  iron  from  ba^ic  Prussian  blue,  aud 

!  it  into  ordinary  Prussian  blue. 

94)    X.  t'luiMiicxxjiioLs,  or  faTiq/anidca. — Fcrrictfcmde  of 

tM,  or  ^if<i  Prtwiate  uf  Polaah  (Kj.FejCvgSjay).— Wheu 

of  chluriuo  gas  is  p(ifi!«d  tbrou^L  u  dilute  solutioa  of 

tt  of    iKitSfiiiunii    tlic   litjuid    quickly    changes  co\omi 

»    0/  «   ''"V   rod.     If  i/ic  current    of   iVic  %»»  \» 
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arrested  eo  soon  as  the  liquid  ccaac^togirc  a  Llue  precipitate  ^>ifl 

the  pcr»L)is  of  iron,  tbe  solution  on  cv&poratioa  ylcItU  Disgnifiei!^| 

rut)}'<rc(l  cr^' stale  uf  femcynnide  of  |xita8»iiim.     In  this  process  ^f 

reaction  which  occurs  is  tlic  fullowitig;  4(KjFL-Cy^  ■hCI^'c  j(^| 

FcjC>'q)-t-3  KCI.     The  chlorlue  acts  by  withdawiog  oaC'rourthH 

the  potassium  foiitatticd  in  the  yellow  »tlt ;  cloritlc  nuA  ferricjH 

nidc  of  potassium   bcipg  the  rci^ult.       Tbv  crricyanldc  mar  H 

ohtaiiicd  hy  n  second  crystallization  in  traitsparcot  anhydrous  n^H 

rhoinhtc  prisms  of  a  hcautiful  red  colour;  aud  if  the  operatioofl 

performed  on  «  lar^  sculc  thimc  crystals  otla\  sttaiii  a  large  ai^| 

they  ure  soluhte  in  about  2\-  |>nrtd  of  cold  wntcr  ami  in  i}  P"^! 

boiling  vrntcr,  but  arc  insoluble  iu  alcohol.     If  the  action  otH 

chlorine  upon  ihc  fcrrtx-yaiiitlc  of  potassium  be  too  long  coQtini^| 

the  red  snit  i«  in  its  turn  piirtiully  decomposed,  niiil  a  gre«u  co^M 

pound  ia  formed  which  interferes  with  the  m-stallization  of  tfl 

rcil   88lt,     TKi»  green  comixmnd,  Recording  to   the  amtlrsi*  u^i 

PclouKC,  mny  be  rcprci'cntcd  by  tlic  fortnuU  (FcCy,F«>,Cyj+4  AS 

or  it  ia  the  matfneltc  cyanide,  correspoDding  to  the  maguclic  OtnH 

of  iron.     Ferricyanido  of  i>otas;>iuiD  is  pre[)aretl  on  the  large  tctk  | 

for  the  use  of  thi;  calico-printer;  bat  it !«  then  generally  obtniixJ 

hy  decomposing  ttit-  Kolid  yellow  miU  by  exposing  it  iu  powdir  U 

the  aelion  of  a  currant  of  chlorine  gas,     Ferricyaiiiile  of  puEa^tiino 

may  also  he  obtained  in  binall  quantities  by  decomposing  a  rob* 

tion  of  the  yellow  fcrrocyaiiidc  by  incnnH  of  llic  roltaio  liotteiy  U 

a  (li&pliragm  cell  (867)  ;  it  is  fomit'd  in  the  solution  at  the  (^M 

tive  electrode.     It  may  also  be  obtained  hy  acting  upon  the  yellfl 

pniiwiate  by  various  oxidlxing  agent*.  ~ 

A  solution  of  ferricyauide  of  potassium  when  mixed  with  U 

cicess  of  potash  furni»hc3  a  liquid  possessed  of  conside^ble  n- 

Idixing  power  J  it  converts  the  hvdrnlcd  prutoxtdus  of  mangao^H 

Icadj  and  tin  into  ])eToxiclc!i  of  thcM;  metaU,  whilst  the  ferricyan^l 

pRMes  into  the  condition   of  ferrocvaoide  of  polaasiuin  ;    3(|H 

^esCyJ+4(KO,nO)+a  MuO,S,0,=4  (K,,FeCy,)  +  3  KO,S,0,^ 

2  M»0,-l-2  IljO..     The  same  soltitiou  is  employed  by  the  Cahttl 

printer  for  the  purpose  of  discharging  the  blue  colour  of  {tid|H 

fVom  cali<.-o  (Iferccr).      The  red  pruwiiate  burns  with  tcintillat^l 

irheu  introduced  into  the  flame  of  a  candle.     Ferricyanide'^| 

potassium  produces  a  large  Dumber  of  insoluble  compouudx  «bH 

niUcd  with  the  nalu  of  many  of  the  metals ;  aud  as  the  cvloifl 

of  Ihcsc  precipitates  arc  often  chunicfcristic,  this  salt  is  freqnea^f 

employed  id  the  laboratory  as  a  qualitative  test  for  the  melaltfl 

neutral  or  feebly  acid  notulioiis.     Witb  satta  of  sine  it  ^\o  fl 

orange  precipitate,  vVik  W-.qw  (A  c»ik\n\\iis\  a  yellow,  vith  awLclfl 
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W,  with  oobalt  a  dark  reddish-brown,  with  copper  a 
ifitU  protosalls  uf  iron  a  brilliant  bine,  vitb  tiinn- 
t,  vitb  protoa&lts  of  tin  a.  vliite,  with  stiver  nn 
li  sii)Ha1l«  of  mercury  a  brownish  red.  Thc»>  pro 
ritti  the  cscepLiun  of  tboae  with  zinc  anil  tiu,  are  \a%o- 
lute  bydrocbWic  acid.  The  rollu-.Ting  tublo  exhibits 
dh  of  some  of  tb«  rcrrieyanidcs : — 


(bjpolb»- 

■iiiin  h.O.br. 

£B«,C,Jf.V«',+6H0 


01  f^r^liuin. 
Uil«<if»odrum 

tide    of    iroD 
.biiu)    . 


Fdoy 
B„Fdcy 

K,.Fdcy 
Njij-Fdoy-HAq 

KaFiicy.NajPiicy  uAq 

OapFac-r+z;  A<i 


itde  of  polai^iutn  givca  uo  precipitate  in  Iho  solutions 
Its  of  iron,  but  ft  splendid  blue  when  mixed  with  tbtice 
sails.  It  ia  B  »cry  delicate  test  for  protoxide  of  iron 
itiuii.  If  protOftitlphstx;  of  iron  be  cmploj-i^d,  the  cbniigo 
KlbcfoUomag:  2(K5,P.lcj)+3{aFoO,SsO,)  =  i(l-Vs, 
KO,S,OJ,  The  precipitate  which  ia  thus  formed  con- 
a  liigblf  v&lued  iiiid  briltiaitt  vnricty  of  Prussian  blue, 
;iallv  known  as  7\imbulPa  Blue,  Tunibiill's  blue  lony  be 
witcd  from  ordiiinry  Prussian  blue  bv  the  action  of  a  sjlntioi) 
^kon  it,  m-bicb  decomposes  it  into  fcrrocjanidc  of  jiotassiutu 
ttllc  oxide  of  iron,  whilst  the  ordinitry  blue  wbcti  similarly' 
JiU  fcrrocyaiiiile  of  )M>las6iiiiD  and  scsquioside  of  iron. 

an  find*  that  whcu  Ercrilt's  white  salt  (KPe,FeCy,) 

ritli  chlorine  or  with  nitric  acid  it  in  decora  posted,  »itd  a 

formwi  ( K  Fea>l''^if--yfi)  correapoudiug  in  eorapoiitiou  to 

blue,  but  coQtatiiiug  nn   atom  of  polas--iiuui   iti   the 

r  of  the  atoms  of  iron.     The  formation  of  this  aubatittico 

by  builtiig  the  white  precipitate  with  nitric  acid, 

twenty  purt^  of  water ;  as  the  liquid  approaches  the 

iC  a  copious  cvotutiun  of  biiioiidc  of  nitrugeti  occurs : 

of  the  white  mU  lu»e  one  atom  of  potatsiuoi,  and  the 

of  putassiutD  and  imn  is  formed.     C':u*c  is  required  to 

-  -■  i\  of  the  acid  from  prooceding  too  far,  otherwise 

.juire*  a  green  colour,  owing  to  the  fonnittiou  ot| 

tic  oyaiiide  of  iron. 

tHae ooapoand  is  treated  with  a  solutaon of  lUc  fc 
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cjuude  of  pot&KiaiD,  it  is  reconverted  into  the  ori^i"^!  "^ 

pouud.   aiiil   jiurc   fvrriq-ailiilo  of    polaBUum   ia   . 

liquid,    tiro   atoms   of  the  yellow   wilt  liMtug  »a  akuu  t 

Bium,  which  is  trunitferred  to  the  blue  cumpouiiili  KSt^f 

(K^FcCy,)  =  2  (KFcFeCyJ  +  K^FfjCy,. 

From   tlie  forcgoiag  Htntcraeuu  it  will  be  «ccn  tin 

diffcrcut  blue  compounds  containing  irou  and  ejranogcii  ail 

cored.    Tbccoiuimsiliou  of  these  liodics  aiay  be  tbub  rcprea 

OrdiiuiT7  PruHian  blue   .    .    Fr;Cv,+ 1 H  Jiq  =  Fei.Fcyj+i 

EiuioorwlublftdiWo  .    .    .    Fe.CT,.F&.0,+jAq  =  Fc.^"i-»-^<( 

'^i"^?S  "«d^l !  KMCCy.^xA,        =  Fe.K.Fd^. 

IJj/droferria/anie  Acid  (UjFdcy).— Tbia  compotmil 
obtained  iu  rcdilisb-bronn  deliquescent  cryotals,  by  crape 
the  litjiiid  in  wltich  firricyaiiidc  of  leftd  liu  been  deooto, 
means  of  diluted  sulpburic  acid. 

(1395)  3.  XiTBo-PBcssiDEo. — Wlicn  the  rajiour,  aol 
oxide  of  uitrogeii.  but  uf  uitrous  acid  (NO,)  is  tntnsinitled 
a  solution  of  bydroferrJcyaulc  acid,  it  n  absurbcd,  bydto^ 
Bud  a  ucuT  acid,  tbc  /tydroxUro-pnuaic  arc  formed 

HsiFCjCyB+NOj  =  H„Fe,CyiNO,-+  HCy. 

This  Rcid  may  be  obtained  in  crj-staU  with  j  Aq.  Go 
prei'cnta  the  cuuijxHiiid  as  ct>iilaiDiu{j  i  atuui  uf  oxygen  le 
given  iu  the  foregoiug  formula.  Tbeir  ooinjKMitioa  is»till  1 
The  uitro-pru»idc»  were  originally  pnxurwl  by  t^  I 
proces,  rceoiumoiided  by  Playfair,  by  vhum  tbcac  1 
covered  [i'hU.  'JYa/is.,  1849,  p.  481)  ; — 

Common  uitric  actd  is  to  bo  dilated  wilK  an 

uuter,  and  when  cold,  {uwiliTcd  fcrrocyauide  of  pot 

bo  added  iu  the  proportion  of  270  pirta  of  tlic  snl 

(j  atoms)  to  ^2i  piirtJi  (2  utotnit)  uf  tho  ferrucjauido. 

gTaditally  aiit>uineii  a  brown  colour,  cyaiiogeu  and  lirdrocyi 

are  libcratctl,»hil&l  a  briak  effervescciiec  occiirej  ■■  it 

(jf  carbonic  acid  aud  nitrogen,  aud  the  suit  i*  tli^:-.:..,.- 

mixtiu*  of  ferricyiuiide  and   lutro-jirusftidc  of  \'ra:ta 

jjitiato  ofpotaeU;  beat  intisl  be  applied  gr.. 

by  niwitm  of  a  irate r-linlli,  until   :■■-  '--ir»  ;■•  m 

liquid,  iuGtcad  of  giving  a  blue  ;  tr  ««itb  a  [>ml. 

prodtitts  a  dark  prtt'n  or  idate-Lui wired  , 

be  allowed  to  cw)V,  ^y  iK\rttV  xii*w\»  ifc  \-.  p.  .v_i»,, 


% 
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h,  mixed  witit  a  small  proportion  of  osaniidc  will  be  sej)*- 
Thc  atrjiiglT-coloimxi  lUJtbcr  liiiuor  wja  next  be  h«u- 
wilh  carlioiiatn  of  polssh  or  carbouute  of  soda,  by  illicit  a 
-broim  prnciptUte  U  ca*iMd ;  and  tbc  liquid,  af^r  filtrA- 
be  evapuraud  aad  allowed  to  cnrstalliM.  The  suJa 
Uisca  more  readily  tUaa  the  uitro^prosside  of  {wtassiuni, 
Faomevhat  dclkjucacenl,  altbotigh  an  aubvdrous  salt. 

of  Sodium  (Na^FCjCj^NO,  +  4  Aq  ?  =  261  +  36). 

U  crystallLse*  in  fine  prisma  of  a  rubj'-red  colour,  vrliich 

>iit  2^  phrta  of  cold  naU-r  fur  solutiuu.      Ibt  solution  is 

by  exposure  to  the  suu's  rays,  Priustui  blue  being 

1,  wliilst  biiioxido  of  nitrogea  eacapes.     Sitro-pnus'ttte  qf 

{Ba,,Fej,Cj-BNO,  +  6  Aq  ?)  ciy»Ulli»c»  in  fiue  octohcdra  of 

led  colour. 

IB  nitro-prDBeiden  girc  a  pate  greeii  precipitate  witb  salts  of 

aiid  a  flmli- colon  red  prccipitati;  nitk  thoM  of  stiver.    \Vith 

tiiu*  a  saliuun-ooluurcd  prcdpitate  is  produced ;  with  suits 

1,  a  dirly  white  ;  witb  talta  of  cobalt,  u  fleali-ooloured  pre- 

;   and  witli  protOMdu  of  iron,  a  salmon  •coloured  prccipt- 

fonncd.     Tlic  penalts  of  irou,  and  the  salts  of  trod,  of 

■lid    of    tin,    give    uo    preopitates    with    the   uitro- 

Cbloriac  is  without  cRcct  upon  Bolutious  of  tbc  aitto- 

bnt  they  arc  decornpo»«d  when  boiled  with  the  alknltM, 

:  irou  being  separated  aa  &  crystalline  liydratcJ  9cs<iuio\i<ie, 

I  aolutiou  becomes  oraiigc-coloured,  owing  lo  the  fomiatiou 

oocnpouiid  coutaioiug  both  cjaiiugcu  aud  iron.     Tlit-y  ure 

apoaed  by  boiliu^;  oil  of  vitriol.     If  their  solutions  be 

oxide  of  mercury,  biuosidc  of  nitrogen  is  erolrcd  and 

lof  Rtcrcui^  19  fornncil.     Sulplmretted  hydrogen  uIkd  de- 

thera.     The  nio»t  delicate  uail  characteristic  test  for  the 

tides  is  the  production  of  a   magnificvnt   pnrplc  colour 

witb  Eoltitiona  of  the  alkaline  Aulphiik-s.     Ttii«  eolora- 

e&treuiely  inteuM,  aud  may  be  cuiployBd  to  indicate  very 

cither  of  &  soluble  sulphide  or  of  a  &itro-pru»iilc 

bown'er,  speedily  di!iapi>car4.     It  uppearato  be  due  to 

Ion  of  a  double  salt  of  the  iiitro-prus^ide  with  the  sul* 

^tbe  alkaline  metal.     By  boiling  tbc  liquid,  nitrotulphidc 

,  and  oi  the  idlcuJtuc  metui  in  ubLained.* 


's^»fp%iiU»  ^  Irom. — A  rcmarkablo  plus  of  oomnoonda  nay  W 
I'tutina  of  nitrite  nf  potach  and  hydro«ulpfi«le  of  unmouta 
-"tt  'V.r^t^'m.  Attn,  dt  CAiMiV,  III.  lii.  aft,',).     If  to  a  iiiUluti; 
''ammonia  and  nitrite  of  pota»1i  atoUitWu  ot 
b 

r  Y 


■  of  iron  hn  nd<h-d  droti  by  drop.  keeitiuK  U\e 
j^itnui:.  I!  is/baoil  ihai  ol  raiaiug  (tie  lU^uid  lothehoiiU 
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(131^)  4.  CoBALTicTAitiDEs. — Wheu  the  cjanide  ofpotasriu 
is  addetl  to  «  sail  of  cobalt,  it  givat  a  reddish  brown  {)rtxi[Ht 
(CoCy),  which  is  soluble  iu  excels  of  cyanide  of  jiotaaaium. 
double  cjr&iiide  of  colnlt  and  [iota»s)um  (2  KCy.CoCy)  ttm>  obtain 
U  decomponed  ou  the  addition  of  bydrochtoric  ncid,  and  the  CTonldj 
of  cob&It  is  precipitated ;    bat   if,  previously   to   the  additioal 

iui;  point,  tbe  bla^tcUh  piv«initat«  whiA  in  nl  first  fArmtd  is  almoat  mti.. 
rci)i*«oUcd.     If  tlic  Rolutiou  du  l)oil«d  for  a  !fvr  luiuuUv  and  thcu  61t«rNLi 
ftxavmelydiirk  iKjuidrunii  tLruu^li :  tUin,  on  rooling,  dop»«iti  hard,  nsdj,  tf 
needte-sUuucdi'TjBlalBi  thcfUpcninliuitliciaidiircecatAOnlvaslixhtl^THIoirtiA 
Ifaultof  uirKi'O'iuioxideoririm  tK'ttil}fil)tuti'dfrirtiriir[irt))r  proloKid«,airaiiki 
ntoit  U  oblaiaed.  but  a('on«idi!ribIe((iifintilr  ofB^iltihiir  ii  f^fl  u j>on  Lbo  fibiC. 

Tbe  <?r7iliili  tUua  funiK-d  an- w  plUdi^fiucd  uliliijiic  prianiii  n-illi  *  rbonbii 
bes*.  Tbry  nrc  tildfli  and  o|>n[]iic.  rcry  bravv.  tpnnnfjlj  aolubic  in  mU 
waUt,  liui  Hfluble  ill  twice  tltcir  wciKbt  of  btnllu^c  wMcr.  Aicoliol.  vtd 
spirit,  fouKvl  uil.  and  roiiatitrulcd  ucelic  add  also  dimolrp  tbem  frcH-I^.M 
tliey  are  abaoIuU'ly  insoluble  cither  in  oblorcform  or  iobitolpbide  of  ni^-A. 
TIi<'  cfTrnt  of  oilier  upou  Llii-ta  is  remarkable  ;  thvy  iaiitasUjr  booomv  IiLiu'l  / 
expoBi'd  to  tlt«  vapour  of  cihoT.  mid  arc  eolubV  in  ctL«r  iu  almoat  uubautJ 
quautitf .  TtaoM  of  etbvr  or  of  aU-obol  iu  rldorofomi  cao  b«  detMitcd  vilk 
ccrUioty  by  aeilating  the  >|iminra  under  trial  with  n  frT  of  die  crjatoU.  If 
pure  tlu  Uquid  will  rcmaiu  abiioluu^;!}!  calourl«ii«.  but  ilia  prafaoce  of  od«  f«) 
of  alcohol  or  of  clbrr  in  1000  will  yivld  a  coloiinNl  lolutton.  Ttic^c  rrjf^ 
liBTS  a  brilliant  metallic  lustre  r  tb«ir  t«ate  i«  at  finit  inkj,  followed  bjr  s 
porn«t«nt  bitlnmcM.  Tliv  iiew  aalt  i*  i>cTniaRMit  in  air  coataiuiDc  alncttf 
amuioiiiti;  butiribraubstam^e  boiuthtfloaHts^idKradualdrconiifotitioaeaiilM 
and  niildf  fuiiir*  ari-  xivn  in  tb^  Ixitlle.  It  i<  not  dccomiKMedlij-  a  mnptn. 
tnrcof  III",  but  ifMiP  hont  be  gradually  inor«aaod.  it  is  rwdvcd  at  a  iitti*  W 
loir  aUo'  iii(oaul|)hur.  iiu!|)!iitcofummoniD.  nitric  ai^d.  nn<)  nttnteofiiBinunui, 
ICiiicini;  It  maiduD  of  Mil]>liiii(<  of  irun.  Wberi  lieatvd  almrpljr  it  ilcHajRBNa 
eiiiiltiu^  tvliilD  fum«s,nhiHi  liars  an  odour  like  tbal  of  biirniiix  j;anpo«dK 
Tlip  coucvcitrstrtl  nilneriil  aoid*  immediately  decompose  tbo  nitrosittplud*! 
but  ai-oiti*.  hyJroL'lilonc.  and  cKali^  fltida  buve  no  «ffrct  upon  it. 

Potuli  and  ammonia  when  nddnd  to  ila  aqnoooa  solutions  eaus«  a  drpoft- 
tlon  of  ibe  erynlals,  unaltered  in  rompuaitiun,  scarcely  suy  of  tlie  coraponai 
beiug  rvtatueil  iii  thv  liifuid.  CUorine  an<i  iodine  decompose  it,  caiui^  ■ 
aeparatioa  of  binoiidc  of  nitrogeo  ud  of  sulphur  It  is  also  imnudialC^ 
deooiupofed  by  thu  red  oxide  of  mercury  with  cvohiiion  of  binoside  of  «itft«Mi 
with  tn«  poroxido  of  load  it  yields  nitrnle  ofleadsud  sulphur  ;  it  iaalsodMOO- 
poMdhy  perutaogaasteof  potash  ;  solutions  of  nitrate  ornlvn-,  corrvaire  nW 
liraato,  viilphatc  ufi^oppcr.  uiid  >i-rquichtoride«f  inn  dcL-om|iotf  the  aotallai 
ofthiscompDUBdnilhcvolutiouofbiDOiideofQilroKenatidprPcipitaitonnft '  "^ 
■ultihides.  The  prottisulpliaU'  of  iron  is  aiihout  (rffert  upon  it.  ^'itli  r.i 
of  lend  it  jn^duslly  dtnoeils  oblique  rbombiMdal  prisma,  which  arr  *pa; 
•oIubl>>  in  irator,  soLubfe  in  ether,  and  dcli^ui-weiit  in  its  vapoar.  &< 
atthbuUut  to  Uio  black  crystal*  iho  follflwinj;  foruiuU,  i'e,S,n(NOjl,; — 

B]r  •MlruLMlna.  Sj  Ki|il. 

B*    or   SIM  37-36 

^   m      uv, 

»5       lotfoo  99'So 

TJi"  formala  auf^eested    for  the   eompntind  by  Koassin  la  (FeiSjIfV 

Fc8.NO,.H5).     The  remnrlinhle  poini  in  the  composition  of  this  snbitsQ''. 

which  liaa  beca  called  binitrotalpAiile  of  iron,  in  tluil  tha  iron  iii  not  indtalrJ 

by  ajy  of  tlim  ti«ua\  t^ata  n^W  m<^V,tui:huBmmouia.  fvrmcvaaidenf  tiMwl 

atum,  or  hydro*ulybnt«  o^  atntaMw.*.    \l\v\w\M<.\K&.'«iwJh*.«wuae(ilrat<pd -•'3- 

(100  of  caustic  BOaa,  atin»'i\via  '»  iAW&%vit\  i&  ite'u^&wsibkW&.ctv'M-t--.-^ 
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It,vdroc1iloric  acid,  it  W  exposed  to  the  itir,  it  abeorbs  oxygen,  potash 
tiberateil,  and  ooliallicyauide  of  |)utu»i(im  is  produced  : — 
8(CoCy,3KCy)  +  3U,0,  +  0,=+(K,.Co,Cy,)+4(KO,H0). 

this  vliaugc  bos  occurred,  the  addition  of  hydrochloric  acid 

s  no  |)rcci|)itate.     I'he  cobalticyuiide  of  iiota«i<iuiu  corresponds 

composition  to  the  fcrridcysiiidc  of  the  name  inctiil.     A  hydro- 

balticyanic  acid  (n„Co,;Cy^}  nmij  be  obtaiiicfl  by  decomposing 

obalticyaiiide  of  copper  with  iiulj)liiiretted  liydroj^cii. 

Cobalticyoaide  ttj  Poiaiaitmi  (K^jCOjCy,). — This  salt  was  di*- 
hy  Gnidin.      It  crj-stalliKce  in  yclloffish  Dflttciicd  priamsJ 
ih  are  anhydrous,  and  i-toitior[ilioiis  with  iiiotc  of  ftirridcvanidel 
'  potassium.     It  is  8|]ariagly  soluble  in  water.     This  salt  may  be 
iitaincd  cither  hy  dissolving  cyanide  of  cobalt  in  an  excess  orcyai)ida,j 

•(jniniidc  of  iron  in  ilopmittt-H.     The  coliilioti  coalaing  it  npw  naU,  nKifb.  OKI 
rK{>i>nitioii.  i»  drpMiWd  m  ^lock,  wd]-do6u«il    crjutalB,    aggrpgatod    ia 
nrorU-^  bolivw  fqiurc  pvramidt.     TLis  cull,  suiphttrrttvd  nUroiulj)hitif  ^ 
ran   aid  toUum  (3 NaS-V"? jS,>"'Oj)  ia  aolublr  in  a  loliition  of  sodo,  bui  in- 
OlubteitmuRticpoUllt  or  tuimiomn.     It  i«  d(i-uinpi»cil  by  m^tsllio noltitionp, 
»d  hj  iodiiK^  n'itU  evolatioD  of  binoxiilti  of  uitrog^u  iu  a  taaDiier  v«fy  viiuiUr 
TwI  in  vliicl)  Uie  same   e»mpc)urn!]i  bcliuvp  to  th*  binilroaulpliiHc  of  iron, 
in  divomiKAr  tho  *(tlt  irith  facility  nt  oriUnAry  tnmpcrntiirm,  and  OCCMion 
dc]>Qfition  of  nrc<l  floaciilrnC  iiiliiilriiic;i!  (Fc|f?,,NOj,  4  Ht^?)  nhkliroiidil/ 
iN.aad  should  be  irDsh^d  U'ilh  a  wpuk  folutioDorsuIphitretted  hydrogen. 
alOB)l*d  irnaliinK  it  lowj  a  portion  of  it»  inlphuwUed  hydrojten. 
b»  •ubstsniM)  is  solubto  in  nloohnl  nnd  in  rthor  ;  wlion  dry  it  hpoosiH 
ir*r]y  dccompovcd.  ciniUiiii;  rumt^a  uf  biiii>xiilo  of  uitro^'eu  an-l  Kmmouiu,  utd  ' 
■line  a  residue  of  (Hlphidc  of  irnn.     It  in  nnlulilr  Iti  volutions  of  tlir  ulkalit« 
iwulatia  tluMeof  thpir  oarhonalaB  and  lulphiili?!.  producioR  aalti  aoalo'^ 
>  U>  tb*  Aomponnd  with  undium  already  doscjibod. 

\itrvmlj>tiJe  '•firuii  (FojSjNOj).     Tliie  eonitiound  \»  obtained  by  decoin. 
ling   tbp  fowi^mg  »odiiim  coinnound  (^  NaS.Pe.jS.yOj.l  bj  adaiiijR  gra- 
il ly  dtl  Die  sulptioric  acid  to  a  boiling  *i>lutiou  oltuo  salt.     >iulpbu  rat  (I'll 
,  drugcn  is  erolrwl  in  tt1iiiTiiUiN:e.  and  tli«  uitro^ulpbide  of  iron  la  preci[;i* , 
lUd  in  tli«  form  of  a  black  hrnTy  jiowdcr.     It  \t  intoltible  in  wsUir.  in| 
twl.  ami  io  (^tlier.     It  in   porniBiL«<tit  wliiU- inoial,  but  if  drtod  U  i^mduHllf 
>ni|KW(Hl,  with  cToliilion  of  binoisiilc  of  nltrfgen.      TiVlim  dry  nnd  ircslily 
iar«d  it  burud  like  tinder  if  loudiC'I  irilli  nn  i|;iiitedboily.  ItisaolublciiiThD 
Ijps.  Hnd  in  ihrKiilpliidrnof  tin*  ntkalinf  mMnln  forniinca  Deirolasf  of  nail*.  ] 
frSodtumfroiuj^ioundtKi^jSiNU^.^'aS.tlUlt^tasilyobtajnpdassDintpnitdydsrlc  ' 
I  «ry*tntlii)C(ob«tanr^c  orniPtullic  luatrc',  by  diMoKioR  tiitrixulidiidt'  of  iron 
itfnipbido  of  sodium,  and  allt'iriii);  tlio  not  iitiQntcirrTnlalHinoTimiulpIiime  acid. 
An  Jnl«TC"tin||[  rclulton  lim  been  obsi-rt-d  beticVfu  tho  nilroaiilpliidci  anil 
t  iiitroprussidcB.     The  cr^sKils  of  botb  cbuiKt-x  Ixrkmi:  lo  tha  obliquaj 
riamalie  »j'*i^tii-    If  a  aolutioa  of  the  nitrosolpbide  of  iron  and  sodium  bs  1 
._Bis<^  with  on*  of  cynnidoormprrury.  *u]pliidc  of  meroory  \*  precipitalod.  . 
and  nitropnuaid^  of  Hodiuiu  \»  obtuicii'd  in  eolotion.    On  toootbor  baud,  if 
ailroprusoidc  ofKidiun  in  nolittiou  bi-niUi'd  wilb  an  pxcedsof  an  alkaliue  »ul- 
pbidv  a  mag oificnil  pur]dp  rnjlour  is  producud,  wbiuli  pmicK  uii  boiling  into 
■  a  rvddisb  ^MU,  and  niLTuiiibihiJi?  of  irua  and  sodium  is  forined.  wbiUt  siil[iho- 
^kaaide  ot  ibp  alknlinp  tnctal  rf^maius  in  Holution. 

^F   ^10  diirf  point  uf  inti-rvsl  iu  tbes^  nitrO'SulpKidvB  ofirOD  i«  th«  coiupl«l« 
^^miin  I  in  wiiicli  tlio  prc«onfo  of  iron  ii  niiuiked,  and  i^ndcred  inipo«*ible  of 
,  detection  li)'  tL«  urdmury  laA6,  tbo  iron  lu  these  salts  being  Hpv*>^titl5  C£i%.- 
^inrd,  as  in  the  ffrrocyaoiiJes,  iu  [lii-('lcclr<>DP^slU'epoil.louoll.u>t  comY<i^u>i^ 
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ofpota»siuni,a»dcspryringittotheiiir:orbj'die-<Alringbj'clnktKl 
of  cobstt  *)y  the  aid  of  a  gentle  lirat  in  asolutiau  of  potuh,  sapi 
turated  uitli  hydrocjaiiicscid;  iu  Wthca^HOJiygeD  U  alworba):' 

S(CoCj,KCy)  +4  K-Cy  +  4  HCy  +0^=4(K^Co,CyJ  +  a  H.O, 

The  corrMiwniling  salt  of  lodium  (Xft^CojCy„  +  4  Aq)  cry; 
lizea  in  long,  transparent,  colourless  DcedleR ;   tKat   of   baryta' 
prisms  vitli  6Aq.     Solutions  of  these  cobnltieyantdc* 
prccipitatt.'s  in  a  large  number  of  metallic  salts.     Coljulticy: 
of  lino  ia  white  ;  that  of  nickel  is  gelatinous,  aod  of  &  pale 
that  of  cobalt  is  of  a  pale  red ;  that  of  copper,  of  a   pale  h! 
those  of  the  protoxide  of  iron,  manganese,  and  tin,  and  th 
silver  and  of  auWxide  of  meKury,  are  white  :  salts  of  lead  gi*c 
precipitate  with  the  soluble  cobalticyanidcs. 

(1397)  5.  Chkouicyanides. — Salts  uf  the  green  oxide  of 
mium  yield  with  cyanide  of  potassiuiu  a  pale  bliiitb  grey  {mo- 
pitate  (Cr^Cyj),  which  is  oot  K>lublc  in  cxccm  of  cyaoNte  d 
potOKtium  ;  hut  if  a  mixture  of  hydrated  oxide  of  ohromium,  «itb 
a  solution  of  potash  and  au  excess  of  bydrocyanic  acid,  be  espotwd 
to  the  air,  the  liquid  acquires  a  reddish  brown  colour,  and  a  clif» 
niicyanide  of  potae^ium  is  formed  (Becknianu),  corresponding  Is 
the  frrricyauidos  and  cobalticraiiidca.  These  salts  are  of 
imporintice,  and  have  been  but  little  examined  :  the  chromi- 
qf  potassium  (K^Cr^Cyg)  fbrmt  browiiish  red  aubydroiia  pi 
iu  solution  precipitates  nitrate  of  silver,  white;  salts  of 
blue ;  aiid  the  protnsalts  of  iron,  of  a  brick-red  ;  hut  it  gint 
precipitate  with  persalta  of  iron,  or  with  nitrate  of  lead. 

6  and  7.  OiMio^cvANinKs  and  RriNKKio-cvANiDKa  may, 
ing  to  Clan*,  be  obtained,  eorreHjionding  in  eompositioD  to  tbc 
rocyanides,  which  they  grcntly  re«cmblc  in  the  colour  of  tlie 
tales  they  form  when  mixed  with  salts  of  copper,  iron,  irinc,  and 

(1398)  8.  Flatino-ctamidks.— OmeliQ   wcertiuDcd  that 
tinnm  ifl  capable  of  entering  into  combination  with  (^anogen, 
forming  a  seriea  of  double  cyanides,  which  are  aioongst  the 
beautiful  substances  which  are  known :  tbeee  compounds  are  ana- 
logous to  the  foregoiug,  but  their  composition  differs  from  ibatj 
any  of  the  preceding  Heries :  for  example,  the  following  fon&' 
reprewnt  a  few  of  liie  ptati  no-cyanides : — 

Ilydroplati  no-cyanic  acid     .     ,     .     H.PtCj-j. 

I'larino-cj-anido  of  potassium     .      .      K,PtCy,+3  Aq. 

Platino-cyanide  of  cwpraro  mouium       (CuHj,N),PlCy,  +  A^. 

Platina-cytmide  of  Poiawium  is  best  formed  by  dissolving  pro- 

tocLiloride  of  p\at^ivum  m  &  «Q\uV\uvi  <A  <^«.m^  «C  ^taaiiiUD ;  bd 
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it  may  a)»o  be  obtained  by  fusing  fcrrocyaawlc  of  potassium  with 
spongy  platinum ;  or  by  heating  a  concentrated  solution  of  bicblo- 
xide  of  platitmra  iritb  &u  excess  of  cyanide  of  potassium.  This 
beautiful  ult  forms  long  transparent  rhombic  priems,  which  arc 
jrcllov  by  traiutmitted,  and  blue  by  reflected  light ;  it ,  is  very 
soluble  in  vater,  and  more  epariuj^ly  hu  in  aleoliol  aud  in  ether. 
J^iaiino-Ofanidc  of  magnesium  h  a  beautiful  salt  which  crysUUixcs 
to  roaettes  from  its  solution  in  a  mixture  of  alcohol  ami  ether: 
tbeae  cryiitaU  form  tqunrc  proms,  which  arc  of  a  rich  crimsou  by 
tiaasmittvd  light,  and  green  or  bloc  by  reflected  light ;  they  arc 
very  soluble  in  water,  and  the  solution  is  culourleas.*  The  mo«t 
cbaracterietic  teste  of  the  pktinu-cyatiidcs  are  the  rormatioii  of  a 
beautiful  snialt-bluc  precipitate  when  a  platino-cyanidc  is  added  to  ' 
a  solution  of  »uhiiitr;tte  of  mercury  in  excess,  and  a  flocoulcnt  blue 
precipitate  with  the  snlts  of  copper. 

('399)  There  is  another  very  beautiful   scries  of  salts,  com- 
Bouly  tenned  the  Plaiinic-eyanidea,  which  crystallize  in  prisms  of 
B  coppery  lustre  when  viewed  by  reftctrted  light,  but  they  appear 
green  by  tranxiuitled  light,  and  polarize  ilttlil  powerfully  ;  their 
solutions,  however,  arc  colourless.     These  ealts,  when  dissolved  in 
•atcf,  produce  a  white  precipitjite  with  nalts  of  silver  aud  of  red 
Olide  of  luercury,  a  blue   with  the  suUsalt*  of  iwtrcury,  aud  a 
grccui«lt-bluc  with  salts  of  copper.     These  salts  have  bccti  care- 
fully csaniitted  by  Hadotr,  who  hiw  shown  thftt  the  u*nnlly  n-eelved 
formula  (M^l'tjCy^)  is  erroneous,  and  that  they  are   more  codi- 
l|licBtcd  in  construction.     The  oalt  eomnionly  known  m  platinic- 
cyaatde  orpota.-i!tiuiii  is  really  a  chloropliU'mt>-njam(lf  (]L^*l^C'^ ^^C\ 
=,5  KFtCy,,KPtCyjCI} ;  but  salts  exist  which  correspond  in  ap- 
fcaraucc  with  this,  containing  either  ntiatomofbroRiine,  oranatotn 
•f  NOg,  or  of  SO^.    Til  order  to  prepiire  tlicsc  compoundii  in  a  titato 
rf  pnrity,  Hadow  converts  the  plat! no-cyanide  of  potassium  into  the 
Colourless  perchloroplatiuo-cyauide  (KPtCy,CI),  or  into  tlie  pcr- 
Immuptutiuo-cyauidc    (IkPtCy^Br),    by  the  use  of  an  excess   of 

*  Tb»iJiaiigM  of  colour  which  thuault  oxiH^rirncK^Ebjr  i-bnui^oin  its  PoniiitiMi 
[liydf«lia«iBr«Tcrj'  rciDarVnl)lc(IIiulon').     T!ieorJin*ry  rvrtinlt  (llK.Ptt'Vj     ' 
I  Aq)  wbpB  criilly  "■imm-il,  cron  uiidvr  wiil*r,  bccouicfc  yellow,  »iid  if  crj*- 
isM  at  tfio,  yellow  ur^aula  with  (^  Aq  aru  deposited.    At  an''  the  ulC 
retains  3  Aq  when  it  is  wliile.aadbetweeasoo'and  400- it  bcoini'ii  auhy- 
u,  and  is  t.b«B  ]r«llow.    TbeMsiagularohingeiofcolourmay  be  Btrikinitljr 
layed  by  altotring  n  vtroug  eolution  i>f  the  salt  to  <rvn)inrato  uii  a  Hh«et 
!  rbii«  paper.    When  dry,  t  orini»on  aurfftce  ia  oblaineJ.buta  dropof  w«tcr 
U  any  pviat  destroys  the  colour  at  that  spot  ituttutl y ;  vu  dryiuK,  it  aKtiit  re- 
ran.    Wbenhentfd.  thu  red  laJt  first bouonieB  jellow  ;  aa  llic  lomtifrature 
)  it  isTcndorHl  white  ;  and  Yiy  a  •cimcHhatitrougcr  htm  tit  nt!<tin  beoouips 
>«Ilow.  By  brathing  on  tho  p!i|icr,  iLu  suit  rcaamca  the  watcrtlmt  it  had  lo«t, 
B|m JfOov  spot  becoming  tuccLsdiTtly  w  hilo,  yellow,  ulA  uKeiA\iiU^  cnaDMO* 
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chlorine  or  bromine,  Bod  crr^taltizing  oat  the  bait.  He  tbn 
ioixc«  t1ie  compound  so  obtained  with  pluliiiCKCf  aaidc  in  the  ntia 
of  5  atoms  of  tlic  latter  vitli  t  atom  of  the  former ;  and,  oi 
ci-}-atalliEtng,  tbc  capptT-colourcd  cotiiiiouDd  is  obtained  id  a  stats 
of  parity.  They  appear  to  be  double  salta  of  the  ptatino-cyaoidM 
with  the  pcrcliloj-oplfttiiio-Cj'rtuiclfti.  The  p)atiiio-cyfti)itle»  nrt, 
indeed,  renmrkablc  for  their  strong  tendeiicy  to  form  double  s^tk 
Amongst  olhera  a  very  lieautiful  double  salt  of  potaBsiam  and  mai- 
ncsium  (MgIHCy3,K.PlCy(  +  7  Aq)  may  he  nbtairied.  For  furthtf 
detaiht  respecting  the  platino-cyanidt^,  see  Knop,  Licbi^s  AniaL 
xliii.  Ill ;  Quadrat,  ib.  Uili.  i<34,  and  Ixx.  300;  and  Iladow,  Q.J. 
Cheat.  Hoc.  xiii.  106. 

9  and  10.  Riiai>i-CT*NiDEs  and  Iaioi<CTAXiD£8. — Both  rhs* 
dium  and  iridium  yield  double  cyanides  analogoun  to  the  fcrn> 
cyanides,  but  the  rhodi-cjaiiidv  of  pottt-''!'iuiii  is  det'onii»a«cil  hj 
»cetic  ueid,  with  Bcparatioti  of  the  insoluble  cyauide  of  rhodiutn. 
This  reaction  may  be  employed  in  the  Beporation  of  rhoiHuni  finm 
iridium,  cincc  acetic  acid  docs  not  d<.-coni|)OM.r  the  iridium  salt. 

{1400)  The  iridi-cyanide  of  polatsium  (K,TrCyJ  forma  coioiff- 
less  crystals,  and  13  characterized  by  giving  a  deep  iudigo  prwt 
pttate  with  the  persalls  of  iron. 

It  appears  from  the  fnri^oing  statements,  that  cyanogeu 
etrong  tendency  to  producv;  with  aevural  of  the  nietalK,  ele 
negative  compounds,  which  form  with  hydrogen  a  seriea  of 
marked  aoidit.     The  number  of  atoms  of  metal,  vhicb  are  nnii 
vith  tJie  cyanogen  to  coustitutc  the  rad)di:»  of  thcac  acids, 
with   the   nature  of  tho    mctnl;  three   different   daaue*  of  tb 
liydro-ncidj  arc  known,  the  first  class  being  monobasic,  the 
dtbusic,  and  tlie  thinl  tribasic  ;  the  comjioMtion  of  their  oalt* 
|)ota8sium  ia  exhibited  as  follovs  : — 

I.  Monobaaie :  Platino-cj'EDide 

I  Ferro-cyanide 
3.  Dibasic    Ruthenio- cyanide 
(Osmio- cyanide    . 
/Perri-cyaiiide 
Cobaiti -cyanide  . 
3.  Tribasic.Chpomi.cyauidc  . 
Iridi-cynnirlc 
(Rbodi-cyanide    . 
(140J)    ScLPttocrAXiDsa. — When 


.  K.PtCy, 
.     KjFeCy,  +  3Aq 

.  K.RuCy,  +  3Aii 

.  K,OiiCy,+  3Aq 

,  K,Fe,Cy, 

•  K,Co,Cy, 

•  ISCr.Cy, 
-  K.Ir,Cy, 
.  K,Ro,Cy,. 

cyanide    of    potawunt 


fused  with  sulphur,  or  even  when   a  solution  of  tbc  cyanide  a 
boiled  with  flowers  gf  sulphur,  the  two   bodies  enter  into  coi 
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ind  •  neir  compoand  (K.Cj^SJ  tsfornied  :  this  compound 
roulilv  prvparud  hy  calciuing  iu  a  covered  crucible  at  a  dull 
Bt  »n  tntimote  mixture  of  3  parts  of  aahrdraus  fcrrocranitfc 
^am,  2  of  flonren  of  onlphur,  a.nd  i  part  of  carbonate  of 
ie  melted  mass  wlieacold  mu&t  be  treated  with  boiling 
the  filtered  liquid  evaporated  ;  on  cooling,  striated 
l^crjstaU  of  sulpbocyHtiide  of  potiLssinm  will  be  deposited  : 
lav  be  obtained  pure  by  recr>'stallization  from  alcohol, 
oration  c^nnido  of  gmtiuL'^ium  Is  first  formed,  whilst 
3n  18  separated ;  the  latter  ia  converted  partially  into 
of  iroDi  and  the  cyanide  of  potassium  into  sulpbocyauide^ 
is  separated  from  the  iron  by  soltition  iu  water. 
^phocjfanide  of  Polassium  (K,CySj=97)  is  anhydrous  but 
tliqoDBCcnL  It  rcsemblcn  nitre  iu  Bp]>caruncc  aud  in  tast*^ ; 
lot  poisonous.  Boiliii^;  nitxiliol  diseolvcs  it  abuiidnntly  :  it 
n  ibe  application  uf  heat.  This  salt  is  commonly  siipiioised 
Ihb  a  particular  monobasic  radicle  to  vbich  the  name  of 
tfonofftru  ;CySj=Sey)  lias  heitn  givcu.  The  radicle  is, 
jr,  not  knoira  in  a  separate  condition,  but  it  forms  an  acid 
iad  with  hydrogen,  and  yields  uamerous  irell-marked  nalta. 
dtcmists  prefer  to  regard  the  sulpliocyanldcs  em  repn^^u'ntn- 
if  the  espaQates,  in  vtiich  the  oxygen  of  tlie  latter  saltii  has 
>  place  supplied  by  sulphur;  and  the  decompoaitioti  of  hydro, 
c^nic  acid  by  the  aid  of  beat  aud  acids  resembles  that  of 
mad  under  aimilar  circnmsLanccs  : — 

a'(M.C,Nsi+a  II, O^  =  C,0,+C,S.+a  H^N; 

cyanide  of  aniiiioiiium  n-uidd  then  correspond  to  a  sulphu> 
uren,  sm  cyanatu  of  ammcmia  does  to  ordinary  urea.  The 
Hg  table  represents  both  news  ; — 


ipulplMcysftti)  add  .  .  . 
KyMiitle  of  potaMium  .  . 
Krfsnideof  KKliuni  .  .  . 
wysoidc  of  tinraonium .  . 
MTf  Aaidu  of  rnli^iuia  .  .  . 
>rya(iltli>  of  coj'i'iT  .  .  . 
bocyiitiidc  of  vojipar  .  . 
tcjaiiidr  of  kud  ...  1 
M!7anido  of  tiiki>r  aud  ofpo- 1 

■tIB I 

■id*  of  mercary  anil  of  j 

ido  (if  mcrDory  .    . 


H9,CyS 

KS.CtS 

N«S.Cy8 

li.NS.CyS 

CS.CyS -f  1  HO 

CuS.CyS 

CujS.CyS 

PbS.CyS 

Afi3.CyS-t-KS,Cy8 

Hg8.CyS+KS.CyS 
HftS.CyS 


H.Saj 
K,Scy 
N».Sey 
1  I.N  .Spy 

Ca.Scr 
Ci»,.3«r 

i'b.8<'y 

Ag,Scy+K,S«yj 
Hg,Srj+K.SeJ 


OM  tiTOKMVUiiocrASia  a< 

The  ricv  whieb  wlmiu  the  exittntee  of  i 
lall-ndidc  of  these  comfioauflB  is  the  oi 
iuli)|iC(>i],  and  *ince  U  reuders  a  sim^ile  ui4  i 
the  moUioorphoeca  to  vhich  the  eulpbocyui 
be  made  vm  oi  bcrc 

Tlie  ftulpbocranide*  of  sodiunt  awl  of 
drous  md  d«li()UC6ccat.  Siuail  quantities 
exist  in  the  Mliva  of  maa  and  of  the  sbn 
the  snl|ihocvn»ideii  ore  »olob]o  lM>th  iu 
their  moet  cluncicristie  property  is  the  p 
Uocd<red  colour  wbca  their  solutions  are  mi 
pemtts  of  iron:  if  the  red  liquid  thus  fonn 
hydrochloric  scad,  and  fragments  of  zitic 
lijdrugeii  is  diseogagn],  a»d  the  colour  dis 
ptuKTaoide  of  iron  docs  not  form  crystnli 
letd  i»  spaiingly  eolable ;  it  is  slowly  depos 
drow  ayitalK  when  sohitions  of  acetate  of  I 
of  potaBeiuiD  are  inis.cd.  SuUicetatc  of  lead  | 
with  the  soluble  sulpbocj-anides.  The  eulpl 
white  precipiute  (Cu,CyS,)  when  ndiled  to  a 
of  iron  vith  a  salt  uf  copper :  vith  the  salta 
of  saboxtde  of  mercory,  the}'  produos  nliitc 
(1401)  Hyrfroni//^urya»i«  acid  (HCyS, 
pkocyaaiile  of  mercury  (il^,Cy$j)  is  denom 
a  corrait  of  sulphuretted  hyilmgen,  mhcol 
produeod,  and  a  colourless  oily  liquid  is  fi 
kgdntw^oiifamic  and.  Thb  acid  crystal 
aiasB  at  to°.  It  hoils  snd  may  bo  tlinillot 
is  p«ngeat  and  resembles  tliat  of  acetic  *a 
potsou  and  bts  a  sinwigly  aciil  ueie.  In  i 
soon  aoda^goee  dtwniposition  into  hydrocy 
pcrfulpboeyaiiic  scid  iHjCVjS,),  since  3  (UCy 
llyvlrosnlpbocyaaic  acid  may  be  obtained 
t^  tfav  snlpbocjauidc  of  copjcr,  of  tocrenry, 
and  den3Ri[K»iug  it  hy  aoaim  of  a  current  o 
gea.  When  its  diluted  suluttous  are  boilt-d, 
deocaposition,  aminonia,  bi3ul}^idc  of  nu-l) 
heii^  lomed.  If  it  be  in  a  nture  couceutra 
into  bj'draeyanie  and  bydropMvulpbocysnie  si: 
occar  taore  quicily  in  the  presun: — '    •her 

Solutioas  of  hyiln»ul|>bucysit.  aid 

arcdecompatrd  liy  ifae  action  oi  nitric ar.d, 
j-eiloor  pnxi|^uuboi^ocokwn»A(Vtaicjb 


UEI.LO.V. 


C07 


wIphocjBQOgeQ  (CyS  j  ;  tlie  compoaitioo  of  tlus  prcciiiltatp, 
at,  ia  uot  known  with  ccrtaiatyi  bat  it  haa  been  found  to 
n  hydrogen  as  well  a."  aiilphar  niid  c^ano^on  :  it  is  aoluhle  in 
of  i»otasli.  \Vlicii  tiiU  siibstancc  is  eiixwod  to  a  strong 
retort,  it  gives  off  bisulphide  of  carbon  and  siilpbur,  and 
jrellow  residne  is  left,  coiiMstiiig  of  cnrlmn  and  nitrogen 
JB  reudtie  liearsi  dull  red  heat  without  dccomiXHiitioii,  aud 
atcs  Licbig'a  crwte  melton,  C,,Nu ;  but  if  the  tcmpcpature  be 
I  fxirtber  it  is  coiiverlwJ  into  a  mixture  of  3  \-olumea  of 
and  i  voliinie  of  uilrogcn. 
ft  •ftttimtcd  wlution  of  frulphoc^anide  of  potasMUm  be  mixed 
to  times  ita  veij^ht  of  concviitmt«(l  hydrochloric  noid,  it 
posed,  hydrocyanic  acid  is  cvoUxd,  aud  the  Boluiiou 
wmi-Bolid  from  the  separation  of  kydroptrtidphocyaaic 
.CyjSjJ  in  crystalline  needlra.  Th<>«ciyitaUare  fpAnugty 
eteo  in  boiling  water,  and  as  the  solution  oooU  it  dcposita 
ID  beautiful  oraugocoloured  noodles. 

MflloH  {C,^N,j;  Liebig). — This  iiuomnlou*  compound 

!  J  !y  supposed  by  Liebig  to  contain  C^N^,  but  be  haa 

|ly  repealed  and   varicU  hia  experiments  upon  it,  and  haa 

cd  its  formula  t>A  above.      Mtllott  i*  not  knon'n  in  an  isolated 

m  a  state  of  purity,  but  it  coustitutea  tbc  principal  portion 

I  folid  residue  obtained   by  beating  the  yellow  precipitate 

BoDed  by  diWine  in  miluiiotieuf  tbt;  sulphournnidci*.      ^[ellun 

to  be  a  tribasie  radicle,  which  forma  with  hydrogen  an 

lenucd  hydrometloHic  acid    (H,,C,aNu) ;    this    latter  is   an 

ibtc  ouropound  wbicb  yields  tbn-u    salts  with  potj<s$ium;    a 

»lineilonidc,K^Cj,N|,'|- 10  Aq;  a  soluble  acid  mellonide,  K,H, 

^•f  6  Aq  ;  and  an  insoluble  aeid  mcllonide,  KU,,C,gN,j.    The 

al  oiellouidti  is  usually  fonncd  us  a  secondary  product  during 

reparatiou  of  sniphocyanide  of  potaaaium  ;    but  it  ia  more 

tftdly   obtained  by  fusing  3  parts  of  pore  gulphocyanide  of 

iuni,  and  gradually  adding  about  ouc  part  of  crude  mclloii; 

Mry  aoluhle  in  hot  wat«r,  from  which  it  crystallizes  on  cooling 

10  Aq.     Its  aolntion  baa  ao  intensely  hitter  laate.     A  aolu- 

Iiiiiide  of  potassium  produces  white  inwlublc  mellouides 

.  nitb  fiolntiona  of  nitrate  of  silver,  of  oarrouvo  sub- 

V  and  of  acetate  of  lead. 

mcllooido  of  potossiara    ia  bwlcd  nitli  rq  excess  of 

il  is  decomposed,  and  a  new    tribasic   acid,  the  cyameturic 

iC,^',0,)   is  formed :    variouK  other  compounds  are  also 

by  its  dvcomposiiion ;  for  details   je^ardiug  which  the 

idcrred  to  Viehig'a  paper  (Liebig'a  Aunal.  xvi.  iyjV 


■  r 
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(1404)  iMam. — When  Bulplioc^aDide  of  ammoniam  U  sub- 
mitted to  distillation  it  uudcrgocs  deooin]>o«itioa,  uid  riclds  a 
mixture  of  biaulphidn  of  otrtiou,  sulfiliu retted  hydri^cn,  aud  (un* 
moiiiB,  <rlil1at  tliere  remains  in  tlic  rclort  a  grey  iaaoluble  residue 
irliieh  Licbig  has  called  melMn  (C,jH,Ni|,  Lichig  ;  or  C,Hu>i^ 
OorUaidt ;  calculating  from  Voelckel'a  ati^ysis)  : — 

Solphocjwi.  unmoD.  ItalHII. 

sTivW^J  =  a  C,S.+4  H,S,+5  H,N4-c7h^„. 

llie  same  substance  tn&y  be  procured  by  beating  an  iutiiustc 
iniztiLre  of  equal  parts  of  Bulpbacysnitlc  of  potOJMUiu  niid  sal-aai- 
moniac.  In  thiR  process  chloride  of  potattMuni  aud  sulphocyaojde 
of  ammonium  ure  formed,  aud  llie  eulpiiocyanide  is  dccomjxi^eil 
by  tbc  high  temperature,  as  bcforCj  leaving  mclam,  from  which  th« 
chloride  of  potassium  may  be  removed  by  washiiig. 

Mclaoi  is  u  grL-yiBh-whitt!  gruDul&r  powder,  ineoliible  in  coU 
water,  and  in  alcohol  aad  ether.  Boiling  water  diaaolres  it 
sparingly,  and  de]x>»it8  it  in  the  form  of  a  Khile  volumiDoni 
poutler.  AVhcu  boiled  wllb  u  sulutiou  of  potash  it  ia  di&sulved 
and  a  scries  of  compounds  are  formed,  oil  of  which  arc  clowJy 
rebtod.  The  first  of  these  bodies  has  been  called  melaauHt 
(C„H,N,).  It  is  pOMtCHScd  of  hasic  puwcn,  and  is  dc(M>sited  io 
brilliant,  colourless,  rhombic  octohedra;  it  forms  crystallisable  salts. 
A  solution  of  mclaininc  precipitates  the  ostdm  of  xino,  of  iron,  of 
manganese,  and  of  copper  from  their  aalts ;  with  nitrate  of  EJlivr  it 
givcB  a  white  cn-atalliuc  precipitate  (AgO,C,njNj,NOi).  Mel»- 
tiiiiic  is  polymeric  with  cyauamidc  (1410).  If  the  mother  liqaid 
from  which  the  melnmlne  liaH  been  deposited  be  ueutralizetl  iiilk 
acetic  ftcid,  a  volumiiioua  white  precipitate  oitimmeHw  (C^HjNii 
ia  produced :  this  substance  is  a  feeble  hasv,  vbicli  forma  a 
tallizahle  salt  with  nitric  acid. 

Wbeu  ludamine  or  ammeline  ts  diaaolved  in  strong  sul- 
phuric acid,  or  when  mclam  is  treated  with  hot  nitric  acid,  aiul 
the  solution  is  diluted  with  twice  it«  bidk  of  water,  aud  tlieit  nitli 
aIco]iol,a  white  powder  termed  oniJw«/»rf(C„H(N,0  J  is  prcdpitalcd. 
It  ia  insoluble  in  water,  hut  is  easily  soluble,  by  the  iitd  of  h 
in  ralulions  of  potash  and  of  &.mmonia.  AVhen  either  melam, 
lamine,  ammeUne,  or  ammelid  is  dissolved  in  cooceotrsted  sut 
phuric  acid,  and  maintained  at  a  temperature  just  short  of  buitiog 
for  two  or  three  days,  until  ou  dilution  it  oeaaea  to  give  a  pre- 
cipitate nhen  neutralized  with  anamonia,  it  undergoes  a  cliange,  ia 
con«eqitence  of  which  the  elements  of  ammonia  are  rcnioTcd,  awl 
tiioM  of  water  are  aa»iniAti\ft& -.  a»A  ou  cvaiwraling  the   Uaujjk 


CtANCRlC   ACID. 

Icyanuric  aeid  (3  HO,C',N,Oj)  ia  obtained  in  orj-atals.  In  fttct, 
oielatniiic,  ammclinc.  aud  ammelid  may  lie  viewed  as  amidatud 
Id^irauveti  of  cjauuric  sicid,  nltliough  tht-y  hare  not  as  yet  beeu 
[obtaiuod  dirocUy  by  acting  upon  the  t'ompoundB  of  cyaiiuric  acid 
]  with  ammonia.  Two  other  bodies  of  acid  character,  viz.,  the  mcln- 
|]iunc*  and  cyuneluric  acids,  also  belong  to  tlic  Miimu  grou[>,  aa 
Imay  be  seen  by  the  following  equationa,  which  illutttrate  the  rola- 
|t)uriB  nf  compo»itioa  vhicb  they  all  bear  to  cyauuric  acid,  and  tlic 
IftucceKiivc  stages  by  vhicU  they  are  produced  : — 


Hvlaniina. 


Ajnmalin*. 


UiCtnnrii  Kid. 


IfrtftD  arid  Add. 
Cf  Anuria  uid. 


C,U,N,o,+   11,0,  = 

>  ]f  i>l>.  irjrlnnilso. 


H,N 


■C,H,N,0,j 


■lid. 


C„H,Np, 


+  3  H,0,  =  3  H,N  -f  C^,N^; 


Tlio  forrnDtioii  of  mclamioe  and  of  BmmeUne  frotn  mclam  is 
readily  explained,  nincc 

UrUiu.  K«lBn>[n«.  IninirliD*. 


(1405)  Cytmuric  And  (3  HO,C(NjOj  +  4  Aq).— Tliia  poly- 
meridc  of  cyanic  acid  may  be  obtained  iu  various  ways.  1.  By 
the  action  of  Milpburic  acid  upon  melara  or  its  dorivativcM,  a*  jiint 
described.  2.  By  the  action  of  a  cwrrciit  of  diy  chlorine  iipou 
faaed  urea ;  eal-aiurnoniae,  nitrogen,  and  hydrochloric  acid,  arc 
thus  produced,  and  cyanuric  acid  is  formed  in  abmidmice, 
6CjH,N.O.+  5CI,=N,  +  2HCi  +  4  H.NCI  4- a  (3  HO,C,N,0,>: 
Uie  NaUaminoniac  may  be  rensuvud  by  waJihitig  with  cold  water, 
aud  the  cyanuric  acid  may  be  crystallised  from  boiling  water.  3. 
By  dcconjwwin^  hydrocblomte  of  urea  by  heat :  if  the  compound 
formed  by  transmitting  dry  hydrochloric  acid  gaa  over  powdered 
urea  be  heated  to  293*  in  an  oil  bath,  rapid  decomposition  occurs, 
•al-aramoniac  U  aiibliincd,  and  pure  cyimuric  ncid  may  be  obtained 
by  crj-8laliij[ing  tbe  rcHidue  from  boiling  water;  3  (C^H^N^O,, 
]1C1}=3  IIjNCI+3  HO.CjNjOg.      4.  By  heating  urea  beyond 


*  Melanurie  acid  ia  obtained  bv  beiLine  area  beyond  Lta  point  of 


fu«ui>a-, 


cvandbic  acid. 

its  fusing  point  uotil  it  lias  tieconie  converted  into  &  ilrf  gltjull 
mosai  resemblitig  ammelid  in  api)eitnnce  and  propertiu*:  irben 
tbia  n^iduo,  wliicli  consists  of  mclaaaric  acid  (C^U^K^O^,  is 
disaohcd  in  hot  oil  of  vitriol,  to  vrliiuli  a  saiall  quantity  of  mtric 
acid  has  been  added  for  the  purpo&o  of  removing  the  coloar,  it 
oomUinca  with  the  elcmcsts  of  water,  and  at  the  saiuc  time  am- 
monia and  cj'Aiiurlc  ncid  nre  furmed ;  for  CgnjN,0^+ HjO,= 
IljN+3  HOjC^KjO, :  the  cyauuric  acid  is  tlepositdl  on  diluting 
the  liquid  moderately  with  water.  5.  By  the  destructive  distil- 
lation of  uric  acid ;  cynuurlc  ncid  being  one  of  the  product* 
obtained  in  this  operation.  6.  By  dccompoeiug  solid  chloride  of 
cyanogen  by  prolonged  boiling  with  water,  or  by  disBolring  the 
solid  chloride  in  hydmted  alcohol :  iu  the  latter  case  the  tiquii 
becomes  hot,  emits  hydrochloric  acid,  and  slowly  dcpoetta  cyauune 
acid  in  cube* : — 

C,N,C1,  +  3  1IA  =  3  HCl  +  3  HO.C,NA. 
Cyauuric  acid  it  dc|>08ited  from  its  aqneon»  ftolntion  in  oolong, 
lca»  rhombie  priscns,  which  arc  efflorescent.  It  is  eparingty  soto 
iu  cold  water,  more  freely  *o  in  boiling  water,  and  is  also 
what  soluble  in  boiling  alcohol.  When  erystalli7«d  from  hM 
hydrochloric  or  nitric  arid,  it  is  deposited  in  squarc-banwl  anhydroo* 
octoheilra.  By  long  boiling  with  the  conceotnted  acids  it  is  de- 
composed into  carbonic  acid  and  ammonia.  When  crvstalliud 
cy&nnric  acid  is  distilled,  it  is  converted  into  hydratcd  cyanic  acid, 
and  this  hydrate  in  a  few  minutes  begin*  to  undergo  a  spontuieoo* 
change  into  the  white  insoluble  enmpoimd  known  as  cyatiulid  (411), 
while  the  teini)craturc  rises  sjuntaneously,  owing  to  the  solidifica- 
tion v(  the  mass. 

Cyanuric  acid  iit  generally  considered  to  be  tnbaaic  ;*  its  aalti 
with  lead  and  with  silrcr  contain  3  equivalents  of  a  metallic  oxide. 
Most  of  the  cynnuratcs  arc  sparingly  soluble  in  water.  Those  of  the 
alkalies  and  of  the  alknliiie  earlliM  contain  only  two  equivalents  of 
fixed  base.  An  acid  cyanurate  of  ammonia  (H^NO.a  llO,C\NjO, 
+  2  Aq)  may  be  obtained  in  brilliant  cfilorceccnt  prisms  ;  and  as 
acid  cyanurate  of  potath  (K.0,  a  HO.CgNjO,)  is  deposited  in 
anhydrous  cubes,  when  acetic  acid  is  added  in  small  quantitits  at 
n  time  to  a  solution  of  cyauato  of  potash,  three  ninivalcnta  of 
cyanic  acid  conlcscing  to  form  one  etiuivalent  of  the  polymeric 
cyanonc  acid ! — 


*  WoUcr,  towovcT.  r«gnnJa  cyanario  acU  as  dibaaic,  and  consider*  thai 
I  fllom  of  water  enters  lato  the  ooinporition  of  the  acid.  (Licbi|;*s  JmmI. 
ixii.  J41.J 
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ArHatf  «f  joUaL    1(U  «r>i"i'*l*  otpOI»$h. 
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3(K0.C,S0H-j(U0.C.ll,OJ  =  a(K0,C,H,OJ+*KoTH0.C,K,0,. 
Wlicn  a  Bolution  of  a  salt  of  copper,  after  lieiog  snturattd  with 
ammonia,  U  niixcil  with  &  soKitiuii  of  cyatmric  acid,  a  clinractc- 
ristic  violet  precipitate,  irhicb  is  in^oluSIc  in  cold  water,  is  formed. 
Cyanurate  of  silver  (3  AgO,C,N,Oj)  i»  white,  aiicl  insoluble  in 
water,  but  soluble  in  dilute  nitric  iicid.  A  cyanurate  of  oilver, 
a  AgO,H0,CuN,0j,  may  also  be  obtained. 

(1406)  Itomerides  ^  Cs/anuric  Acid. — Sometimes  during  the 
preparation  ofcjaauric  acid,  b;  boiling  crude  melloa  (1403)  uitli 
uitric  acid,  orj-staltt  of  an  acid  iiiom«ric  with  thu  cyauuric  ore 
formed.  It  crystallizes  in  long  oblique  rhoniboidal  prisma,  which 
arc  cflloresoCQt:  it  rcscruliliis  cyanuric  acid,  but  is  (li»ttIl<;ui^hcd 
from  tlie  latter  by  ita  greater  aiduhility;  Liebig  terms  ilct/tmilie  acid. 

(1407)  fV/ffiBiic  Acid. — This  rcmarkoblf  body  has  not  hitlierto 
been  isolated  in  the  hydratcd  form.  W'hcn  a  »o)ut)on  of  silver  or 
of  mercury  in  an  excess  of  nitric  acid  w  bewttjd  with  alcohol,  a  de. 
composition  attended  with  a  copious  evolution  of  gas  occur*,  and 
a  crj"»talline  deposit  of  a  metallic  fuhniiiate  is  formed. 

INdminic  acid  is  grnerally  &i»umL*d  to  be  dibasic,  but  Its 
wer  of  saturatin;;  bases  differs  from  that  of  dibasic  acids  iu 
;eneral.  I-Vlniinutes  may  be  obtained  vrith  z  atoms  of  a  metallic 
;  or  with  1  atom  of  mt^tallic  ha^c,  and  1  atom  of  water, 
which  latter  caac  the  compound  haa  an  aeid  reaction.  The 
^  atoms  of  base  may  couaist  of  2  atoms  of  the  same  easily 
icducible  metallic  oxide,  or  tbcy  may  consist  of  two  dilftircut 
oxides  of  reducible  metat:* ;  for  example,  fulminates  contaiuiug 
a  atoms  of  oxide  of  silver,  t  atoms  of  oxide  of  mercury,  2 
of  ox^ide  of  copper,  may  be  obtained,  or  double  fulmiiintca  of 
copper  and  mercury,  or  mercury  and  silver,  may  he  procui'ed; 
doublet  fulminates  of  any  of  these  metals  with  the  alkalies,  or 
klkalitie  earths  may  also  bo  obtained,  but  no  fulmiuatca  with  2 
atuma  of  the  alkalies  or  of  the  earths  are  known.  If  fulminate  of 
stiver  or  of  mercury  be  mixed  with  a  solution  of  potasb  in  cs.- 
cess,  one  half  only  of  the  silver  or  mercury  is  precipit&tijil  iu  the 
form  of  oxide,  Icsaving  a  double  fulminate  of  tlie  alkali  and  silver, 
or  alkali  and  mercury  iu  solution. 

FitlmiaaieofSHver  (3  AgO,C\N,0j=2  AgO.C,(NO^  C,N).— In 
order  to  prepare  this  salt  1  part  of  silver  is  dissolved  at  a  gentle  heat 
in  10  parts  of  nitric  acid  of  ap.  gr.  1  -36,  and  the  solution  poured  into 
20  parts  of  alcohol  of  »p.  gr.  0*840.  On  the  applicatiou  of  a  very 
ftnxle  beat,  an  appcarauce  of  ebullition  commcDoes,  tbe  lu\^UlL 
bccomca  turbid^  and  on  cooling  deiwsits  the  crjalaXYoci.  tvAwattuW, 


wltwh  maybeirftsbed  viUi  coM  irat 
Duriof;  Llio  prei>antion  of  the  salt, 
iritb  fiimcs  of  nitrous  add,  tmd  of 
fumiic   uciiU   are   liberated,  and  t 
oxalic  add. 

I'^minatc  of  eilvw  may 
vapour*  of  iiitroua   iicid    into   an 
uWer.     In  this  case  crystals  of  tfao 
any  iliseitgagcinrnt  of  gas  in  the 
lowing  e([iiution  : — 


Kilrwu 
Kid- 


Akolwl. 


Fulminate   of  silver   is   Bpari 

soluble  iu  36  purt«  of  boiling;  wal 

pcrty  is  its  cstrrmcly  cxplofirc  as 

or  even  the  slightvitt  friction  betn 

to  cause  its  dccomponitiou,  ntteu< 

ordinary  violence.     Even  irhcD  1 

with  u  hnrtl  htxl/  will  often  produi 

of  a  drop  of  oil  of  vitriol,  or  an  cle 

over   260°  also  causce  ita  cxpkx 

chloriTie  likewise  debermines  it*  ex 

cffcrvespence  by  dilute  Bulpburir  ( 

ammonia   bcin^  formed  and  hyd 

hvdrochloric    acid   aImo   docompoei 

chlorinated  acid,  the  silver  being 

of  cliloride.     Sulphuretted  bydrogi 

of   silrcr  and   libcrntus   cyanic 

hydrogen  be  in  excess,  is  coatert«( 

Solutions  of  the  alkaline  cbl 

cxcetM,  precipitate   only  one  half 

chloride,  producing  douhl<?  ftalla, 

tUver  and polasnum  (AgO,K0,C,N, 

paru  of  boiling  water.     It  is  s  I 

cryjttsllises  in  elongated  hrilliunt  l< 

An  acid  /ttiatinale  0/  silver  ( 

tained  in  the  form  of  a  white  povi 

nitric  add  to  one  of  these  lioublc 

Ixiiling  waKir,  and  cryataHizcs  on 

of  mercury  it  dit-solvcs  the  oxide, 

silver  and  tntreui^. 

If  &  £u\ut'ian  at  fu\ituu2Ui  cJt 


rrtuiNATK  or  HeiicvnT. 

or  copp«r,  tbc  nliolc  of  the  silver  is  prccipitntcd,  ami  a 
:  of  mercury  or  of  copper  i*  formed. 

final f  of  Mrrrxtrtj  {2  HgO,C,N.p;)  ;  Sp.  sr.  4-+oi8.— TLc 
lod  of  prcpariikg  thU  salt,  according  to  Lipbig*,  consists 
riog  3  pouts  of  mercury  id  36  of  nitric  acid,  of  sp.  %T, 
tout  the  81(1  of  beat,  in  a  flaak  capable  of  oontainiug  18 
I  bulk  of  the  ncid.  llie  •olution  is  tlien  to  be  poured 
rfpi  vc4«el  GoataiuiDf;  17  part«  of  alcohol,  of  sp.  ^.  0*830, 
ediatelj  to  he.  retransferred  to  tlic  flank  whicli  ib  still  ftill 
u  vapours,  and  nitli  nliich  it  is  to  l>e  agitated  to  effect 
iorpUoD.  la  a  few  minutes  au  cflcncscciicc  commvuces, 
fcoomea  extremely  liolont,  attended  with  a  dejKMit  of 
mercury,  which  is  gmduHlly  redissohcd.  The  re4u;lioii 
moderated  l>y  tbc  gradtui  addition  of  17  parts  more  of 
mif  oil  cooling,  crystals  of  tbe  fuliniuate,  amountiii};  to 

are  deposited.  The  reaction  is  attended  with  the  formd- 
tc  same  products  as  wlicu  silver  v.  used.  Gljrcolic  acid  ts 
A  in  the  motlicx  Hcjuor. 

ainatc  of  mercury  forms  vbitc  silky  nccdlcB,  which 
ueliilliu  sweetish  taste.  It  ia  sparingly  soluble  in  oold 
nfc  mucb  more  luiluble  in  boiling  water,  mid  in  tolutiou 
nia.  It  may  be  handled  without  ranch  danger  nhiUt 
at  if  vhcn  dry  it  be  exposed  to  the  electric  spark,  or  if  it 
sd  to  iiboiit  360°  it  explodes  ;  nnd  if  it  be  struck  by  a 
ly,  or  touched  nith  cooceutrated  sulphuric  or  with  nitric 
cniBlion  occunt,  hut  tbe  suddenness  of  the  explosion  is 

IcM  than  that  of  the  fulminate  of  silver.  The  priming 
rdinary  percuB«ion  cap  oonaieta  of  a  mixture  of  1  part  of 

of  mercury  with  6  parta  of  nitre,  or  of  a  mixture  of  3 
tbc  fnlmioutc,  5  of  chlorate  of  [lOtnsh,  1  of  sulpliur,  nnd  1 
d  gla&3.  It  is  applied  in  the  form  of  a  dry  poicder,  and 
lo  adliere  to  the  cap  by  the  subsequent  application  of  a 
bcil-loc  vaniish. 

n  citlier  zinc  or  copper  is  boiled  with  fulminate  of 
nspeuded  in  water,  the  nhole  of  the  mercury  is  di»- 
r  tbc  metal  vrhich  iH  employed,  aixl  fulmioate  of  sine,  or 
•^  i«  formed.* 

t.itniL->'n  iti  me  rolminBtcs  appMTS  to  bo  in  two  difffirent  oondi- 
I  Ji  ulitn  (li^comixud-d  v'Bld  products  «niliiniiii{ 
hilminnto  or  rnvrcurj,  far  fxanplv,  whra  docom- 
iih  B  Bululion  of  )ijdnMulpiial«  of  KiupbidM  of  bwioiu. 


j_  tio(np'''unil» ;  — 

JljllP»G'.i>ll  t>U- 


fiulpbwj.rmanait.  CitV.'b«r)^^ 


J-y.//A5,«^^^^i;,0,  =  /]Ig6+H4^CyS.  '  iT^nO.CPv 
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(1408)  Fitlmaotrie  or  Itoeyamme  add {llO,CfS illfil 
U  an  acid  vhich  was  discovered  at  about  the  ume  ticM  l| 
and  by  ScltinchkofT.*  Uydrated  fulaunuric  acid  coall 
tame  ck-mcntK  n»  the  liydrated  cyanuric,  1>nt  it  it  t  nl 
■cid,  tlie  olementH  of  a  n]uira]cut«  of  vater  being  ani 
tboM  of  cvanogcn  and  with  oxjgcn  to  Jbrm  the  acU 
ealts  of  fulminuric  au;id  are  obtained  by  boiling  one  of  di 
nates,  such  a&  fuhaiiiatc  of  mercury,  urith  a  solution  of  Ol 
soluble  chloride*.  When  fulminate  of  mercniy  ts  thus  W 
cMoride  of  potassium,  it  n  gradaally  diBaolred,  and  a  yell 
pound  containing  mercury  is  !Oparat«d  :  during  the  Bml 
the  operation,  the  liquid  appears  turbid,  but  sa  toon  u 
pesrauce  ceases  it  is  fihered,  aud  od  being  erapotitsd 
brilliant  crystals  of  fulminunite  of  [xitaiih.  The 
the  reaction  may  be  tlius  represented  (Kekul^  :- 

In  sliortj  the  elements  of  t  atoms  of  fulmioic  aod  bott 
up  into  I  atom  of  fulminuric  aeid,  1  of  cnrbanic  arid,  1 
aniuiouia.  The  fulmiuuratca  crystallize  with  great  (aciK 
posacss  a  high  Imtrc  and  exert  a  grcnt  diapersiTe  power  I 
they  are  decomposed  by  beat  nith  a  feeble  explosion. 

It  thus  nppcan}  (KUpjxiBiug  fulmiuic  acid  to  bv  a 
existing  in  tlie  form  of  a  hydrate)  that  uot  lesw  than  6  oo 
polymeric  with  cyanuric  acid  might  be  produced,  tii.  .— 


I|HN»WH 


Cyanuric  acid  . 
Cyanilic  acid  , 
Fulminuric  acid 
Fuimiuic  acid  . 
Cyuiic  acid 
CTimclid     . 


Iin  r  ^  - 

no 

HO.G.HJ 

no-- 

lit! 


CANA    =    3 

C,H,N,0,  =     3 

C,H,NA  = 

C.HjNjO,  »      2 

C.HNO,  = 

It  is  a  remurkuble  peculiarity  of  cyanogen  both  wbea 
when  in  combination,  that  it  exhibits  a  stmug  tundeui^ 
new  eompouods  by  conilenaation ;  thus  parac. 
by  the  coiidenMtion  of  sCTcral  moleculca  of  rya: 
more  ooiiiples  molecule;  in  like  maimer  the  I: 
chlorides  of  cyanogen  arc  produced  by  the  condensati. 
moleculca  of  tlic  gaseous  chloride  into  one,  and  the 
^anurlo  acid  may  bo  obtaiiie>(l  by  the  ooudonntton  «f 
of  cyanic  acid  into  one  oomplr^x  niolecalit. 


TlW^^lMltvi 


CjiiViuAi^j.  Li'.ii.  lA '.'. 
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I4C39)  The aelinn  of  ammnnia  upon  theoijgen  ariils of  cyuio- 
liBa  uot  bccu  fully  studied :  the  group  of  bodies  derived 
mclain  nppean  to  be  iutimatcly  related  to  tlio  amides  of 
aic  acid,  and  wohH  well  repay  furtlier  inrcRtigution.  The 
rind-<  of  cj-anic  arid  wilU  ammouia  are  sliU  more  interesting, 
they  iuclndc  tlic  remarkable  substance  known  as  area.  Thin 
|ue  ha»  the  compOMtion  of  ryannte  of  ammonin,  nnd  it  is 
jj^roduerd  when  a  aolutlou  ofcyanatc  of  aiuinouia  is  cvapo* 
'^Tr«e  i^anatc of, ammonia  maybe  obtniuni  by trsmmitting 
LfKtur  of  hydmtcd  rjnnic  acid  into  gas«ouR  ammonia,  when  it 
idcnacd  in  tbc  form  of  a  white  rolumiiious  cryatalliDC  powder, 
I  it  very  soluble  in  crater.  Tbis  solution,  when  freshly  pre- 
||dtscngi^c«  nmmoitia  on  the  addition  of  potash;  but  if  kept 
[few  (1bv'<,  or  if  the  BolutioQ  be  cvapomtcd  at  a  gentle  heat,  it 
(tTcrtcd  iuto  urea, 

Km,  however,  on  account  of  tlie  important  relation  which  it 
I  to  Miinc!  of  the  most  tutercstlug  clicmical  changes  which 
rwithin  the  living  body,  will  be  better  considered  U4'i)  '" 
tnon  with  other  sulj»tancc«  by  which  it  is  tisiinlly  uccompanied 
ifcaniisal  nr^nization. 

i4io)  Cganamiiie  (C-HgNj). — Before  quitting  the  subject  of 

impnnnda  of  cyanogen,  mention  may  be   made   of  tbc   true 

i  of  cyanic  acid.     The    most  convenient   method   of  prc- 

r  it  cnoM»tx  ill  triiiisniitting  a  current  of  gaseous  chloride  of 

l^en    into   ether  saturated   with    ammonia;    the   muriate  of 

nia  wliieh  is  dei>o^ited  during  the  proeess,  having  been  scpa- 

by  filtration,  pure  cyanamide  is   left  on  evaporating  the 

hal    aolution.       It   forma    a   white    erystalliznbto   Bubstance, 

I  ia  wluble  without  alteration   in  alcohol.     Water  dissmlvca 

miilc  frrcly,  but  the  residue  obtained  oik  evaporating  the  hquid 

'  •*,    f-onsisl  almost  wholly  of  its  polymcridcmelaminc  (1404). 

fuM»  at  104",  and  if  healed  lo  300^,  it  suddenly  becomea 

vitli  a  cvnuidcratdc  crulutiou  of  heat,  and  is  couverted  into 

litui.      The  addition  of  nitric  acid  to  an  ethereal  volution  of 

Inidc,  converts  it  into  nitrate  of  urea;  each  atom  of  cyanamide, 

k  •Mtmilntion  of  water  in  the  pruportion  of  H^O^,  becoming 

nto  area;  C,H,Nj+lI,0,=CjIl4N,0j. 


^  n.  Babes  op  Axiual  Oricix. 

present  scrtion   the  following  compounds  and  some  ot 
dvcv  wWV  be  licfcribod  : — 


VHSJk. 

Jltm 'Ml>"" 

", ; 

to C.l! 

Shriwrine C,ii--  -\ 

bvlurainine C,H.N| 

timnjuc C,|,n  N  0| 

Xawhine ,  Ci„h'n,0 

HTpoxftiitliine CJ«I1,N,0 

Giunidiuc CjU,N, 

Glycocine C.H,>  0, 

Alspme* C,Hj>'  0. 

Leudac C„lJuN( 

TywiM C^ll„.S( 

fi4.li)  TJuBA  (C,H^NjOj6=6o).— Tliis  importaat  cgn 
«u  nNieutial  constituent  of  the  urino  of  atiimats ;  it  u  afai 
tliKt  of  the  mammalia,  and  particiiUrly  so  iu  the  uritve  of 
Tinum  ;  but  it  lias  bImi  been  met  witli  iu  the  uritic  of  bad 
anftltiNia.      I'rea  is  the  {iriDcipal  outlet  for  the   nitn^ 
•jratniD,  after  llio  materials  vhich  compose  the  unirail  ttw 
OkperieDCccl  oxidation  under  the  influence  cif  Ibe  rtsfa 
hcalthT  human   adult   excreting  about    an    ounce  ot  W 
Dhiuu  made  m&ity  fruitions  titreai|)t»  to  effect  the  iliKCta 
oftlw  MOtiscd  constitiicnta  of  Uic  body  iuto  urea ;  bat 
■lialKs    thiit    he  lian    »ucci«dr(l   in    obtaining   tliis  raill 
iicitDg    albumen    to    the  oxidizing   action  of   penitUj 
^tMBBli.     Tlic  correctness  nf  thi>fobsor?nlion  has  sir™  '-^ 
yy  $t4C<ilcltT,  who  obtaiiieil  benzoic  nci<l  abuiiilanti 
—111  I  III,  and  which  he  thiuke  must  have  been  on 
*^"'~i  13  not  formed  in  the  kidneys;  these  gUiiiLn  . 
Mliat  IU  the  manner  of  liltenij  by  mean^  of  n  I. 
tusi  from  the  maRs  of  the  blood,  in  nliieli  it  cuati 

before  reaching  the  kidiicyt. 
Knm  may  be  ohtaiDcd  arlirioinlly  in  a  variety  of  i 
'Jw    mop^t   remnrkable  of  whieh  iiaa  dUooTcrnl    Iiy 
tibuircil    that  a  wilution  nf  eynnnte  of  imraaniaT 
urea,  whi 

Cfruwlvi 


tRl— ntBFABATIO!! 
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10  ilirfft  iitiiiin  of  hydratcd  cj-niiic  acid  with  am- 

r    by    Uip   <ioul)!e   ilecoinpoaitiuii   of  a   nietallic  i>vanate, 

emanate  of  potash,  nilh  a  salt  of  ninnionift.      isV-itfacr 

nor  ammutiia  cjin,  however,  he  dwonvcrcil  in  the  roni- 

3nc«1  J  but  if  a  tohitioii  containing  a  mixture  of  itilmte 

r  anrf  nrea  be  boilprf  for  wme  time,  it  is  i»rtly  resolved  iiilo 

of  M'lver  and  iiitmtr  of  ammonia. 

U  likewi.-x;  fonned  during  the  nctioii  of  [><^ro;(idc  of  lend 

Her   oxldinDg    afcuta  upon  uric    acid ;   by  the  artion  of 

ppon  nlloTnn,  and  upon  krcatini> ;  an  veil  a»  by  the  action 

ctlcd  hydro^Q  upon  the  donhle  fulminntc  of  copper  and 

It  ia  also  obtained  ss  a  product  of  the  action  of  osj- 

of  carhoii    upon    nmmonia,    and    hy  the    re-action    of 

upon  carbonic  tthur,  nt  a  temjwraturc  of  360*".      (loio  j 

\t)     Urea  is  metaoieric  with  carbamide,  if  uot  identical 

14). 

ttion. —  I,  TTrca  i«  rcndilj-  procun-d    by  concentrating 

tlic  eonsiatencc  of  syrup,  decanting  from  the  depositeil 

itddin<;  an  equal  hidk  of  pure  coloiirIp!<s  nitric  acid,  of 

t$-     The  mixture  bceomw  nearly  solid   from  the  dcpo- 

Haky  crystaU  of  nitrate  of  urea,  the  rjuatttity  of  ffhich  is 

by  imtDcrsitii;  the  vt»e\   iu  a  fri^ritie  mixture.     Tlic 

Ui{uor    ta    tticu   prcsecd   out,  and   the  crystals  diffused 

water,  to  which   carhoua.tc  of  Lnryta  iti  powder  lias  been 

Edervescnice  takes  pluee  from  the  expulsion  of  csrliouie 

of  baryu  in  formed,  whilst  urea  is  set  free,  and  is 

If  the  mixture  of  nitrate  of  baryta  and  tires,  obtained 

iporntion,  he   IreHted   irith  boiling  aleoho),  urea  only  Is  dis- 

ikbdit  bi]c|io?itcd  on  cooling  orduring  evaporation  in  long, 

tt  *triatcd,colour)eM  priama.     When  an  atpieoun  solution  of 

intug  not  less  than  one-thirtieth  of  its  wcifiht  of  urea  is 

^vith  au  equal  bulk  of  pare  uitric  acid,  an  abundant  dcpo< 

needles  of  the  iiitnitc  of  urea  occurs  (C,HjN,0„HO,>IOJ. 

ric  i«cid  employed  must  be  quite  free  from  nitrous  acid,  Biuce 

ooiuplctcly  dccumpotied  by  nitrous  acid,  into  carbonic  acid, 

and  water : — 

Oxalic  acid  may  be  auhatitutcd  for  the  nitric  tn  the  forc- 
1 ;  the  oxalate  of  urea  thus  formed  may  be  dccompo^ 
.1:  of  lime,  and  the   nrcu  may  then  be  separated  from 
•ud  carlMMiate  at  lime  by  water;  on  evaporating  tVc 
gtilulioo,  cryntalf  ofurvn  areobtMiiied. 
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3.  Uren,  howerer,  is  more  cifciljr  and  abuodauUy  obtai 
emanate  of  poUsb,  proaireil  by  hcatmg  aii  intimate  mill 
iMrtiiorferi-oc^2ni<luof))Otaj>kiiiiii,  «liicb  Ikiw  been  ootspld 
at  2H°,  with  28  parte  of  carefully  ilricii  fiuelj-  powiJoprd  bl 
of  mougauese.  The  mixture  is  placed  ujioit  a  plate  afabeel 
be&tcd  to  dull  rcdiic¥»,  vlien  it  kIowIj-  ■moulder*,  can  bd 
to  «tir  the  ronftft  from  time  to  time.  The  residue  of  thai 
ffbeu  cold  i»  to  be  digested  in  cold  water,  aud  41  pn 
sulphate  of  amtnoiiia  nrc  to  be  addrd  to  tbc  solulion 
decomposition  tlicn  ciisiics,  cranatc  of  ammonia,  aad  ui 
potaah  being  funned :  the  cjauntc  of  ammonia  may  be  di« 
mcan«  of  alcolml ;  it  tliua  becoiuea  converted  into  art 
eryatallizeA  as  the  solution  cools.  Red  lead  may  be  aubati 
peroiidc  of  mang&oeae  in  the  foiTgoing  proccxa  :  tbc  pr 
then  beitif;  15  parts  of  rod  lead,  8  of  the  dried  fcrTXKjauii 
of  carbonate  of  potaab.  8  parta  of  siilpUate  uf  amtnoi 
be  employed  to  decompose  the  solution  of  oyanate  A 
obtained. 

PrOjiert'tet. — Pure  nrea  is  colourless  ;  it  crystalliae*  ) 
striated  pri^mtt,  which  are  itlightly  deliquesceut.  lu  sol 
a  cooling  bitlcriGb  taste,  and  \i  neutral  to  test  popcn. 
Kiluble  iu  water  and  in  Imt  alcoliol,  but  very  Bpariti^ly  m 
It  fortnx  no  deliuit«  oumixjund  w-itfa  water,  but  it  depfi 
ealtej  such  as  sulpbate  of  Noda,  of  their  water  of  cry>* 
when  tritiiral^^  wttli  ibcm,  producing  a  soft  scmi-fluic 
Urea  melts  at  about  348°,  but  at  a  temitcratiirc  a  bi 
this  it  is  documpuGcd,  yielding  ammoiiia  witb  cyauaic 
Iwiinte  of  ammonia,  cyaiiuric  acid  being  left  iu  tbc  retur 
the  tcm|peratiirc  be  raised  further,  id  \U  tarn  nndo 
composition,  and  a  wbitc  nroorpbouu  residue,  oouiuatin^  of 
acid,  i»  obtained  : — 

Una.  Uidunnc  tiii. 

Pi-evioniOy  to  the  completion  of  tliia  change,  »  aubduiv 
^ret  {C,IliN,0(  +  2  Ac]}  is  formed  (1416).  By  a  ftil 
eleratba  of  tem|icrBture  atetanurie  ncid  i«  docomposcd  at 
ia  formed. 

A  Kflutioo  of  urea,  if  piirc,  may  1)C  kept  ■.'. 
tnrcs  witlioHl  nlleratiou,  and  it  may  even  to  Ioulu, 
going  decompoution  ;    hut  if  bmh-d  in  ■ 
2S4",  t  MTna  y-     '  I 


n^ol 

I 
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ic  same  change  takes  place  slowly  at  ordinary  temperaturta  in 
lie  preseiioc  of  the  muciis  of  the  bladder,  the  BmmDiiiacal  odour 
cquircd  by  urine  afWr  keeping  it  for  it  fe^«  ditys  being  due  to  this 
nltcratioD.  A  similar  decouipositioa  into  carbonic  acid  and  aminoDia 
orrtirs  when  urea  is  fiwcd  with  hydrate  of  potash,  or  treated  with 
coiiccntrated  sulphuric  acid. 

Chlorine,  when  trausinittod  into  an  aqucoiut  solution  of  urea, 
>lv<.-4  tbo  latter  into  carbonic  acid  and  uitrogea,  nrltilat  hydro- 
wic  acid  it)  fur:iied  : — 

C,H.N,Oa  +  H,Oj  +  3Cl,=C30,  +  N,  +  6  HCl.  | 

Vica  doc*  not  possess  well-marked  basic  properties,  but  ttcom- 
lioes  with  certain  acids,  and  yi^-hij*  cry.^tHlliKabte  compomul*,  which 
'eserre  a  strongly  acid  renctioii,  li  absorbs  hydmcliloric  acid 
fiwming  a  deliquescent  snbslanco  (CjII,NjOg,HCl)  which  fiisw 
at  A  gentle  heat  to  a  yellowish  oil,  and  solidifio*  to  n  (rryRtallinc 
radiated  ma«  as  it  cools;  water  dceoraposes  it  iinmcdiatL-ly,  The 
most  important  salts  of  urea  are  those  which  it  forms  with  nitric 
and  oxalic  acid*.  In  combining  with  the  oxvacids,  urea  unitea 
with  1  equivalent  of  acid  and  i  of  water.  Nitrate  of  urea 
{C.H,N-0j,H0,>'0j)  is  a  compound  which  crystallizes  in  rhombic 
pr:»ni9^or  in  brilliant  l«iflct^  which  src  sparingly  soluble  in  waterj 
especially  if  it  contain  esf^es*  of  nitric  ncid.  It  i»  a|)aringly^ 
•oluble  in  alcohol.  Oxalate  (^  urea  [a  C,H^N,0.,2  HO.C.OJ 
crystallizes  in  Ion;;,  thin,  transparent,  sparingly  soluble  pri«ms. 
It  t»  almost  in»olvib1e  iu  a  saturated  aqueous  solution  of  oxalic 
acid. 

(14.12)  Compounds  0/ Urea  wUh  Saltn,  and  tctth  Mefafltc  O.Tid^», 

■i— Urea  fonns  definite  componnds  with    certain  rictallie  oxides, 

such  aa  those  of  silrcrand  of  mercury.     Its  compound  with  silrer 

(3  AgOjCjUjXjO,)  is  produced  by  digesting  at  a  gentle  heat  freshly 

prcoipitailcd  oxide  of  i«ilvcr  in   au  excess  of  a  iwliition  of  urea  ; 

a  grey  or  yetlowisli  crystalline  powder  is  thus  formed.     Three 

•uch  compounds  may  be  obtained  wiih  red  oxide  of  mercuryj  y\t., 

CJl>'p^2lIgO;     C.H,?JA..lI'gOi     and     aiI,N,0„4  llgO. 

The    first   of  these  componnds  (CjH.NjOi.a  HgO)  is  formed,  if 

successive  portions  of  red  oxide  of  mercury  siis|)endcd  in  water  be 

mixed  with  a  warm  solution  of  urea  ;  nt  firrt  the  otidcof  morcnry 

is  completely  disLsolrcd,  but  the  compound  in  tiucstion  is  gradually 

Idepoaiti.'^l  as  A  white  powder,  which  becomes  yellowish  on  drying. 

KTlie    compound    (Cjll^NjOg,^  UgO)  is  obtau\ed    b^  u&i!k\n^  >m  «> 
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solution  of  urea  reudered  ilkaliu«  hj  potash,  a  solution  ofcomnliA 
sublimate,  taking  care  to  niaiataia  an  cxcc«s  of  alkali;  ■ 
white  gcUliuous  prcfipitatc  i»  formed,  wliich  wLen  well  naatiefl 
U  converted  hy  hoiliag  water  into  a  pale  yellow  granular  poirdrr, 
liatiiig  the  cotnpo^ition  above  Imlicatctl;  and  the  oumpouHB 
(Cjll,NjO,,4  UgO)  i«  obtniiK'd  by  precipitiiting  a  aolutUxt  fl 
nitrate  of  the  red  oside  of  mercury  by  addiu^  it  to  an  alkaline 
fiolulion  of  una.      (Liebig,  Chcm.  Gus,,  xii.  41.) 

When  asoluliotiof  the  nitrate  of  red  oxiiIl' of  mercury  (mercofic 
nitrate)  is  mixed  with  one  of  area,  the  urea  enteiv  into  coinbim- 
tion  with  the  salt  in  several  proportions.     If  irarm  diliile  solntioH 
of  urea  and  of  the  mcrcurinl  nitrate  be  niuct-d,aci7»t:illincproc)pitaH 
(4  HgO,NO,,CsH,NjO^)    falla  as  a  heavy  granular  powder,  whirfi 
coa»iMt»  of  cunccutrio  groi))>s  of  miinite  neaUcs.      But  if  a  diluW 
solution  tff  the  nitrate  of  mercury  be  nilded  to  a  solution  of  tuH 
so  long  as  a  precipitate  i*  formed,  a»d   tlie   whole   be  lualntaitMfl 
at  a  temperature  of  from    104^  to    122"  t'.,  the  prceipitaie  fl 
principally  vompoaed   of  six-sided   pnsms,  consisting   of  (3  Ilgfl 
JiOjjCjH^NjOg).      If  iL  xoliitiou  of  nitrate  of  urea  lie  poured  in|l 
a  BOmewliat  dilute  solutiou  of  nitrate  of  niercnri,  slightly  acidn" 
lotod  with  uitric  acid,   until  a  peroiaueiit  turbidity  appears,  ttu 
filtering  tiw  lii^uiil  mid   allowing  it   to  stand,  crystalline  cruati  fl 
lunall  sliiiunij  reotangular  table*  are  gradually   formed  (3  H(H 

Nitrate  of  silver  forDoa  two  similar  compounds,  (^VgO^NCH 
CjH.Xpjand  [a  (AgO,NO,),CjH,NjOJ,  which  cryalallixe  rewliB 
vlien  a  iniKture  of  a  solutiou  uf  urcH  and  of  uilretv  of  sihcr  ■ 
cvapouited  in  vacuo  over  sulplntric  acid.  Urea  also  oomUiucswifl 
other  salts,  but  the  compounds  which  it  forms  with  thctn  arc  oP 
little  iuiportance.  ^ 

(1413)  Liebig'g  method  0/ detrtTttutitig  Chlorides  a»d  Cm  fl 
L'rine. — The  foregoing  observatioDs  arc  due  to  Licbig,  who  hM 
fonoded  upon  them  a  method  of  dcteroiiiiiiig  the  quantity  ofciibfl 
rinc  and  of  urea  in  urine,  which  U  valuable  when  sudi  aualyfcsaM 
nnmerous.Muce  it  ennhloi*  a  liirgc  uunibcrof  ootuparuti%c  experimctitl' 
to  be  made  iu  a  short  time. 

1 .  For  Ifie  Chiorine.—A  eolation  of  urea  is  not  pi-ecipitatcd  by 
a  solution  of  eorronive  sublimate,  but  it  Is  immediately  pr(^[icl 
tated  by  the  nitrate  uf  the  red  oxide  of  mcreiu^.  SulutioD^ 
i>(  the  cblorjdi^  of  the  ntctnl^  bclouging  to  the  lin>t  two  grospt 
(459)1  vhcii  luixvd  uith  nitrate  of  mcrcurj,-,  Ucooioc  deeuui- 
po«cd  iuto  curroaive  siibtimiite,  and  a  nitrate  uf  the  alkaliae 
or  cai'thy  baac ;  Ucncc,  wV^a  &  »iluttou  of  chloride  of  sodium  p 
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^bnixed  iritb  one  of  urea,  »o  precipitate  is  occasinned  in  tliis  liquid 
Bou  the  addition  of  nitrate  of  mercury,  until  tlie  wboie  of  ttic 
~  cliloriile  of  sodiann  liM  been  decomposed  by  tlic  mercurial  salt; 
NaCi  +  UgO.NOi  becoming:  NaO.NO,  + llgCI.  After  tliiti  point 
lia«  been  reached,  ever;  fresh  addition  of  the  mrrcurinl  iiitnttc 
LoccaHioii*  a  precipitate  of  the  corojiuuiid  [4  llgOjNOjCjIljNjOj) ; 
land  if  a  solution  of  tiic  mercurial  ttalt  of  knnwu  strength  aod  free 
Trora  excess  of  acid  be  prejjared,  it  is  casv  to  detenu  iue  the  ijuautilf 
c}ilorid<-x  present  Uy  mcn»uriug  the  vohimc  of  this  Fohitioa  which 
it  is  necessary  to  add  to  a  given  volume  of  unno  before  it  begins 
occasion  a  precipitate. 
2.  For /he  Vrca. —  Ilnving  ascertained  the  number  of  divisions 
if  the  mercurial  solution  nhich  aro  cnnsumed  l>etbrc  a  precipitate 
[)>eg:ius  to  be  formed^  a  mciiaiired  volume  of  a  stnndard  xulutiun  of 
[uitratv  of  silver,  sufficient  ciactly  to  effect  precipitation  of  the 
[chlorine  llms  indicated,  is  atMcrl,  and  afterwards  the  urea  is  detcr- 
Imiued  bjr  uieaua  of  the  solution  of  nitrate  of  mBreury.  The 
tlblloviii^  are  the  details  of  the  operation: — 

I.  I'rfparailon  vf  the  Solutitjn  ^  NiirtUe  of  Mercury  No.  i, 
employed  far  dclermining  the  Chlorine. — Crystala  of  pure  subiiitrate 
of  mercury  arc  to  be  dissolved  in  luodcralcly  strong  nitric  acid,  and 
.thu  «oliition  l»  to  lie  hctiteil   iiiiti]  u  iiiniplc  ik  no  longer  rtrtidercd 
tarliidby  chloride  of  iodiuia.     The  solution  is  next  to  he  cvajHiratcd 
on  a  wuter-bath  to  a  i^yrupy  couAi»tcucc,  and  diluted  with  about  tcu 
i  tioics  its  bulk  of  water  and  neutralised  hy  the  addition  of  precipi- 
rated  yellow  oside  of  mercury  as  long  a»  it  i*  diswolved ;  it  is.  tlicn 
l*ct  aside  for  twenty-four  bours^  and,  if  ueccssary,  filtered.     lu 
!r   to  graduate  the  solution,  it    is  necessary  to  procure  a  satu- 
ated  Aolution  of  pure  ehloridc  of  sodium,  prepared  by  digesting  a 
[large  csccss  of  the  salt  iu  cold  wat«r,  with  frequent  agitation,  for 
'tweuty£>ur  hours:   jco  water  grain   measures  of  such  a  solution 
eootain  31*84  grains  of  chloride  of  sodium.      150  grain  measnre-R 
I  of  this  BoluttoQ  (  =  to  477S  grains   of  chloride  of  aodiuu)  arc 
ponred  into  a  mnall   beaker,  and   mixed    with  45  grains  of  a  solu- 
tion of   urea,  containing  about  4  per  cent,  of   urot,  and  alio  with 
75  grains  of  a  cold  saturated  solution  of  pure  sulphate  of  soda ; 
the  solution  of   nitrate  of  mercury  is  then  to  be  tiddcd  to  this 
tniiturc  from  a  burette,  with   constaut   stirring,  until   n   distinct 
precipitate  is  jiennanently  formed.     The  number  of  diviiioiia  of 
tlie  Bulution  poured  from  the  burette  indicates  the  amount  of  tlie 
liquid  which  corresponds  to  4776    grains  of   chloride  of  Hodium. 
The  strcugth  of  the  mercurial  Kolntion  having  heeii  thus  aecer* 
[tUBcdj  such  a  pniporlton  of  water  must  \k  addciV  ^,oS^.,\^^'^'^  '^^^ 


I 


I  com 


713  DCTERUINATION    OF    CftEA   l!C    UlllVC 

water  grain  measures  may  coittspoiiil    to  I  grda  u(  ■ 
•odium. 

2.   Pff)iaralinn  of  the  SoMion  of  yitrate  of  Si/«*3 
for  ranr/vinff  thr  ('fiforiae. — i7+'3'i  grahia  of  fii*ed  &it 
are  diiKwIved  in  vrat«r,  and  diluted  until  tliclifiuidaoit 
IP^in  mfiaatu-cs  ;  loo  ]^in  mcAsures  of  Lhis  eolutioa 
I  grain  of  chloride  of  sodium. 

5.  Prfparalion  of  the  SoliUi^N  0/  Xilrale  of  Merctry  H 
delfrminiitff  the  Vrtn. — A  conoeutraUrd  solution  of  nitinlc 
cur}*,  mutaiiung  a1x)Ut  ij  grains  of  tUe  Kail  in  tfilograiiiiB 
is  prepared  according  to  Uic  dircctious  already  gi«i:n.  1 
to  graduate  thissolution.tio  grains  orgmrc  urea  are  to  bediai 
water,  and  diluted  till  ll>e  Totiime  of  tLu  M>)utiou  amouutili 
3OO0graJDs:  150  gT^u  invtuun-s  of  this  liquid  are  to  lie  pn 
a  tMiikcr,  and  tiie  mercurial  aolntion  iii  to  )>e  nddMl  from  a 
till  a  few  drop*  in  a  watcti-glsss  produce  u  di>>tinct  yellon 
with  carbouute  of  soda.  If  the  solution  were  of  the  csacti 
dc«irtM,  it  iTould  rec|iiire  300  grain  measures  of  tlie  merod 
tion;  but  if  the  latter  be  prepared  of  the  strength  aboredd 
Bomewliut  smaller  quantity  will  be  rcfjuiaitc,  luid  a  quantilj 
cxiictlr  sufficient  to  reduce  it  to  thia  atrengcti  must  lie  adill 
Bolution. 

It  will  be  found  conrcnient,  in  executing  analj-Kk  of' 
iliis  mctliodj  to  he  provided,  1.  with  a  pipette  capablcuf  <k 
t^vnctlj-  21.;  water  grainu  Irom  a  mnrk  upon  ibt  stem,  be 
iog  off  the  diluted  nrine ;  3.  with  a  small  burette  dtndcd  it 
mrasurcs  of  water,  and  capable  of  mcnsuritig  too  gv 
the  incrcuriiil  dilution  No.  1 ;  and  3.  nith   aii  ordinal' 

meter  buiette  (I'^K^  3*9i  P*rt  11.),  for  the  oicrcuiii 
No.  2. 

Before  proceeding  to  determine  the  amoaut  of 
urine,  it  is  noccwarjr  to  remove  the  phuaphoric  acid  oual 
the  liquid.  Tlii«  i*  clTccted  bjr  ul-.-iub  of  o  muiari 
volumes  of  eold  saturnted  baij-tn  water,  and  one  volmuc 
saMirated  solution  of  nitrate  of  baryta.  A  gloM  cj'Hiider 
one  owvve  iu  capacity  is  filled  to  ovcrltowing  with  urine,  I 
being  rumoved  by  causiug  a  glam  plate  to  ^lidc  over 
tbecylinder;  two  such  cylinderruU  are  to  he  poured 
and  mixed  Mitli  one  cy ItiHlerfiil  of  the  baryta  r 

cipitate  thus  formed  ix  to   be  Gllcred  i.fTj  a 

chloride  of  sodium  in  asj   gntin   nica»urc»  of  the 
grains  of  ur'mc^  U  tq  tw  ^i.■.  ■ 
aiUlitiot)  of  uilnc  tud<\  t^w 
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ercwry  "So.  l,  till  »  cbtidinesB  aiip«irs:  450  grains  more  of  the 

filtrate  {=300  grains  of  urine)  arc  then  to  be  measured  off  into  a 

aejMirate  verwol,  und  mixed  with  n  quantity  of  the  5tnii<lunl  riuhitiou 

of  silver,  equal  to  twice  that  of  the  mercurial  solution  employed 

ia  the  pnxeding  experiment.     The  liquid  is  to  be  filtered^  and 

hiillc  of  the   filtr»te,  cqiinl  to   323    mcR»tir«l   grains -f  hcilf  ihc 

ul  ume    of  silver    solution    used,    ia   to    be    employed    for    the 

Ictcrmi nation  of  the  iirea.       This  qunatity.  which  correspond!! 

ijo  grains  of  tirinc,    is  to   be   poured  into  a  hcakcrj  and  the 

aat«d  merciinal  solution   No.  i  added  from  a  hurctte  with 

:iuent    Mitring,  until    no    further    incrcnse  of  the  precipitate 

i»  perceptible.      In  order  to  ascertain  whether  a  eufBcieut  quantity 

lof  the  mercurial  Mjlutiou  has    been    added,  a  few  drupa  of   tfie 

urbid    liquid   are  to  be  removed  with  a  pipette    into   a  -wateh- 

ltt£9,  and    2  or    3    drops  of  a  solution    of  carbunate    of   soda 

.llowed  to  flow   from  the  edge  of  the  glaw  into  the  liquid.      If, 

after  some  niiuutws,  the  mixture  retain  its  while  colour,  a  further 

qoaDtity  of  the  mercurial  sohition  is  to  l>c  added,  until  a  fresh 

Kample  plainly  exliihits  the  yellow  colour  »fVer  the  addition  of  the 

carbonate  of  soda. 

PiflU'd  has  succcHfifully  applied  a  modification  of  this  method 
to  the  detection  of  urea  iu  healthy  blood,  and  he  has  even  euc> 
ceedcd  in  estimating  the  diQcrcnce  in  the  quantity  of  urea  con- 
tained iu  the  hluod  of  the  renal  artery,  and  m  that  of  the  reual 
Tein  after  the  blood  has  undergone  the  depurating  iuflucnce  of 
the  kidney,      {('umptes  Rnutm,  Sept.  8,  1S56.) 

(1414}  Compound  Ureoi. — A  remarkable  uerics  of  compounds 
may  be  obtained  from  urea  by  the  displacement  of  a  certain  number 
of  the  Atoms  of  hydrogen  which  it  contairiB.  The  formation  of 
the«e  compounds  is  readily  explained  upou  the  hypothesis  that 
IS  the  diamide  (i  171)  of  carbonic  acid  :  (CjO^)"  would  theu 
upjr  the  place  of  II,  iu  the  double  molecule  of  ammonia;  thus 

(CA)' 


fuea  C,n^^Sfi,= 


N(r  *oi  each  of  its  four  atoms  of  hydro- 


Igcn  would  admit  of  displacement  by  au  eipiivalent  amount  of 
[aoaie  organic  radicle.  Compouuds  of  this  kind  arc  readily  formed 
lia  moet  ckscs  by  the  actiou  of  cyaiiie  acid  upon  the  hnsc  which 
Ibey  represent,  jiiat  as  ordinary  urea  m  farmed  from  ammonia,  by 
KtJug  upon  it  with  eyaiiic  acid.  Tlicy  may  also  be  obtained  by 
ilccoiuposiag  the  cyanic  ethers  with  ammonia.  The  compound 
ttrcu  combine,  like  ordinary  urea,  with  acids,  and  form  eryKtal- 
lUiable  salts.     Examples  of  the  formation  of  thc&c  coni\tQnra^WN% 
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Sthyl-ure* 


KUiy  l-mcUijrl-urea 


Tctrctliyl-area 


Phcuyl-wrea  | 

(cnrbniiilAmidc)) 


DipIkeo^vUnrea 
(flavine) 


HO.CjrO  i 


^.'-''''cst^ 


no,(.>o 


nlrcady  occurred  in  the  caM  of  the  alcohol  radicles  (loii); 
wc  have, — 

(C,OJ" 

O  IT 

(C.IIJ, 

Phenyl-ethyl-urea       =CuUuNjO,=  ^.»'U'    j-N,. 

It  is  obvious  ttiat  this  claM  of  coni]ioun<lH  admits  of 
mnltiplicd  and  varied  as  extensively  as  the  allied  group  of  utifi- 
ciul  hasc«.  Some  of  the  n&tiirnl  organic  bases,  such  as  uiootrlit 
and  convlia,  when  rondc  to  net  upon  the  cyanic  ethers,  alM>  re-acC 
like  nmmonin,  and  give  rise  to  bodies  helonging  to  the  clam 
urea!)  (1199). 

(1415)  Urades. — Urea  likewise  givc«  rise  to  tho  formatioti  ^ 
another  class  of  componTxts  analognuA  to  the  amides,  formit 
HubstiiiicnH  which  have  been  called  nrtfide*  ,-  that    is  to  My, 
hodits  may  be  represented  a«  Bolts  of  urea  from  which  Uicoleoc 
of  water  have  hecu  abstracted  1 — 

IIri*t!i»lii«I  hmioMo  of  nn*.  Tliimiiiuij). 

ii.M,cp,.no.c,.i].(>,=  H..c,.u»o,.N,cTo.+ H,o, 

When,  for  )ii«tance,  a  mixture  of  an  atom  of  urca  vritli 
atom  of  ODC  of  the  oxychloridca  of  the  acida  (1094} 
liCBtcd,  deGoro|>oaition  occurs,  iumI  a  urcidt-  is  funned.  Thu», 
urea  be  heatt'd  to  300°,  or  310",  and  then  gradually  mixed 
cliloride  of  bcnscoyi,  takittg  care  that  ttie  temperature  aball  ik4 
exceed  320°^  the  maea  becunica  pwty,  the  odour  of  cbloti'lo 
of  beuzojl   duopfont  *^^  b««xuvcMic  \a  left  in  the  fono^a^ 


CRKIDBS — BICHET.  ^^^T  71& 

ptnrdcrj  vHcb  is  soluble  iu  alcobol  but  ituoluble  iu 

or.Wwvi 


rm< 


Brniiirriitn. 


or  acetyl,  cliloridc  of  butjrj  1,  and  chloride  of  rak-n-l 
p  made  iu  Ukc   manner  to  yield   respectively  acetureide 

H,Op\C,OJ;      hulyrurcid^     ["vC,II^O^N,C,OJ  ;      and 

^m  tbeM!  urcidea,  there  arc  Tarious  coinijounds  knora 
bear  a  relation  to  urea  »iniilar  to  tliat  of  tlic  urnldntvd  acids 
ItOtua : — for  cxHiupIc,  allu|)hanic  acid  ( joi  2  ;  IIC),Cjil^X,OJ 
B  tcgardod  as  carburtic  add,  aimlogous  to  oarboiaic  acid : 
le  Hctd  (143A)  may  in  like  maimer  Ih^  vicvred  as  oxalurrie 
irbiltit  parabaiiic  acid  (14^)  would  rvjiix'scnt  tiie  ioiidc  cor- 
bog  to  oialuric  acid  (Gerliardc),  thus: — 

^^K       Cwlwnic  MlJ.  lUcBfbautg  ofuufBoala. 


•>  ml.  HrroUrUt*]  rarhnnirf  at  um  m.l  -nUr. 


1  OiahuieadJ.  B;i<Jbt*i«lu>>IalF<.f  uni  ■Ddoalcr. 


I  deri 


CjH^NjOj.  a  ilO.C^Og-    HjO^  ; 


3  HO,C,NA  =  C,U.N\0„  2  H0.C,0„-2  HA- 

Biiar/  (CjH.Np^  +  i  A(i).— This  corapoond  has   the 
due  10  b)Q'»uiite  of  ammonia;  but  it  afipears  to  be 
derivative  rroni  cyanunc  acid,  and  to  form  one  of  a  series 
of  which  may  be  thus  jepresented  (Hofimuin)  : — 

c7^Np;+MA-CA  =  ^NA  i 

ith  tbis  Krtea  mtis  one   derived  fnim  cyaiiurie  ethor, 
itesthcsucccsnve  stagca  by  which  Ibis  ether  i»  converted 
\m  (1013) : — 


'llV. 


Kmlnl  Ui^x- 


■15 


nirKCT— KimATIKI 


i?ifc-Wr 


C.E 


'A+HA-CA  = 


CAic^P^.o.+HA-c,o»  = 

Avcwrf.  Aiy.  Soe.,  xi.  365.) 


ti*  ptcffrd  bf  nf  ItiDg  area  for 

» lesfcatare  brtateu  joo^  and  340''. 

oft  of  lanoaia  bas  ceased  and  the  ma 

it  »  tnated  vith  a  stnall  qiu 

after  filtratuo,  is  niixnl 

t  «f  kad ;  <7«mic  and  inelaiiuric  acii 

Boaef  lead  is  rcnorcd  hy  aulphti: 

on  evapotaboa,  pelils  gnu 

»  wry  salable  txjtb  iu 

finn  its  alooboJic  soluti 

II  is  a  reoiarkjibly  stl 

b;  eoacBntnlcd  sulptiu 

A  cbararteriBtio 

lofiKianMclT  red  Bqatd  n-hcn 

tiH  of  B«ltaf  CBfpcr,(Qlknitd  bj  the  ad 

^  fU^A,  are  added  to   iu  atjoeona    «] 

A*.  It  it  Aeoompaaei   into  amtnoi 


J  C.H.N.O,  =  1  (3  HO^,N; 

1141:]  Vrca  M  MttHDpaiued  ia  imoi 
•kWr  cyy»taHi«nMe  priudplei,  wliich  1 
sod  kmtmime.  Tbe  alkaline  ] 
leeUe.  In  onlcr  to  preiiarc  t 
B  to  be  Da]tratiae<d  bj*  time,  aw 
added,  w  long  as  it  prudai 
is  la  be  cnixHnted  by  a  yra 
oa  eonliitg ;  tbc  molber  lienor 
■tbcd  «itb  oiw-tvmUetli  of  itc  bulk 
ofnnc.  Id  tbe  coane  or  tb 
jcOdv  ojvtalliae  gnias  ot  cUI 
voHd  with  OT^ttals  of  lucatinf-, 
BMC  be  WRsbed  with  odd  valor 
vatcr,  afVr  whicb  tirdrated  oiridc 
tbalMfud 


KJIUTIKB. 


717 


aiid   o\)-ch)oriiIc  ot  lead.     The  Hltered  solution   i« 
ith  (uiimal  L-luireoal,  in  order  to  remove  ndliering  coluui'< 
■Uer,  atulj  on  evajMruting  tbc  eulutiou,  mixed  crystulit  of 
«  uiil  krcatininc  are  deposited.      Hot  alcohol  dissolvcii  the 
inc,  and  during  eTAporttion  viclds  it  in  erystnU.     The  lin- 
ed porttoii  id  icrcatioe.     If,  instead  of  employing  frcah  urine 
!  cstractiuo  of  krcatine  and  krealiniae,  it  be  t&kcn  uflt-r 
letiou   has  commenced,  the  kreatinc,  iiocording  to  Licbig, 
Lfo  (liMppearcd,  nbilst  the  kreatiuinc  remains  uncluuged. 
Xeadoe  and  krcatiniuo  were  originally  rliM^overcil  among  tho 
nonts  of  the  fluids  contnined  in  tho  mu^eular  tiuuc,  abeiica 
erire  ihi'ir  name,  from  K^ia^,  (fleah.)     There  can  Ik  little 
bat  that,  like  urea,  tlicjr  are  (iroduct^  of  dtsinte^rutiuii  of  llie 
Uar  ti«Aue,  imd    that   they   art-   dcstiucd  cithci:  for  ulterior 
^B  tbe  economy,  or  fur  immetliate  rejection  as  excrementi- 
IRter. 

ir«/''«*- (0^11^^^0,4-4  Aq=i3i  +  i8). — Kreatinc  is  present 
juice  of  tbe  detib  in  very  small  proportion,  a  pound  of  flesh 
f  on  an  average,  accurdiiif;  tu  Uri'^^ry,  about  firu  grains; 
titjr,  bowiircr,  varies  in  the  llt'sb  of  diffcreut  auiraals.  Tba 
the  oouimon  fowl  vas  found  by  Gregory  to  contain  more 
tban  that  of  any  uuimal  upon  vhich  hia  «pi:rimenta  verc 
but  cx)d  fish  is  the  cheapest  source  of  kreatinc:  ]o,ooo 
if  fresh  eod  fami>h  from  g  to  17  parts  of  krenliuc,  vrhilst 
iC  wcigbt  of  fowl  furnishes  32  jrarts.  The  hwt  process 
in  chopping  up  raw  cod  (incly,  mixing  it  with  an  equal 
water,  and  expressing  tbe  liquid.  This  liquid  is  next 
KTEdeiitly  to  uongulatc  the  albumen,  taking  care  to  avoid 
ion,  nAer  wliicli  it  in  filtered.  Baryta  water  i*  then  added 
Hly,  to  long  08  it  occasions  n  precipitate  ;  the  liquid  is  agoiu 
\f  to  Keparatc  the  phospbntr  of  )«iryta  ;  and  the  filtrate,  on 
tniporotet)  to  a  very  mnall  hulk,  yicUU  cryntaU  of  nearly 
Eteatiuc.  It  may  be  rendered  quite  pure  by  a  sccoiid  erys> 
lion. 

itatinr  ery«Uilltze»  in  colourlcH,  tmnapareot,  brilliant,  ob> 
pmnu,  whicli,  when  bcatcd  to  3ix°,  become  opaque,  and 
Ktir  watpr  of  rryatallixatinn.  Kreatinc  is  sparingly  mluble 
oter,  of  which  it  requirea  75  times  its  weight  for  solu- 
freely  dissolved  by  boiling  water.  Alcohol,  when  cob), 
ilrc«  it ;  it  Ik  intiohihle  in  ether.  Tlif^  aqueous  solu- 
:ak,  biltcritib  ta.«te.  Allbough  kreatiue  u  neutral  to 
it  fufinB  definite  eon)poun()<i  iritU  some  oC  VW  %i:\&')k. 
bra/e  qf  irea/ine  fC,H,NjO^HCI)  torin's  ciAowAwft, 
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vell-clenned  crystals,  nhtcli  arc  sol'ible  in  water.     It  ma;  be  ; 
pared  by  mixing  aoliitioits  of  equivftlent  qanntJties  of  IiydrochU 
acid  aud  krcatinc,  and  GVk[)Orating  in  vaeuo,  or  by  a  tempcrstuif^ 
not  exceeding    90°.     TUc  sutpkate  (2  C,II„N,0„2  IIO.S,0.} 
b«  obtained  iii  a  similar  nwuner ;  the  nitrate  (C^H^jO^HO.N 
may  abo  bo  obuiued  in  brilliant  crystals,  whjcb  hare  a  very 
taste. 

Wlica  krcatioc  U  boded  with  oxide  of  mercury  the  osidi 
rediK^,   and  a  basic  subatAtice  is  farmed,  which  DessoJgnM  1 
mctliylummiiie  (C\H.N,  ;   1420).     The  same  substance  may  Ik 
tninod  by  boiliug  krcutiiie  irilb  sulphuric  acid  and  peroxide  of  1c 
When  a  sniulion  of  biuoxidc  of  uitrogon  is  tran^uiitted  tht 
solution  of  nitrate  of  krcatinc,  an  nbuiidnnt  i^iRcngngemcnt  of] 
occurs;  on  neutralising  with  putafth,  evpamttiig  the  nitre  by 
tallisation,  and  adding  nitrat«  of  Bilrer,  a  cryslslline  coinjiotindB* 
obtained  (C^H^X.AgOjNOJ,  composed  of  nitrate  of  silver 
new  hose,  to  which  Dcssaigitcs  ueaigna  the  fomtulu  C^II^N. 

If  krcntinc  be  Iniled  with  cither  eiiljihiiric,  hydrocblorie,  nitni? 
or  pbosplivric  acid,  it  is  decomposed,  each  ntom  loftiiig  2  atcmiidf 
water ;  whihtt  krcatiniiie  is  formed,  and  enters  into  combiiiati! 
with  the  acid  : — 

XrMtlnc.  KtrMlnlDCi. 

Alknlinc  bodies  produce  with  krcatinc  a  diifttrent  result, 
for  instance,  to  a  boiling  solution  of  kreatinc,  cry«tallized  hydr 
of  baryta,  equal  in  weight  to  ten  timcit  that  of  the  krvatinc, 
added,  the  kreattne  is  gradually  dfcon)po««d,  another  new 
termed  sarkosine  is  formed,  and  urea  ia  found  io  the  liquid;  ow' 
aitoni  of  hydrntcd  krcatJiie  fiiriiiitbiiig  the  elements  of  one  atom  of 
HHrku&iue  and  one  of  urea  : — 


ttwaia*. 


UlM. 


Svtami*. 


By  cotitiuued  boiliug  uilh  baryta,  the  urea  it»clf  \»  deoorapofol 
into  ninmonia,  nhich  in  expelled  during  the  ebuUition,  and  cart 
acid,  which  conibiiivs  witli  the  baryta. 

(141R)  Kreatimne  (C„H.NgO,=  ii3). — This  ba»e  may  be 
cured  from  urinn  by  the  method  already  descfibed  (1417},     It  tnrr' 
also  bcobta'jiod  by  boiling  krcntinc  with  hydrochloric  actd  ;  hjilm- 
chlorate  of  kreatiuiuc  is  thus  formed,  and  from  thia  the  add  may 
be  aeparatcd  by  boiling  it  with  hydrated  oxide  of  lojtd  in  ence** . 
a  ydlow,  iusoluWc  ox^cVAonit  *jt  Noi^  S*.  ^t^isA,  «kI  the  Jut-u 
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iflinit  in  lolution.     Its  ciysUla  require  about  twelve  |iarU 

!vrat«r  fur  Mjlulioii,  and  tbej  are  still  iuoi«  soluble  iti  but 

krcatiitiuo  i>  also  diseolred  sbuiid&utlj'  by  bailing  alcobol, 

>IalliseB  ou  cooliug.      Its  wjiieom*  aolutioa  restores  tbo 

tu  roddeucd  btaius,  and  expcl«  ammoiiin  wticu  heated 

lUous  of  animoniiLcal  salts.     It  bas  a  strong  teadciicy  to 

double  saltri :   tor  ex&mple,  if  a  solutioa  of  iiitiaU:  of 

todcraU;!;  concmtraled,  be  uiLsed  uilb  one  of  krcatiuiDt*, 

oca  couverted  into  a  raagmu  of  white  nccdlts,  which  arc  very 

bulling  water;  uiid  a  !>imilar  c<)iui>ouud  is  formed  wliuit 

in  of  comjaivc  ijubliuiate  is  i^ubntiiutcd  fur  (bat  uf  nitratu 

Tbf:  chloride  of  zinc  and  kreatiulnc  (ChII,Xj0^^iiC1) 

tpariugly   soluble.       With   the  italls  of  cujiper,  krcaliitinc 

,n  blue  ciystolbzable  compound,     Uoth  the  sulphate  and  the 

of  kreatinine  may  rr^dily  be  obtained  in  cryslaJs. 

ttf)  &iriiotine,(T\ixa  «iip£,fle»li  (CgH^NO^sfl^). — In  order  to 

tliid  nikali,  the  dilution  of  krcatinc  uii»t  be  boiled  vrilb  ten 

ffU  Mcigbl  of  hydrate  of  l>aryta  until  all  odour  of  sniRionia 

we  disappeared.     ITic  vxcc-ss  of  liaryia  is  to  bu  reiuovcd  by 

at  of  eurltoilic  acid  gas;  the  solution  is  to  be  bailed,  filtered, 

jrated  to  the  coiisisteuce  of  ityrup,  from  which  the  sarko- 

'%y  bo  obtained  iu  foliated  crystals.     In  unlcr  to  cuaurc  ita 

it  may  be  i.'onvcrted  luto  the  form  of  Auliibutc,  tlie  iu|iuxius 

of  which  may  bo  deoompuiied  by  pure  carbonate  of  buryta. 

crystallizee  ia    right   rhombic,    perfectly    tranapnreut, 

piistos,  wKteh   are   freely  soluble   in  water,  npariogly  to 

and  insoluble  iu    cCbvr.      At  a  teiupcratum  a  lictlu 

112'    they   molt,  aiid  may   be  sublimed  unchant^crl.     ltd 

cvhitioa  liaa  u   sharp,  ancetii^li,  soiuuwIihl  metiillic  tii^tc, 

no  action  on  vegetable  ouloun.     It  forms  crystal  lizablu 

icli  hnrcau  aeid  reaction.  The  sulphate  (3  C„il.NO^  2  HOj 

i  Ai{}  ciyfttalliscs  iu  eoluurlexa  quadrangular  cultcs.      V\  itb 

le  of  pUtinuui,  aarkoflitus  girea  a  double  talt,  which  by 

ut  cvaporatitin  tiiav  tic  obtained  in  large  yellow  flattened 

(C4lI,N'Oj,llCl,PlCl,  +  2  .Vij}.       Sarkoiue    is    isomeric 

^■Saniuu  oitd  carbamic  ether  (urulhaue),  as  well  *a  with  lacta- 

hh  (jtiitc  distiuct  froiD  all  thc»c  liwtics  id  properties,  and  is 

Ue<l  from  them  by  ibt  iiuulnhility  in  etlier  and  in  alcohol. 

tcactioiia  Strecker  considers  it  to  be  fottkyl-glycotine. 

1U(M,N)0,.  (1415) 
iiol   iielfiylnraiuine  tC^njNj^sjj). — When  an  aqueoo*  6olu- 
L    .tiricorofkrvatiuino  is  boiled  with  oxide  of  metcuT^,car> 
id  ta  owlred,  the  oxide  is  mJui'cJj  and  011  ova|>orai\.\n%  \\\a 
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solutioQ  a  copious  crj^talliiatioQ  of  D&alate  of  tucLliyloramine  tali 
place :- — 

EnHlU*.  OnlaU  orvMbflanBlw. 

Whca  ttic  oxalut«  of  the  banc  ix  decomposed  by  milk  of  limc^ 
methyluramine  is  lilwrated,  and  may  be  »1)taiaed  in  the  form  afi 
cvtourleas  delique^ctit  oaass,  by  «vaporaURg  ttie  raluiiou  in  vaem 
It  is  poncrfiilly  alkaline,  and  absorbs  carbonic  acid  rnpidlf  ffoin 
the  air.  It  hao  &  cauHtie,  lotnewliat  ammoniacnl  taste.  Wbn 
heated  on  ptatiiiiini  foil  it  is  almoH  wholly  volatilisetl.  If  boiled 
with  baryta,  water  it  in  dcconiposcil,  aad  vspours  of  motbylia  an 
evolvejl.  Methyluramine,  in  fact,  contaiiM  the  elements  of  tat' 
tlivlia  and  of  urea  miuus  those  of  water :-~ 


UfUirlnnintnn, 


M(Ui;Ila. 


C,H,N,  =  C,H^N,0,+C,H,N-H,0,.* 


i 


Oxalate  of  methyluramine  (a  C^UjNj,2  HO,C^O,  +  4  Aq)  crys- 
tallizes in  flattened,  double  prismH,  which  arc  very  soluble  io  water. 
It  is  easy  to  (irepare  other  salts  of  the  base,  iuch  as  tho  bydifr 
clilorate,  the  nitrate,  and  the  sulphate,  by  decompOMug  the  oxaUu 
vibh  a  Bolutiou  containing  an  equivalent  quantity  of  bydrochloratr, 
nitrate,  or  Hulphatc  of  lime. 

(1421)  GiitffdVitf  (Oj„UjNjOg=i5i)  wasobtaincdby  Uogrrfroa 
guaoo ;  it  ia  also  fouud  to  constitute  the  principal  portion  of  the 
excrement  of  the  garden  spider  (E/ifira  diadema),  and  it  wait  found 
by  Schcrcr  iu  the  pancreas  of  thu  borH:.  lu  order  to  obtain  it 
from  guano,  this  substance  must  be  boiled  with  milk  of  lime  tiutil 
the  liquid  shall  have  acquired  n  ycllowisli.gr€«u  tint  iatiteailofi 
brown  colour.  The  li([uid  must  then  be  liltcrcd>  and  neiitnlixd 
with  bydroehlonc  acid.  'Plie  guanine  v»  slowly  de|Knitcd,  miud 
with  ufio  acid,  and  assumes  the  form  of  a  llcsh -coloured  precipi- 
tate. This  precipitate,  when  boiled  with  hydrochloric  acid,  pio 
np  the  guanine,  aud  on  cooling,  a  compound  of  tbts  body  with 
hydrochloric  acid  is  obtained  in  crystals :  the  acid  may  be  reniOTfd 
by  digestion  with  ammonia.  Certain  specimens  of  guano  were  founJ 
to  yield  nearly  6  per  cent,  of  tlii»  Hubntancv.  Guanine  forms  s 
yellow  powder  which  is  insoluble  in  water,  alcohol,  and  ether.  It 
appcan  to  posst^ss  the  properties  of  a  feeble  base,  aud  is  soluble  i| 


rifoa 


of  a  peculiar,  alupi(ij'iD]^odoMi,'KbLlit  eulphale  of  mrtbyha  it  furincd  ia  A« 
iiqoiu. 
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acids,  forming  unstable  compouads  v!tb  ttiom.  Gub- 
1ft  both  nutlrul  mul  ncid  »a\t»,  tliR  neutral  compound  with 
chloric  ocid  Jiciiig  [3(C,„tii,Nt0^liCI)  +7  Aq],  aud  the  acid 
IjJJj0j,2  UCI) ;  both  of  them  lot*  the  whole  of  their  acid 

hcatni  to  391°.  Och«r  salCR  of  ^anine  contain  three 
■ta  of  the  hoiiB  and  four  of  acid.  OoaDiue  forms  a  crya- 
:  doable  chloride  with  bichloride  of  platinum  [(C,„HjNjOj, 
^tCl|-t'4  .\4].  Guanine  also  onmbinea  with  the  alkalies, 
lore  aolabl«  in  alkaline  solutions  than  in  Che  acids.  It  is 
tidixcd  by  a  mixture  of  chlorate  of  potash  and  hydro- 
acid,    yielding    numerous    jH-oHnrbi,    among  which    are 

■rid,  oxaluric  acid  aud  urea,  the  reiuU  of  the  decompo- 

imrabanlc  acid  (1433)  <u  wcU   a«  a  new   base   termed 

by  Streeker  :— 

Pwtfaanlo  trU.  Ouuiidiii*. 

.H,S»0,+ 1  H,0,+3  0,  =  iCfi^fil-i-i  Cfi,+  t'c^B^,. 

ae  is  homologouK  with  methylummiuc  (CJl.N,).     It  is 

aa  HofaiBJiu  luppoin^s,  u  tnaiumuiiia  formed  from  3  atoros 

in  which  4  atoma  of  hvdrogcu  have  been  displaced  by 

the  products  of  the  osidntioti  of  guauiac  in  xanthine 
quantity,  the  formation  of  which  may  be  represented  by 
»wiag  etjuatiou  : — 

UouUM.  XiUUm. 

j)  Xanthine  or  Xanthic  Oxide  (C^^M^fl^  was  disoovcrcd 
as  the  priocipiU  constilueiit  of  a  very  rare  variety  of  uri- 
IttS.      Golict  has  since  found  it  in  some  oriental  bezoara 
Grom  the  iatettines  of  certain  ruminating  auioiaU.     The 
which  contain  uiiithiue  are  of  a  pale  brown  colour ; 
,  poliilicd  surface,  aud  a  l&mcllar  fracture.     These  cal- 
treadily  soluble  in  n  solution  of  potash  ;  and  on  neutralizing 
Mlution  with  au  acid,  lautliiuc  is  precipitated  iu  tbu 
rbite  povfdcr,  which  ia  iuxoliibic  iu  water,  sLcohol,  and 
It  aajuircR  a  waxy  luiitre  ou  friction  with  a  hard  body. 
|ic    alkalies,  i>articularly   aranionia,  dissolve    it  freely, 
ric  acid  dissolves  it  very  sparingly,  but  it  is  soluble  itt 
jcid  ritbout  eflcrvesceiice :  the  solution,  when  evaporated, 
(  leoinu-oulourcd  residue  (hence  the  iiuuc  xanthine,  from 
'  tcllow').     This  rcsiil ue doea  not  become  rod  bv  ibt;  action 
4da.     lA'bcn  distilled,  xanthic  oxide  ;icld«  hvdtQc^uac 
nrbomie  of  ataiaotiiA,  hut  uo  una.     It  GonV«iu«  v«of 
3  ^ 
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aloiut)  of  oxygen  lesa  than  nonnal  uric  acid.  SteMcW  foanj 
xatithiue  ililTtucd  pretty  extensively  through  difTcrcnt  orgunt  of 
tbe  body,  »ucb  a«  the  liver,  epl«en,  and  paocreM,  as  well  »*  tlie 
brain  niul  niiiBCiilftr  tisaue.  It  may  be  separated  from  other  Ixtdm 
with  which  it  is  associated  by  the  inKolubility  of  the  compoand 
with  the  red  oxide  of  mercury  which  U  formed  on  adding  accMl 
of  mercury  to  a.  solutioa  of  xanthine;  it  alao  gives  a  prcdpitati 
with  Bub&cetnte  of  lend. 

(1423)  Ht/paxani/iitie  (C,(,H^N,0,)  coutains  two  atoms  of  oij^ 
less  than  the  preceding  compound.  It  was  fouud  by  Scfaerer  ■ 
the  liquid  contained  in  the  Rubstance  of  the  spleen  both  of  mao 
and  of  the  cow.  Hyioxautliinc  baa  also  bceu  found  in  tk 
thyroid  and  thymus  glsnila  ;  and  it  apjicara  to  be  identical  will 
the  base  obtained  from  mnxculnr  tiajine  by  Strcckcr,  and  c&lled  bf 
him  Sarcine.  Hypoxanthiuc  is  a  white  powder,  which  is  oadj 
insoluble  iu  water,  but  eolnble  in  a  dilute  solution  of  potaiJi,  » 
well  as  in  dilute  hydrochlone  acid ;  this  acid  niny  indeed  be  msdi 
use  of  in  order  to  separate  the  base  from  xauthiuc.  It  in  altackd 
by  nitric  acid  with  evolution  of  gas,  and  leaves  a  bright  yi 
cryatallinc  residue. 

Strccker  (Licbig'a  Annal.  cxviii.  151)  haa  lately  pointed  out 
the  close  relations  which  exist  between  several  of  the  base*  vldcb 
Lave  been  just  described. 

Guanine,  for  example,  is  re^rded  by  Strecker  as  a  (■yannrettd 
compound  triatoinic  ba»e  aualogou*  to  cyauiLiuc  aud  to  cyano- 
codeia :—  ouMiiw.  cjiuuiw. 

If  kreatiue  be  the  bydraled  ainmoaium  base  corre«pODdiDg  tj 
krcatiniae,  wc  should  have  the  following  aeries: — 

llrrf:!"-"-  ■  Ilk"}"" '  ^•l''' '  rh 

Tbe  formula  of  saDlhine  woidd  allow  of  its  Wing  con«i< 
mW  forming  one  of  a  wrics  homologous    with  theobromine 
eaffciac;  for 

Xanthine =    Ci^H.N.O, 

Theobromine =    C,^H,N,0, 

Caffone =    C^H,^N,0.. 

J3at  direct  expehmtnVa  Wve  «Vtr«ii  ^Cu&  caSsuie  is  a  ntetl^l 
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rative  of  tlieobromine  (1219),  and  the  two  liodlea  httai  in  a 
clatiou  similar  to  that  of  clhylia  to  dictliylia  ;  Hhilst  as  vet  tbc 
tpcrimcDts  oo  the  convcraiun  of  xanthine  into  thvobromiuc  h&fo 
iiiisucceoaful;  for  xanthine  whcu  treated  vritlt  iodide  ofmethjl 
ields  a  new  methylated  base  tnctnmcric  wit)i  theobromine,  but 
>t  identical  with  it.  The  formnls  of  these  bases  may  probably 
tlni»  rejireaeuted  (Strecker) : — 

aathiDc,  kreatine  aucl   kroatinine,  coutainiag  glyeohjl  (C^HjOj)" 
jie  radicle  of  glycolic  acid,  while  theobporoinc  and  caffeine  contain 

ttyl  {^^^\\p^y',  the  radicle  of  lactic  acid. 

(1434]    Bates  komohj^otm  wUh    Gltfcoclne, — The  three  bases, 
Jyeocine,  alanine,  and  leucine,  are  hoinologoiiB  bodies,  and  when 

ibmilted  to  the  action  of  nitrous  acid  their  are  decomposed  ac- 

irding  to  the  follvwiog  formiUs,  and  furnish  acids  which  arc  aUo 
bomolo^us  with  each  other : — 

(C^H^„NO0+(NOJ,=  (HO.€„H.._,O0+jN,+H,O,- 
relation  of  these  bases  and  acids  to  each  other  may  be  thus 
^lepresented  : — 


Bases  (C^H^.NO.). 


Gljeocine  ....    C,  H.NO, 

AlMinc C.  ffjUO, 

Leadnc CyH„NO^ 


Acids  tH0,C,,H^,O,). 


Glfoolio    . 

laelie  .    . 
Ltnuiia  .    . 


HO.C.  H.O, 
HO.C.  U.O, 
HO.C„U,.0.. 


The  azotised  bodies  contained  in  this  scries  possess  but  very 

i&eble  basic  power,  ulthough   they    form  cry.itiillizod    cucnpouuds 

rith  the  acids.     There  can  be  little  doubt  that  they  are  the  re- 

'prescutativesof  a  class  of  compounds  co-cxtcnsivc  with  the  volatile 

Cuty  acids,  anil  probably  the  iiiiaeitig  terms  of  the  bcxics  might 

be  ohtainc^l  by  processes  similar  to  those  which  furnish  alaaine  Htid 

Lleocine,  vi2.,  by  iicliiig   upon   n   mixture  of  liydrocyaiiit;  acid  witb 

[the   corrcApouding  aldchyd-amuiuuiu,   by  weaua  of  hydrochloric 

[•od.      Gljcocine,    alanine,    and    leucine    arc   isomeric  with    the 

I  ainide<t  of  glycolic,  lactic,  and  lencic  acids  ;  hut  they  are  uot  the 

amides  thcmsolrce  :  glyculaiuidi:  mid  taclamide  may  be  obtained  by 

tcting  upon  the  glycolic  and  lactic  ethers  with  an  alcoholic  solu- 

ttoo  of  Btnmoiiio,  Init  they  diffir  in  propeities  from  glycociue  and 

alaniuc.      ludccd,  the  true  amide;*  arc  all  decomiKjscd  into  salts  of 

nORKHiia  when  boiled  with  dilute  acids,  whereas  the  com^uwd^ 

of  tlie  glycocino  scw«  may  be  boiled  with  dUiite  acviii  lot  V»jx» 
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without  decomposition.  These  bases  wtien  Bubmittcd  to  dry  So- 
tillRtion  yield  carbonic  acid,  and  luethjlin^  ethylia,  uid  uoyYa  rp 
spectively ;  for  example : — 

OlfnidML  MeibjUa. 

c7H(N0^  ss  c^V?  +  c,o,. 

(1425)  Glyeoehe  or  Gii/cocoll  (C^HjNO,=  75). — TTji* 
stance  is  one  of  thv  products  of  the  dcoompo«iliou  of  gclatio 
boiled  with  dilute  sulphuric  acid ;  after  rcmoring  tlie  acid  \f 
means  of  carboiiste  of  harvta,  the  glycooine  may  be  procured  ii 
erystaU  on  cvapomtiug  the  solution.  It  nifty  also  be  obtaiutul  if 
facating  gelatin  with  solutions  of  potoslt  or  of  soda.  But  il  ■ 
moBt  easily  obtniiiM  in  a  state  of  purity  by  boiliug  htppuric  u^ 
for  half  An  hour,  with  kydrocbloric  acid  (iSjl)  ;  as  the  li()uid 
cools,  bcuzoic  acid  is  separated  in  abundance,  and  glycoctue  » 
mains  in  combiuntiou  wit^  hydrochloric  acid  :- — 

On  the  addition  of  absjlule  alcohol,  after  the  solution  has 
concentrntcd  by  evaporatiuu  and  supersaturated  with  atntncwi^ 
pure  gtycocine  is  c!eiK>^ted  in  minute  oystaU.  GJyoocino  mif 
also  be  obtained  from  gtycocbolic  acid,  one  of  the  rcaiDotu  adds 
of  the  bile  (1485),  when  it  is  decompoBcd  by  ebullition  with  hydpo- 
diloric  ocid.  Perkiu  ami  Duj>)>a  have  also  obtained  ^Woudoe 
XQ.  J.  CAent,  Sec.  xi.  31)  by  acting  upon  on  alcoholic  solution  cf 
ininiiia  with  bronucetic  acid,  exposing  the  mixture  to  beat  in  s 
eatcd  tube ;  the  reactioQ  is  repreaeDted  as  follows . — 

C^,n^+2  H,N  =  CjIp^N+H.NBr. 

Glyeodne,  ia  &ct,  bears  the  name  relation  to  acetic  aci<l  that 
omido-benioic  does  to  benzoic  acid.aud  it  may  theicforebc  riewcd 
as  amido-acctic  acid  : — 


H0,C,H,{U,N)6 
HO;c.H,0,. 


Pure  glycociuc  baa  a  sweet  taste,  which  is  less  intense  tl 
that  of  cane-sugar :  it  is  soluhle  in  about  400  parta  of  cuhl  wai 
ftlid  is  Icee  soluble  iu  rectified  alcohol ;  it  is  ituoluble  in  abaold 
aicobol  and  iu  ctWt.     QiV^cnoBA  crjiAa!fuub  ttAdUy  by  spoai 
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poratioD  of  its  aqueous  solution.     It  is  not  tiMoeptilile 
ilooUoltc  fcrmcutation.     Ite  eolution  lias  the  power  of  rcd- 
f  litmiiA  fce'tly.      It  llirovra  <lowit  metallic   nu'rcurv  frOtii  a 
of  the  »uiiuitmtc  of  this  meta].     Gljrcuciiic  hat.  b  strong 
b)  comhinu  vith  the  twids,  with  some  of  vrtilch,  nuch  aa 
juric   luui   hjdrochloric,  it  combitit^  in  3  or  3  iliRerciit 
without,  howcTcr,  ucutraluing  them ;  tniiny  of  these 
TOcb   as  the  mtralc  (C«II^KO^IIO,XOJ,  cr^stalliec 
the   sulphnte,  the   oxaUte,   suiA  the  Ii^tlrochtomtc  iumj' 
I  nhtoinod  in  crystatg.     A  large  number  of  the  metallic 
hIm  comliinc  with  glrcocuio,  displacing  an  eciuivalcnt  of 
it,   aud  forming    witli  it  soluble  ooiiipoiiTirlM,    which 
obtaiaed  in   oryKtals;    thi«  is  the  case  with  the  oxides 
nf  copper,  of  lead,  of  barium,  and  of  mItct.      These 
mar  b«  obtained  hv  heating  tin;  hvdmted  oxidos  of  the 
a  soIutioD  of  glj-coctQC.      When  gtycocinc  is  boiled 
of  copper,  acetic  acid  is  expelled,  and  a  ouropound  of 
-with  oxide  of  cop[>er   is  obtained  in  whilioii.      If  g^lyco- 
ted  with  a  strong  folutioo  of  pota«h  it  ^ivca  a  fleeting. 
fiery-rrd  colour,  ammonia  ia  eipelled,  and  oxalic  aud 
lie  acids  are  formed  in  the  dolulion.     Indeed,  few  Bub- 
M  reulily  into  eombinatioti  as  glycoeine.     lu  add). 
eompounds  with  acitU  and  with  bsMS,  it  unites  with 
ts,  ami  form*  bodies  wbtcb  crj«ttdlizc  with  great  rcgula- 
bfilliaiicy. 

mixture  of  glyoocino,  with  sniphuric  acid  and  peroxide  of 
or  perojiidc  of  lead,  be  Bubmitted  to  diBtilUtiua,  a  brisk. 
c  ocetLra,  owing    to  the  cAcape  of  carbonic  acid,  and 
rocvanic  nciil  dixtils  over: — 

w 

C^H.NO^+O^sCjO^  +  a  n,0,+  HC,N. 

aitrous  acid  is  tranamitled  through  an  aqueoan  solution 

toulual  decompoaiiiou  occurs,  nitrogen  is  diaeogaged, 

itatjtig  the   mixture  with   ether,  decanting  the  ethereal 

after  it  bss  risen  to  the  surfaeej  and  submitting  it  to  era> 

DD,  gljrolic  acid  (i  1 37)  is  left  in  the  form  of  a  syrup,  wbicb 

^j  sdable  lit  alcfJiol : — 

i 


f)    Alamme   {C,HjNOJ,— The  intcnait   atUchiiig  to  this 
from  iu  homologous  rciatioo  to  glycociue,  aniV  \a  \X» 
I  with  lactic  acid.     It  is  isomeric  with  ]actam\t\e,  m\\i 
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liarkogine,  and  with  nrethane,  liot  is  pcrfcctlj  diKtinct  fironi  all  ^ 
llem,  l>fing  iu  fact  amidojsiy^oiuc  add  [HO,CBH,(Hpr)(M 
Aknine  was  obtaiued  hy  Strcckcr  hj  distiltiog  su  nqucous  tolatiM' 
oontiiiting  two  ]>arts  of  tddchyd-ammonia  (1077)  and  odc  erf 
liydrocranic  acid  with  an  cxixss  of  h,vdrochlonc  acid.  Tnoea  cf 
hvdroc^»nii^  mid  formic  tuciAn  [>iu«  over  with  the  excess  of  hydro- 
cliloric,  but  110  aldctiyd.  Tlio  liquid  in  the  retort  it  conrnntnttd 
hj  cvaiwration,  and  a  considerable  proportion  of  hydrochlorate  li 
ammonia  is  separated  in  crystals.  The  mother  li{)Uor  retain* 
hydrochluratc  of  tlaniuc:  it  must  be  boiled  vitlt  hydrated  oxidt 
of  lead,  which  is  to  Ik  added  in  small  portions  to  tbe  boilii 
liqiiid  until  it  censes  to  occasion  a  disengagement  of  ammoi 
Tlic  liqnid  is  thua  to  be  dccnutcd  from  the  precipitate,  ti 
with  sulphuretted  hydrogen  to  remove  the  cioess  of  lead,  fill 
and  evaporated.  Alanine  crystallixps  out,  and  if  the  motlier  liiii 
be  mixed  with  alcohol  it  funiiehcs  an  additionnl  quantity, 
reaction  by  which  alanine  is  formed  may  be  thus  rcpri:!scuted^ 

Aldvlrrd  unmaiilk.  Aknliu.      SNlwDaaalM 

h^,u]o,+uo,k+hch-h,o,=c«b,so,+h,n,cl' 

Alanine  crystallises  in  groups  of  colourless  prisma,  whici 
soluble  in  between  4  and  5  parts  of  cold  wntcr,  hut  are 
•jmringly  soluble  in  alcohol,  and  insoluble  in  etbcr.  Its  sqn 
solntiou  has  a  very  sweet  taste :  it  is  without  action  upon 
papers.  Alaaiue  may  be  itsrtially  sublimed  at  a  teiuperat 
little  nboTc  400^.  If  heated  suddenly,  it  melts  nnd  is  decompose^ 
becoming  converted  into  ethylia  and  carbonic  acid  :  when  be 
on  pinliiium  foil  it  burns  with  a  riolet  flame.  Hydrate  of 
decomposes  it,  ammonia  and  hydrogcD  are  diHeitgaged,  wl 
acetate  of  [lotaHh  nnd  cyanide  of  jKiltiwiinm  nro  obtained.  Viht 
distilled  with  dilute  sulphuric  acid  and  peroxide  of  lead,  carbonic 
acid,  aldchyd,  and  ammouia  ore  formed.  But  its  niost  intcreniog 
mctamorphoHis  is  that  which  it  undergoes  when  tfae  aqoeou 
Btdutioii  is  treated  with  uitrous  acid,  iu  which  caw  lactic  acid  k 
formed,  wbilet  nitrogen  is  liberated : — 

Alinlnv.  LaFiiD  Ktd. 

rC^'rNOr+  a  NO,  =  jThO.C.H.OJ  +  H,0,  +  >  V^ 
Alanine,    like    glycocioej   forms    numerous    oompoonds 
with  adds  and  with  baas ;  many  of  them  may  bo  obtaiued 
crystals,  but  they  are  all  very  soluble. 

Tlie   compounds   (CJl^NOJ  aud  (C„H,iNOJ,  intefoi* 
between  alanine  and   leucine,  in  the  glyoociae  scries,  and 
spoadiug  to  the  aliieVijti  u&xaouuA  ol  ^iftts^'ofi  aud  butyric  1 
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bare  not  as  yet  1)ccn  prepared,  bnt  tw;cording  to  Gorup   Bcsaaez, 
the   but;^ric  CDrojwund  accompanies   leucine   in  tlie   ^lancreaa   of 
ghcox. 

J  ('427)  Z^wcine,  Caseou$  oride,  or  Aposepcitine  {C,.jIl,jNOJ. — 
^■arioQB  decompositions  give  rise  to  the  formation  of  thin  IxmIj, 
Trhich  may  be  tiewcd  as  amido-caproic  aei^i  [HOjC^jUj^fll^NjOj]. 
It  ia  ouc  of  ihc  jtroducts  of  tlic  pittrt-faclion  uf  casein,  or  of  cheese, 
of  muscle,  aiid  of  glaten,  in  the  presence  of  water  ;  anil  it  is  also 
atnon^t  the  compounds  obtained  by  the  action  either  of  sulphuric 
acid  diluted  vith  3  or  4  parts  of  natcr,  or  of  hydrate  of  potash, 
ii|>OD  gelatin,  muscular  tissue,  the  yellow  elnslic  tissue  of  the 
^amentum  nueh^e,  Hhitc  of  egg,  horn,  and  wool.  Oiio  of  the 
beet  mutbods  of  obttiining  leucine  coiLsista  in  fusing  dried  casein 
or  any  other  albuminoid  substance  with  its  own  weight  of  hy- 
drate of  pota«h  ;  during  tbis  operation  ammonia  is  evolved,  and 
a  disgmtiog  fiecal  odour  is  emitted  :  as  soon  an  hydrogen 
begins  to  come  off,  which  ia  indieated  by  the  change  of  colour 
from  dark  brown  ta  yellow,  the  mass  niUNt  he  nllowcd  to  eool ; 
aud  on  treating  it  witb  hot  n-utcr,  n  highly  alkahnc  liquid  Is 
obtained,  which  contains  in  solution  tettciae  and  tyrostjie  (Bopp, 
Lifbig'e  Annal,  Ixix.  21].  Ou  slightly  supersaturating  the  liquid 
vilh  arx-tic  acid,  tyratiue  is  dciMisitcd  in  concrntiic  groups  of 
«e»Ue«;  and  un  Airther  evaporation  of  the  motber  liquid,  Icuciue 
is  obtatucd  iu  pearly  colourless  plates,  which  may  be  puiilicd  by 
irashing  them  wilh  slctdtol,  and  recrystnllizing  the  residue  Irom 
bmliug  dilute  islooliul.  Limpricbt  has  also  succeeded  iu  obtuining 
leucine  artificially,  by  boiling  the  compouud  of  valerianic  aldchyd 
and  ammonia  with  an  exeess  of  hydrocyanic  and  bydrochloric 
acids,  until  tbc  otiy  liquid  produced  by  the  fuiHOa  of  the  valer- 
aldcb  yd- ammonia  has  disappeared  :  iu  this  manner  sal  ammoniac 
and  leucine  are  obtained  : — 


unmonik. 


*cid. 


iMuniaf.       S*l  unm-iDiw. 


The  excess  of  hydrochloric  acid  may  be  removed  by  means  of  oxJdo 
of  lead,  and  the  traces  of  lead  may  be  separated  by  hydrosulpliuric 
icid,  after  which  the  liquid  i*  evaporated  iu  a  water-hath  :  boiling 
dilotc  alcohol  then  dissolves  leucine  from  the  residue,  and  deposits 
il  ill  plates  as  it  cools.  Thialdinc,  when  treated  witb  oxide  of 
lilver  aud  water,  docs  not  yield  leucine,  as  was  stated  by  Gossmann 
(Hofmann). 

Cloctta  has  made  the  interesting  observation  that  leucine  is 
we  of  the  normal  coustitucuts  of  the  ])ulmouarf  tiMUC.-,  %&^  Vii^ 


operating  tipoa  consicicrftble  maaaes  of  bnllodts'  lungs  he  procmd 
it  aasociaUtfi  m  itli  taurin,  inoain,  aiid  uric  itcitl.  It  lias  alio  baea 
fouti(l  o»  a  nunual  coustituetit  of  the  Bplccn  (StKtlclcr)  anil  p^Mn^ 
and  has  been  ot>taini>d  from  the  urine  in  coset  of  typhus,  aod  aSta. 
tiooK  of  the  Bpiui]  ron). 

Leuciuc  somewhat  resembles  cholestcrin  in  appearance;  it 
an  unctuoiM  foci,  and  i»  lightvr  thmi  vrnter.  When  hi^ttcdcautton: 
leucine  may  he  stibliDied  before  it  metis,  witbuut  uuderpuDj 
compo*ittou,  and  niaj  be  collected  in  the  form  of  woolly  fli 
At  a  liighcT  tcmjxrratarc  it  bcconi(;«  brown,  and  mclU  at 
340°,  and  when  bi-att'd  a  little  beyutul  this  iwint  it  furiml 
distillate  compoaed  of  a  ycilow  oily  liquid,  caataioiag  free 
boDuU;  (if  ntutuoniii,  whiUt  n  browii  ru»inou»  »ul»tancc  remaini 
the  retort.  The  oily  distillate  consists  chieQy  of  aioylia.  Leucine 
bi  sparingly  folublo  in  oold  water,  but  freely  so  in  boiliog  waltz. 
The  pre«(ntcc  of  acetic  acid  ur  of  acetate  of  potiuili  favoun  ilt 
toluliuii  1x>th  in  water  aud  in  alcohol.  Cold  absolute  alcobol 
dtssolvrs  it  very  sparingly,  and  it  ia  ioRoliiblc  iu  ether.  It  i^ 
kowerer,  easily'  PK>lublo  in  dilute  ao1utioii«  of  the  ucidtt,  with  aaaj 
of  wliich  it  forms  cryBtallixable  oonipounds;  the  hydrochlarete d 
leucine  (Ci,H„NO,,HC'l)  is  rcry  soluble  iu  water;  the  nitrateii 
leucine  or  nitrolfMcic  acid  (C,jH,jNO^,HO,NO()  cryBtaltita  ia 
rolourlesa  needles.  An  aqueouii  ■olution  of  leucine  oecaitoua 
wliilc  precipitate  wUb  ^ubacetate  of  lead;  auri  if  to  a  botliBg 
aolution  of  leucine  mbccd  with  the  ncutra]  acetate  of  lead,  BO* 
monia.  be  enutiouwly  added,  pearly  Kcalea  (PbO,C,jn„NOJ  tft 
deposited.  Leucine  also  precipitates  aubiiitraie  of  niercuiy  (Bn* 
eoDUOt)  but  110  ochcr  metallic  solutions. 

Leucine,  when  iliHtiUed  with  pci-oxide  of  leatl,  ruruisfac*  am* 
motiia  and  butyric  aldehyd.  If  it  be  diitlilled  with  dilute  suljtLunc 
acid  and  peroxide  of  manganese,  ralvroDitrile  with  carbonic  aoil 
aud  water  are  produced : — 

LmiPliin.  T4li«i>idlta*. 


If  a  solution  of  leucine  be  tre-Hted  with  cblDfinc  m 
carbonic  acid  is  liberated,  and  a  mixture  of  valcronithle 
cblorvalcronitrilv  ia  obtained,  which  is  se|iaratcd  iu  the  form  of 
volatile  oily  drops,  whilst  a  quantity  of  bydrocblorate  of  Icuciue  ii 
formed  in  the  retort  (Schwauvrt). 

If  leucine  be  fused  with  hydrate  of  potash  it  yields  Talerateand 
carbonateofputash,  whilst  ammonia  and  hydrogen  arc  liberaU<d:— '. 

ValifliU  at  |>olaab.    Curb.  piU*^ 


t^ttria 


Pure  leucine  la  statett  alto  to  undei^o  a  nmtlar  decomposition 

ICD  caused  to  ferment,  by  tli«  adrlition  of  u  small  quantity  of 

nuicular  librc,  or  of  albumen.     WhcD   an   aqueous   aolutioa   of 

Jeuciiie  ia  submitted  to  the  action  of  uitroiiB  acid,  tbe  leucine  is 

Kcomposed  with  lilieratiou  of  uitro^n  oud  tbe  formation  of  levcic 

9eid  (IlO,C,flli|0jj,  just   ns  glj-colic  aud  lactic;  acids  are  formed 

riu  glycociiie  aud  alanine  under  similar  circumttBDcea. 
(1418)  /yr«iV  IC|b1J„N0j;  liiutcrberger). — Thb  subalance 
was  obtained  by  Licbig  from   the  products  of  the  fuaion  of  wcU- 
ried  cbeese,  fibrin  or  albumen,  with  hydrate  of  potash,  in    the 
laner  described  ivUeu  treating  of  ttiu  prcpnratiou  of  leucine. 
Lidc  cr^-staU  of  tyrosiuc  mu«t  be  rcdiasolvcd  in  a  solution  of 
b,  aud  [ireciiiiuttcd  with  acetic  ncid.     If  coloured  it  Diiistt  be 
averted  into  bydrocldorate,  digestiMl  with  animal  chnrcoal,  aud 
ie  ftltvrcd    liquid  whilst  boiling   mu»t   be   mixed  with   acetate  of 
ih;  clilondc  of  potas&ium  ia  thus  formed,  and  tyrosine,  Iree 
»m  aoetic  acid,  ia  depoaitvil  in  long  fibrous  crystaJa.     Tyrotuucis 
found  among   the  products  of  the   putrefaclion   of  athumen, 
rin  and  casein,  and  it  is  produced,  together  with  leucine,  when 
albuminoid  bodies  are  boiled  fur  some  hours  with  dilute 
Iphuric  or   hjdrocliloric   acid.      Horn,  fcatherK,   tuid   hair,  also 
eld  it  by  tlki«  trc-itmeut : — one  part  of  horn,  4  of  oil  of  vitriol^ 
12  of  water,  if  boiled  for  forty  hours,  furnish  a  dark,  brown 
luld,  which  at  the  cud  of  that  time  mu9t  be  rendered  alkaline  by 

te  addition  of  milk  of  lime,  then  heated  and  filtered :  sulphuric 
id  uujft  now  be  added  to  neutralization,  and  on  evaporation, 
fataU  of  tyrootue  y'lil  be  deposited  ;  they  may  be  purliied  iu  tbe 
uiner  already  directed. 
Tyrosine  iu  certain  cases  is  a  direct  product  of  the  chemical 
actions  in  tbe  living  animal;  it  waa  found  by  Dc  La  Hue  ready 
rmcd  in  the  cochineal  iuscct,  aud  has  been  met  with  in  the 
and  other  iuternal  organs  of  tbe  higher  animals,  as  well 
ia  the  oriac  in  typhu»,  and  in  oertaiu  spinal  affectiona. 
Tyrosine  forma  long  Kbrous  crystals,  which  arc  very  sparingly 
^lublc  in  cold  water,  and  nearly  insoluble  iu  alcohol  and  in  ether; 
liling  water  dissolves  it  iu  cooKiderable  quantity.  Although  its 
lutious  arc  neutral  to  test  paper,  it  is  freely  soluble  both  iik  ncid 
in  alkaline  solntions ;  it  corahinea  with  3  atoms  of  base, 
ling  compounds  like  that  with  baryta  (CijH„BajN0g  +  4  Aq). 
^th  sulphuric  acid  it  forms  a  colligated  crystallizablc  acid 
(HO,C„H,i,NOySjO„l;  if  this  be  neutraliwd  with  limo,  and 
luxcd  witii  perehloride  of  iron,  it  gives  a  chantcteristic  violet 
•dation.     VVhcu   treated    with    hot  bitric  ociiIl,  t^owSuK-  -^\0i{^ 


bli; 
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oxalic  acid ;  and  if  cold  dilute  nitric  acid  be  ciDplofcd,  nitratt 
nilntyrotiru:  (C,sUJNOJNOj.llO,NO,)  U  formed.     A  i-en- 
rate  test  of  the  presence  of  tyrosine  ia  aflfordcd  by  tlie  funnalid 
of  a  red  flocculeot  precipiute  wlieii  its  solution  is   heated  withi 
nearly  nc^atrBt  Rolution  of  nitrutc  of  the  red  oxide  of  mercury,  vA 
\(  tlie  solution  )>e  very  dilute  a  rose-red  colour  is  developed  in  lbs 
liquid  (U.  Hotfuiaii).     Tyrmiuc  belongs  to  a  cIoaa  of  compouii 
not  homologous  vtth  glycociuc,  but  which,  as  uppcnre  frooi 
researches  of  Stiedeler,  present  some  analogies  with  iL 


5  III.    UaiC   AciO    AND    ITS    Di:»IVA»n-i!K. 

[1429)  Ubic,  or  LiTHic  Acid  (C,(,Il4N,0,=3  HO.C,an,N,0, 
=  18+150). — This  important  cicrcoiontitiooa  product  occun  m 
small  quantity  in  human  tinne.  It  is  much  more  abuudaatly 
coutained  in  the  nbite,  sciui-MiIid  cicretions  uf  binU ;  aud,  in 
combination  with  ammonia  it  oou»t!tutc»  almost  the  irholc  of  tlii 
excrement  of  iicrpaitet,  »u<rh  a-i  the  boa.  The  beds  of  gttano  fouiul 
in  the  raiulcsH  islauda  of  the  Pacific,  which  arc  furtiied  uf  the 
accumulated  excrements  of  counties*  generations  of  •i-a*rowl,  ma- 
sint  chiofly  of  urate  of  amnioniu,  which  haa  uudergoue  dcconip^ 
sitiou  more  or  less  extensive.  "Whcu  uric  acid  ia  secreted  in 
excess  in  man,  it  i»  often  deposited  from  the  urine  io  the  form  o( 
linnl  c-ry^talliiic  grainSj  furniiiig  what  ■»  commonly  termed  ttA 
gravel ;  or  it  collects  into  larger  miuscs  which,  if  retained  in  tis 
bladder,  generally  acquire  connidorable  nsc,  and  coa'^titule  the 
most  usual  variety  of  urinary  onlculua.  In  gouty  paticota«Uo  uric 
acid  not  unfmiuontly  a<'c>[mnlatea  anHmd  the  joints  aObeled :  and 
in  combination,  prindpally  with  soda,  forms  the  white  (haliic 
concretions  ol^n  improi*erly  onlk'il  chalk  alotut. 

Uric  acid  ia  be-st  preparfri)  from  the?  dried  iviae  of  tlie  bos  bf 
diasolviiig  I  part  of  the  powdered  nia^s  in  from  40  to  50  parts  of 
boiling  wiitcr,  to  which  tin  cxccw  of  [wtjuih  Ik  addt-d,  sunivtent  to 
bring  the  whole  of  the  acid  into  ftolution :  during  thifi  opcratioD 
ammonia  escapes  abundantly.  The  hrat  must  be  continacd  tuitQ 
the  ammoniocal  o<lour  haa  disappeared.  Tltc  browuivh  liquid  tbu* 
procured  coutaiua  an  impure  urate  of  potaab,  which  must  be  filtered 
vbilc  hot,  and  decomposed  by  adding  a  ftlightexoenoTliydrocUonc 
acid.  T.'ricacid  is  immediately  ecpanitvd  inniinutv  white  crystals ; 
these  must  be  washed  with  cold  water,  dissolved  a  soooud  time  Uj 
potash,  and  once  more  precipitated  by  hydrochloric  acid  ;  tbe 
duct,  after  beitig  thoroughly  washed,  and  then  dried,  is 
.  ptuVi       Uric    ludd    cc]i^Ji\)iiiea  Vo.  VosnaW:   tables,   the 
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of  urMcb  are  frequently  rounded ;  but  when  it  is  deposited  from 
ammal  fluiil*  thu  form  of  the  crj:»taU  i»  of^n  mucli  cnodilied. 
If  a  colli  saturated  solution  of  urate  of  potash  lie  dixwrnposcd  by 
hydrocliloric  acid,  large  crystaU  of  tlie  acid  are  obtained  with  4  Aq. 
This  irater  U  expelled  when  the  acid  is  heated  to  aix^.* 

Pare  uric  acid  is.  a  white  cryatalline  powder  requiring  10,000 
parta  of  cold  natcr  for  aolutiou,  to  which,  however,  it  imparts  a 
fi;cblj    acid   reaction.      Uric  acid   is    inaolubte  iu  alcohol  and  la 
ether,  but  it  is  dissolved  bjr  connctitratoil  sulphuric  acid,  and  ia 
(IcjMjsited  ill  a  hydrated  couditiou  ou  dilutiog  the  solutioa.     The 
orate*  of  potash  and  of  ammonia  arc  more  soluble  thau  the  free 
acid.      The   acid   urates   of  anuiioiils,  of  xoda,   aud  of  lime  are 
frequent  int^redicuts  of  uriiiar)-  culculi ;  tlie  proportiou  of  the  lime 
salt,  however,  is  always  very  srunll.     The  reaction  of  uric  acid  with 
acid  aiid  arnuioiiiii  is   highly  cliaractei-iHtie,  and  it  enables 
le  acid  to  be  deU-ctcd  in  very  tninulc  (luiiutitics;  the  oielhod  of 
vill  be  described  under  tlic  head  of  murcxid  (1441}. 
(14J0}   i'ratf».—  V'r\c  acid    i«   diltiL-<ic.      It*   aalts   have  been 
carefully  cxatniucd  by  Bcnsch  (licbig's  Annal.  Iiv.  189,  and  Ixr. 
181.)     All  the  urates  are  but  sparingly  Holuble  iu  vatcr;  they 
moeh   more   soluble   io   alkaline    solutioDs,   C!>poc!a11y   when 
heated.     They   arc    also    freely  Rotnble    in    solutions  of  borax. 
iTwo  urates  of  potaab  may  be  forracd:  the  acid  salt  (KO.ilO, 
C|^IIjN^OJ    is  the    one    best    known.     It    is  prccipitatwl    in  a 
granular  form  when  carbonic  acid   i»  tranfitnitted  through  a  solu- 
tion of  the  neutral  salt.     It  in  soluble  iu  Hbout  80  paits  of  boiling 
water,  from  which,  oa  cooling,  it  is  deposited  iu  nmorplious  floceuli ; 
it  retjuires  abuut  800  parts  of  cold  wster  for  Holutiun.     Tlie  neutral 
wrate  of  potash  (2  KO.CmlljN^OJ  is  obtained  by  saturating  a  cold 
ilUutc  solution  of  potiu-h,  fi*ee  from  carbonate,  with  uric  acid  sua- 
prudcU  iu  water,  and  boiling  down  tlte  aoliition  iu  a  retort.     At  a 
certain  degree  of  coneenti-ation  the  salt  is  deposited  in  fine  anhy- 
droiw  needles:  the  clear  liquid  must  be  decanted  from  them,  and 
they  must    be   washed   with   dilutu   alcohol.     This   salt  rcquirea 
ibout  44  parta  of  cold  water  fur  solution,  aud  35  of  boiling  water. 
Its  solution  is  slowly  deeumput^ed  bv  ebullition.     This  salt  haa  a 
csui>tic  tOAtCj  and  rapidly  absorbs  earbouio  aeid  from  tlie  air. 

There  are  two  uraifs  of  soda,  both  of  which  arc  anhydrous ; 
Ihey    are    each   soraewliat  less  soluble    than  the   corrcapouding 


•  When  uric  acid  U  Joag  boil«Kl  iritb  a  anlolion  nrpoUi>b,6ec)uival«nUof 
«>t«r  arc  kMniiailati-i:!,  and  uroxaaaie  <;/' /lolitii  (a  liO.C„,H,N,Oia+6  Ae^  M 
fomieil  in  antsll  quaniity.  On  the  adtlitioa  ofa  stronjr  ^id,  urvianic  add  la 
•cpantvd  ia  aparmxly  Bo\ub}0,  microscopic,  letrahediw  a^Ai^ 
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polwh  MilU.  Tlic  aeid  tirate  of  atmnOHta  (H^NO, UO,C,„lipi/ 
is  Uie  ouly  urate  of  ammouia  wbtcU  is  known.  It  auiall;  forms 
a  wbiU;  amoq>Wua  maw,  vhicb  w  Kilublo  ia  1800  pott*  of  ooU, 
oufl  340  of  boiling  water;  it  ia  (IcjHiwited  111  Que  tieedles  from  ft 
boUiiig  aqueuuB  bulutiun  of  it,  wliieh  contaius  ua  exoew  of  &a< 
monia.  Urate  «/  Itthia  is  more  soluble  than  any  other  of  t1 
salta.  Hcitcc  litbiA  uutvr  is  occa»iotmlljr  iireocrilwd  to  goi 
pattouts,  and  to  others  who  HufTer  from  a  sii{)c>rabutii)aiice  of  uric 
acid.  Oitl;  the  add  wate  t(f  magneMo  (i>lg(>,UO,C^„n^fi^ 
+  6  Aq)  Is  kiiowu  ;  but  both  h  nculral  (2  CitO,CmH,N^Oj  tui  u 
acid  urate  onime  (CaO,HO,C,,H,N,0^  +  2Aii)  may  be  obtained. 

(1431)  Products  nf  the  IkcomfHmtwH  qf  Uric  Acid. — Wbea 
uric  acid  i«  subniittcd  to  (listillatiuu  it  (loc»  not  fiuie,  but  under 
go(»  decomjKifiitioii,  prodtioing  carbonate  of  amoaotiia,  hydrocyanic 
acid,  c>anuric  acid,  ures,  uiid  »onie  eonpvrciiinatic  produtta. 
Uric  ucid  is  dvcotnposcil  nhcii  hcstcd  with  fuKcd  hydntii:  of  potwh, 
ammonia  is  evolved,  and  the  residue  contaius  cyanide  of  potaMinii 
raised  with  carbouatc  and  oialatc  of  i>ota»h.  But  the  most  re- 
luarkablc  cht-mical  peculiarity  of  uric  actd  Is  thu  facility  witli 
which  it  in  altered  by  oxidixiiig  agents,  aud  tlie  number  of  defiaib 
and  vrystallizable  cotiipouDds  to  which  it  givc«  rise.  The«e  pro- 
ducts nerc  first  iarcatigated  by  Liebig  aud  Wohler  (Liobtg's  Amal,^  _ 
xxvi.  341].  Such  iDctamorpliuMN  of  auimal  |)roctuct»  by  «xi<lati|^| 
always  present  a  high  di^grce  of  tntcrutt  physiulugically  cuusidcraP 
iuasmuch  as  the  great  changes  which  occur  under  the  influence  of 
vitality  arc  changes  in  which  oiidution  plays  the  princiiml  part 
llie  osidntion  of  unc  acid  may  he  cflected  in  various  ways,  Euc& 
as  by  means  of  uitric  acid,  by  peroside  of  leiad^  by  fcrricyiiaiiic 
of  polossiuDi  mixed  wttb  caustic  potash;  the  products  of  oxidsiion 
differing  according  to  the  nature  of  the  agent  employed. 

The  following;  table  exhibits  the  most  importaot  of  the  deo*. 
vativcs  of  uric  acid ; — 


Uricicid  .  .  .  , 
Uroxanic  and .    .    . 

Alk'xui 

Jhaliipic  acid  .     .     . 

AlloTwntin .... 

Alloxaaic  acid  .  . 
Mykmialiiuo  aoid  . 
KcMfxalic  idd  .  . 
Jjcncoturic  acid   .     . 

Didoan 

fkralianic  neid  .  . 
Oxahiric  add  .  .  . 
Uniaii  ([disluramidc) 
TbtonuriD  acid    ■    . 


2HO,C,„H.N,0, 

2HUi:.„h;nA,      . 
t'.H.N.O.+aAq 
no.c.  H.N,0, 


3llO.C,I],N,0, 

HO.C.  H,N,0,+  Aq 

3  no.c,       0, 

a  no.c,      N ,0, 
HO.C,  H,NA 

H^.C.H^-,0. 


s.o, 

N.0,.+6A, 
S.  O.  +A4 


=  C.  H, 

wC,H. 

=  C.H 
=  C.  ". 

=  c.u. 

«=  C  11, 

=  c.u, 

=  C,  H. 
=  C  H 


U,0^1 
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U<)  Wultler  Katc  shown  that  ythea  uric  kcid  U  aub- 
e  oxidizing  action  of  dilute  nitric  acid  it  ia  oDnverted 
A  altosan : — 


,n  Ik)   boiled  with   an  alkaline  BOlution,  it  lottes  tlie 
nitrogea  in  the  form  of  urcn,  wbilst  mosuxalic  acid  is 


IIO.C.  il.>'.0. 
H0,0,  hXA 


=  C.H,X.O, 

= c  jr,  If ,  0, 


Id. 


JJIouu, 


UwuUaHU. 


n  these  eases  dcoomposed  paitialljr  or  cntirclv  by  the 
!  scid  or  of  the  alkali  upon  it.  Since  tlie  whole  of 
of  the  nric  acid  b  ihiu  eliiniuatod  in  the  form  of 
m^  l>e  regarded  oa  cjanate  of  atomotiia,  it  may  be 
the  nitrogen  in  contained  in  two  formti,  botli  in 
tA  in  alloxuo,  one  half  of  it  being  in  the  form  of  a 
cyanogen,  the  other  half  io  that  of  a  derivative  of 
The  remainder  of  the  carbon  and  other  eompoucul  ele- 
acid  oonstitutc  mesoialic  acid.  Liebig  and  'Woblcr 
cxiotcocc  of  a  radicle  id  uric  aotd,  vhich  thej  tcrm«) 
OMilicacid  (CpXjOj=CjO,Cyj) — a  compound  which  ia 
in  a  «q>Brata  form,  but  which  correspnndx  to  oxalic 
which  1  ktooM  of  oxygen  bave  been  displaced  by  a 

is  itself  siwceptible  of  rariotn  transformatioDii,  which 
BCTCral  iDtcretitiug  compounds,  of  which  the  most 
re  the  following  : — 

}e  Arid,  which  in  \ta  normal  Htate  is  mctameric  with  the 
amx  uf  alloxan  (i) ;  Dialuric  Acid,  which  may  be  rv- 
liydride  of  alloian  (3) ;  Alloxaniin,  or  a  compound  of 
dialiinc  acid  (3].  If  alloxan  be  treated  with  nitric  acid 
Acid  (4)  ;  and  thia  acid,  under  the  influeacc 
,faes  the  element*  of  water,  and  is  concerted  into 
C;} ;  whiUt  the  solution  of  oxalurie  iicid,  if  Iwiled, 
with  water,  nnd  breaks  up  into  oxalic  aoid  and  urea 
seen  by  the  annexed  equations  : — 

Mrnan.  AllonotiUoriwTU. 
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potiuti)  wits.     Tbc  acid  urate  of  ammonkt  (E1,NO,1IO.' 
i*  tlu  oul;  urate  of  ammatiia  whidi  it  known.     It 
B  wLitc  MiuorpbuuM   miuw,  wlitcb  ia  auluble  la  i 
uid  340  of  boiliiig  natcr ;  it  is  depouleil  in  fine 
boiliug  aqaeoua  aolmion  of  it,  wbich  contoius  ui 
taouJA.       Vratc  0/  liifiia  'i*  more  ooluUf  liuiu  auf 
stltft.      Uciicc  lithia  irater  is  occanucudl;   p 
patii»ils,  and  to  otliors  who  sufTcr  Ctx»a  a  BUjxvatiundi 
add.     Only    Uic    acid  urate  i^f   magivwia   ()tl|[0,110, 
+6  Aq)  ia  known ;  but  botb  a  neutral  li  CaO,C^B,N 
add  urate  af  time  (C«0,HO.C,„I{,N,0.  +  £  Aq)  may  be 

(i4!{l)  Pivductn  <(f  thf  UrcumpwltUin  ^f  Vric  A 
uric  tuod  is  Bubmitlcd  to  distillatiou  it  do««  DOt  ftMC, 
goes  decomposition,  producing  carbonate  of  ammonii, 
lurid,  cjuiuric  acid,  urea,  nnd  nuine  etapjrreuuiatic 
Uric  acid  ia  deouaijkcwed  wlicn  bcAtcU  with  fuicd  hydnli 
axnmouta  is  evolved,  aad  il>c  residue  cootaiiu  {^anida 
mued  vith  corWoatc  and  oxtdato  of  (jotAAb.  But 
uiarknblc  cbemical  peculiarity  of  uric  acid  is  tbc 
vliicU  it  is  altered  by  oxidizing  agents,  and  tlw  auoiba 
aud  cr^staUiiublc  oompouudit  to  nliidi  it  gttcu  riie. 
ducts  wcrv  first  investigated  by  Lii^btg  luid  ^\  iibler  (lit 
xxvi.  241].  Such  metarooqjliQacs  of  auimal  j>roducta 
always  present  a  lii^U  degree  of  iiitcrcst  phyBiolo^cally 
iuAMinwh  M  tbe  great  cbajigca  whicli  occur  uuder  tLe 
vitality  urc  dian^cs  in  nbicb  oudatiuu  playa  tbc  pd 
Tbc  o.\idation  of  uric  acid  may  be  effected  in 
a*  hy  means  of  nitric  iicid,  by  pcroxido  of 
of  potsssiuni  mixed  with  caustic  potaab  ;  tbc  prodiict* 
diflcriiiK  acrordiug  to  tlie  uaturc  of  tbc  agent  cttnpli 

Tlic  foiiovring  tablu  exhibit*  the  most   iui 
vativea  of  uric  add : — 


Uric  acid    . 

Alloxan .     - 
I^iftJ uric  and 


AHouuitb . 
l^or»>rtiric  acid    . 


'i  iiioaxirw  ne\ii 


)  HO.C„a,N,0. 

nu.L.  „.-■,'-', 

L.  U,.N,0,  ( 

4-C.  n.NA+SAqJ 

■SNA 


toie  Mut 

urteuid 
isrieaeid 


Of  TUE  DEConrastTioN  OP  uhic  acid. 


=  ^»!J«N.»?..? 


7S3 


no.c.  1U*,0, 

HO.C„H.NO, 


=  c.  Q,  N,  o; 

=  c  „h;  ?*  0 


I 


And  Woliler  liave  iiliown    that  vhen  uric  acid   is  sub- 


:)io  oxidizing  action  of  dilute  aitm'  acid  it  is  convened 


ltd  alloxan : — 


ADoiu. 


Tna. 


BrxaH  ho  boiled  witfa   au  alkaline  Mlution,  it  lose^  the 
I^Ui  uitjogea  in  the  form  of  area,  vliilst  mcsoxalic  acid  ia 


I 


AltatmL. 


Vn*. 


Uwx«H>mU. 


C.IVt,0,. "  HO+H  A  =  <^H.N,0,+9  UO.C4O.. 

m»  ia  tbese  cases  decomposed  |)artially  or  entirely  br  the 
j^he  acid  or  of  the  alkali  upon  it.  Siuce  the  whole  of 
'ogeu  of  the  Diic  acid  is  tbas  clitiiiiiatc<l   in    the   fonn  of 

'Ug'^    h«  r^arded   as   cyaaate  of  amnionia,  it  mav  be 

ml.  ■    nitrogen  it  cotitaiucd  io  t\ro  foraiit,   both  in 

M  and  in  alloxan,  one  half  of  it  bein);  in  the  form  of  a 
ITC  of  cyanc^u,  the  oilier  half  in  that  of  a  derivatirc  of 
it.  Tlie  remainder  of  the  carlion  and  other  component  ele- 
it  nric  add  ooiutitutc  mrsoxalic  add.  Ltcbig  and  Wdhler 
i  the  cxirtcnw  of  a  radicle  iu  uric  acid,  which  thcv  termed 

\ozaltcacid  (C^NjO^=C,O^Crj) — a  compound  which  is 
in  a  separate  form,  but  which  corresponds  to  oxalic 

iu  which  2  atoms  of  osjgen  hare  been  displaced  bj-  a 

ia  itself  siwceptihle  of  rarious  transformations,  which 
Bcvcral    iutt-rGstioj^  compounds,  of    which  tlte  moat 
the  following : — 

Add,  which  in  its  normal  state  is  metameric  with  the 

rm  of  alloxtto  (1) ;  D'taluric  Acid,  which  may  be  re- 

hjrdride  of  alloxan  (i) ;  AUoxanlin,  or  a  oom|)oiiiid  of 

idialiiricKcid  (3).     If  alloxan  be  trvatud  with  nitric  scid 

^arabanic  Acid  (4) ;  and  Ibis  add,  under  the  inHucnce 

similatea  the  elements  of  wntcr,  and  is  converted  into 

teid  (5] ;  whilst  the  Rolution  of  oxaluric  acid,  if  boiled, 

m  with,  water,  and  breaks  ap  into  oxalic  acid  and  urea 

be  seen  hv  the  annexed  ixjustions  : — 

AanuB.  AOnmUi^l-wrM. 


ALUKU 

TTntnvnlnk. 
AiaoK.  •DUDonf*.         DIall 

(J)  cin4N,0",-t-H^.H8  =  C 

Allana.  DUIutte  mttJt. 

(3)  c,H,N,6;+Hac,ti^, 

iJom.  Pm^ 

(4)  3CJltiNi<>r+  O.-jVHO 
OntotoMU. 


(fij  HO.C.lI,N,0.+HA  =  aH 

(1432)  J/Zoxan  (Csn,XA+2 
Bddiog  to  uitric  acid  (of  ep.  gr.  i* 
ticMM  kt  »  time,  waiting  till  the 
■ddition  of  each  BCparatc  quuiitityll 
mtxlerate  the  beat  grncmtcd  by  Die 
io  cold  water  if  nccewuuy,  Ttie  tem 
riw  much  above  12c''  F.  Durinf;  tl 
nitroeen  escape  «bandiintly.  Uric 
tals  begin  io  be  formed  ;  tlic  Itquii 
when  an  ahundant  depout  of  octo 
occur.  These  crystals  must  be  drai 
structed  with  asbestos,  waehcd  witl 
a  tile.  In  thiA  form  alloxan  was 
big  nod  Wuhlcr,  but  ]ater  rtsca 
contains  2  ncomH  of  water,  Btnce  G 
to  front  300''  to  330°  it  loM»  tl*; 
octobedral  ciTstala  be  redissolved 
evaporation  transparent  prisma  coi 
The  efaange«  which  atteud  the  fori 
fajr  the  artioa  of  nitric  acid,  tiay  t 
•ocutire  stages,  though  the  dccooip 
tancou»)  V  : — 


(0  »(3HO,C„H^,O0+H,O,+ 

But,  sinoc  area  ood  nitroo*  acid 
other,  ttxirogea  aud  aHiauic  add  ai 
whilst    water  and   ammonia 
■0(HU^— 

I'M. 


ALLOXAlftC    ACID, 

Anoxan  mny  also  he  prepared  by  mixing  4  parts  of  uric  acid 
lirith  8  of  CHmmcreial  hydrochloric  acid,  and  gradually  adding  i 
jpiirt  of  powdered  cliluratc  of  (wtash.  Uiidcr  these  cirotiimtnticus 
( Jio  effervcftuencc  occurs,  and  the  whole  of  the  iirca  ia  found  in 
LiolntioD.  ITic  temperature  must  be  cnrefnlly  prevented  from  rising 
[  too  high. 

Alloxan  ia  freely  Boludlc  in  water ;  it  stains  the  akin  pink, 
and  gives  it  a  sickly  odour,  and,  thoiigb  not  possessed  of  acid 
[  properties,  it  ri.-ddeii3  litmus  pApijr.  lu  its  nuliydrou^  condition  it 
is  a  stable  and  definite  substsuce  ;  but  iu  its  hydrated  form  it  often 
liecomefl  «pontancously  decompoHcd  into  parabanic  and  oxaluric 
acids.  When  alloiau  is  boiled  with  peroxide  of  lead  it  yields 
ttirBa  aad  carbonic  acid,  the  peroxide  of  lead  being  converted  into 
protoxide  :^ 

AUoUB.  Ufa*. 

C,H,N,0„9H6+4  PbO,  =  CjK,NjO,+3  C,0,+  4  PbO. 

A  diaracteriatic  property  of  alloxan  is  the  formation  of  an 
iJDtcasely  violet  purplc-coloiired  liquid  ou  admixture  with  solu. 
Ituui  uf  a  protoNdtof  iron.  Long-contiDucd  hniling  dncomponcn  a 
■■olution  of  alloxarij  carbonic  acid  in  given  off,  and  the  iiolutiou 
rContaiuB  a  mixture  of  paiabauic  acid  and  alloxuutin  : — 

AUouo.  AUonntin,  Pmbuiis  hM. 

5  (CW*To,Tillb)  =  (fc„H,l.- A..  6  h6) + J  H0.C,N,0.+C,O,. 

O433)  -^iio^'f^ic  Acnd  [2  H0,Cj^HjN"jOJ. — By  treating  alloxan 

ritli  baryta  wator,  60  loii^  nx  the  precipitate  produced  ih  R'diHsolved 

'oQ  agitation,  and  gently  heating  the  mixture,  two  equivalents  of 

waiter  are  displaced   by  the   baryta,  and  a  Halt   ia  formed   which 

Icrystaltizea  au  the  liquid  cooh.     This  compound  cowiaim,  alloxanic 

\Kid,  which  may  be  acparitted  by  the  cHittiouB  addition  of  aiilphu> 

lie  acid,  and  mny  be  ubtaiticd  iu  crystals  by  evaporation .f 

A  solution  of  alloxan  in  ammonia  is  nearly  colourless,  but  if 
hated  gently  it  becomes  yellow,  and  on  cooling  forms  a  semi-solid 


*  AJIoiantc  acid  ia  an  uuRtable  compaund.    If  its  agueoua  solution  I)o 

bilcd,  tarbonic  acid  is  f-mittoH  ;  and  if  thfl  taliition  be  mpidly  rcJuePii  to  the 

I  ttaiisUmco  of  aayrup,  uiid  tiiuu  diluU'd  willi  wntor,  it  is  only  pnrCiaily  ilia- 

I  tolfcdi  tlie  insoluble  port  ion   i«  named  by  5i!lilii'per  [Ltebi){'a  Annal.  tvi.  t) 

k»e«tMrir  ofid  (TlO.Cttl.IfjO.) ;  tho  «olution  contnias  a  '» liitc  dcliqucHccnt 

Jody.  termed  difvan  ((?,H,N.O,).    Nitric  acid  reconverta  the  latler  into 

[lUftxiia,  and  potash  d««>mposeB' it  with  evolution  of  nmuiaiiia  and  formation 

I (f  oxalic  acid.    TW  forma tign  of  tb«iui  bodies  from  alloxaiiic  aoiduiay  bethua 

fbdmtcd:— 

4  uBo,c^^rn6^ = 3tuo^c.H^^j+3C,H,^p»+*cja^Jt'w^Ov 
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transparent  gelatinous  mtsa  of  mykomelinatr  of  ammonia,  wbilrti 
liquid  retaiuB  urea  iu  solution,  irilh  alloxaiiatc  and  ntnoxalate  of 
ammonia ;  tho*c  arc  probahljr  the  peRult*  of  aeeondarr  sc 
Mykomrlinic  arid  conUiins  tlie  elements  of  t  eqwivaknt  of  . 
ftiid  1  ot  ammoais,  from  which  4  equivalents  of  water  tiars  ben 
Beporatcd  : — 


ASaaB. 


Hr^oMfii^  acU. 


Hlaiiwetz  states  that  wlien  this  acid  ia  twated  to  360'^  ot  jt 
Willi  water  under  i>re«.^tire,  it  if)  diaAolvedjMnth  evolution  of  a  qu&ali 
of  gas,  n-hiUt  mykumclinic  acid  rctiiuius  in  solution  ;  and  be 
gcsta  that  cert^n  fellow  sediments  which  have  beco  reg&rdi 
urate  of  ammonia  ma;  realty  consist  of  thi»  acid,  which  erol* 
ammonia  vthen  heated  with  poti^h,  and  yields  uiurcsiid  wl 
treated  vith  nitric  acid  [Liehii/'t  AnnaL  dii.  116}  : — 

a  Ho,c,„iT,Np^  =  ho,c,h,m76,+c]pJ! 

Tf  alloxnnic    &cid    be  neutralised  hy  ammonia  it  gives 
nitrate  of  silver  a  white  prccipiuu,  which,  by  boiUng,  first  becoai 
yellow  and  is  converted  into  meaoxalate  of  silver,  and  ia  aflcrwanifl 
reduced  with  efl'ervescence. 

(1+34)  MesfumUc  Acid  (a  llO.C^Oj),— Wlicn  allouuiate  of 
baryta  is  subjected  to  proloaged  boiling  it  is  decomposed ;  urea  u 
libeititcd,  and  a.  yellowish  precipitate  U  formed,  cou«istia£  of  a 
mixture  of  carbouatc  of  baryta  and  a  sparingly  soluble  meaoialali 
of  baryta,  the  carbonate  of  baryta  being  the  reoult  of  • 
secondar}'  dcconipmitiou  of  tho  unra.  Tliu  following  eqtutifM 
shows  thu  process  of  the  traueformatioa  of  albsauic  into 
add  : — 

a  BaO^H,N,Os+"A  =  a  BaO,C,0a+C^X6^ 

Mesoxalic  acid  may  be  procured  in  a  6ree  state  hj  tlie  additioa 
of  nilpbtiric  acid  to  tlie  baryta  salt :  the  solation  wbeu  CT&|iunled 
yiclda  cry^Uia,  which  are  very  soluble  in  water;  it  ir  poncrfi 
acid,  and  has  a  very  sonr  taate.  The  most  characterisiic 
of  metioxalic  acid  is  the  formation  of  a  yellow  precipitate  of  mc»- 
oxalate  of  silver,  when  a  solution  of  mcmxalatc  of  aromooia  ii 
mixed  with  one  of  nitrate  of  silver:  this  precipitate  when  heated 
is  decomposed  with  a  brisk  eScrvcsconcc,  owing  to  the  escape «/ 
carljoiiic  a^;id  and  carbonic  oxide,  whilst  metallic  silver  is  left; 
3  Ag0,Cfl0g=4  Ag-VlCfJ^^r^fiv      ViWn.  to  a  boiling  soh 
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|isutu  a  faoUiog  solution  of  acetate  of  lead  is  wMcd,  a  yellotr, 
i.insotuUIu  prccipitBto  of  mcAOxalutc  of  Icail  is  formed,  frnm 
acid  ttijiv  )m'  obbiineil  hy  JecompiMiug  tlie  precipituto  liy 
sulpliurvttuU  hydrogen. 
I5)  Para&anic  Acid  (2  IIO,CjN,OJ  is  formed  by  conccn- 
I  the  ncid  mutlu'r  liqiior  of  nlloxan,  till  oa  cooling  it  fornu 
crratallinc  mawt ;  C.H.KO,+ U0,^'0,  =  2  HO.C„N,0,+ 
'  |IO,NO,,  II1U  is  to  be  dried  011  a  tile,  rcdiasolvcd  in  water, 
r«t.illiH('<),  wltcM  it  form*  tbin,  colourlcwt,  «ix-.iidcd  prnms: 
mcrful  acid,  vctt  permoneut  iu  itii  ancorabincd  coiidi- 
wjy  noluble  in  naber.  At  a  heat  of  zit°  it  ac()mrci  a 
tint :  Ht  a  liSgbcr  tcrapcraltirv  it  iindcr<;ocs  partial  sub- 
but  a  portion  of  it  is  decomposed,  and  furnishes  Kydro- 
eid.  Parabantc  acid  forms  salM  wliicb  are  cxcoediu-{Ir 
parabanntc  of  ulvcr  being  tliv  only  salt  wliicli  is  por- 
All  the  ntlier  parahanatei  during  evaporation  combine 
ro  ftlonis  of  water,  and  become  converted  into  oxalunites  : 
latc  of  Ammonia,  for  instsucc,  when  boiled  furnishes  brilliant 
,  uf  uxalurate  uf  ammonia  :— 

Parahanl*  of  wbrkkibi,  Onlimlv  rf  immnaik 


OxahritJcid  {H0.C,H,N,O,).— Tliis  acid  is  intcr- 

»Bi  the  circaoiatsiice  of  its  being  occasionally  met  nitb  in 

acilitneuta,  forming   tlic   dumb-boll  ory»tulN    tbiit  vera  at 

iken  for  oxalate  of  time.     Cvaliirate  of  ammonia  may  be 

io  preparing  the  acid;  a  hot  saturated  eolutioii  of  this 

mixed  with   dilute  mdpburic    acid,  and   coolnl   mpidty, 

pore  oxalurie  acid  as  a  Epariiigly  soluble  heavy  white  powder. 

;  boding  with  water  thia  acid  is  decomposed  into  oxalic  add 

ktc  of  urea  :— 


Juratc  of  silver  is  a  white  salt,  roUiblc  in  hot  water,  from 
lit  crystallizes  in  beautiful  silky  ncwilv*  as  the  solution  cool*. 
and  oxiiluric  acids  may  be  regarded  as  ureic  derivative* 

ft   Alloxanfm  {C,HjNgOj  +  3  Aq)  or  {Ck,H^X,0,,  +  «  Aql. 

D|)o(ind  mny  he  regarded  as  a  eombiustiou  of  dialurie 

a,  sino(!  it  may  be  formrd  by  mixing  8oluti<jn&o{ 

Joa  If  eqiiivalcut  /jm/)[:r(IouK  : — 


-=a 
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tbc  crvotuU  of  klloxiuitio  luti  kluwly  ilrixMilod  ftn 
tore.  Alloxaulin  majr  uko  be  obuitncil  bjr  tbe 
iNiiilizing  &£cut'»  upon  alloxan.  If  alloxan  be  dbnl' 
water,  »imI  a  curreul  of  »iil|iliu rotted  b;r(ln^gcti  bi- 
the  liqnid  in  n  nhort  tiuc  betximt^  lurbiil,  frtiio. 
ratiou  of  sulphur,  aod  crystals  of  allomuliu  arc 
siu-cl.  Tbr  acid  luotbcr  li()»or  wliicb  rciuuns  aAn 
ration  of  dlloxnn  b;  nitric  scitl  is  well  af)apU>d  for  foi 
nlluxantiu  ;  it  abould  be  iieturaliicd  with  cltnlk,  aod  wbi 
tb«  action  ofa  current  of  »ul{ibiirctt(;[i  bydrvgvu  ga«-  Uu 
|)ruCCMes  mny,  buwuvcr,  Itc  fidoptcid  fur  i»rt:|iariiig  uUouit 
ciample,  if  jirutocbluricle  of  tin  he.  mixed  witb  a  tnlu 
alloxau,  crv^itaU  of  alloxnntiu  arc  Hi-jioMitc^l.  A1*«,  if  a 
of  alloxiui  Ik  aciilulatrd  witli  b;rdn>clilurii:  add,  aiid  a  hti 
be  iijttuduCL-d,  hydrogen  is  evolvt-d,  and  crji^lalliiic  c 
sDoutotiii  are  alowlj  produced. 

AlluMiiitin  forms  Kinall  vrliite,  liard,  britliunt  pn^malii 
wliich   become   piuk  by    cx|i03iirc  tu  uu  atiuuAptiert'  ctn 
ammouia.     It  is  vei7  eparitigly  dissolved  by  culd  natcr,  U 
fnx\y  by  boiling  water ;  its  soUttioo  rcddcue  litmus^     fifl 
altoxaiitin  iii»y  be  heated  to  aiz*^  vitliout  loaing  vcij^^f 
lii^lier  tc[ii|M:rHturC    it  gives  off  154  per  cciiL  of  wnUr. 
watci',  » Iicu  added  to  its  solution,  gives  a  charactcri«tic  » 
cipitat^,  which  bi^cames  wtiiteiflioilcd  in  tbe  liquid.     As 
alloxniitiii  reduced  ibc  aatuof  eilviir,aiiil  ia  oooTurtcd  Uilo 
thus  iifionliiig  nu  instance  of   ibu  fmlity  with   wbicb 
igDuts   reconvert  it  into  alloxan.      HloMiwctz  fooad  A 
alliiiautiu   is  beated  under  ])n'S9iirc  with  water,  to  360", 
it    is   slowly    decomposed,  evolving    gas    in    largt   qviaotit 
oxalate  of  ammonia  is  formed,  proluibly  owing  to  the 
rcoctiuu:— 

OHfl. 


JUknnHa, 


M>t. 


OhM*  aTanmcnta. 

=  3  HJNO.C.O.+a  H^  +■  i  C,t>,  t^  C, 


0Mn«N,O»+ J  El/), 

If  R  boiling  Bolution  of  allnsantin  be  mixed  with  a  «il 
muriate  tif  ommouia,  nlw  xt  a  botliug  irmpcratiirr,  and  tb 
be  slinwori)  to  i><«I  in  a  w"  '  ' 
Inminidp)  nrc  (Ic|io»ilpd,  ■ 
hydrochloric  ndd  iji  solution  :■ — 

rnafi. 


i:in 


CuWj^Pi^+w^iu  «\^j\?.{i^^'tts:\*cjl 
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|nan  bt  Iwtliid  witli  hrtlroctilorie  apid  it  w  grndnslly  decom. 
Idshi)  a:ml  paroliiiuic  mill  arc;  formed,  accompanist  by  tiro 
,i!«,  termed  by  Schlinpcr  allHnric  aold  (C^jH ^NjO^)  and  ilili- 
id.  The  Liut  nainol  ncid  \\a*  uot  bccu  aunl^swl  in  iU 
lied  form. 

8)  Dia/arie  ^ciV  (TIO.C^II^NjO.).— Tfa  alrcamofsalpbu- 
'dn^en  lie  tmnf-mitted  iii  cxctt««  tliroiiglt  &  hot  solution 
a  or  of  nlloxnutin,  Mdpbur  in  deposited,  and  the  lii^iiid  )je- 
ron^ly  neid,  owing  to  the  ronnatluit  of  liitiJ'iric  uciit.  If  this 
id  b«  iiciiCrKliitcd  witb  ananx-inia,  diAlurntc  of  flnimonia  is 
1  in  silky  iici-dlcs  (Tr.XO.C^H^NjO.).  Tlicsamc  salt  may 
led  by  rL-diiciiig  alloxaa  by  mevia  of  zinc  «Ld  bydroubloric 
i  adding  a  sufficicat  cxcc«  of  nmmoiiia  to  rcdissob-e  tlio 
nine,  whii'h  i«  at  first  preci^iitatinl    by  tbe  ammonia.     If 

of  ammoaia   be   ndded    to    bot    hydrochloric    ucid,  so 

it  is  di«Bolrcd,  and  tbc  liquid  be  allowed  to  cool,  long 
of   diiduric  arid  are  depositpd.       Thry  brcnme  red    by 

In  tbe  air,  and  arc  gnidually  converted  into  alloxantin. 
acid  forms  a  sparingly  soluble  salt  witb  polarh.  It  may 
icd  by  adding  a  solution  of  cyanidf-of  polastsiiim  to  one 
0.     TIic  brown  yellow  preci|iilate  lbu!5  ol)taiiie<l  mnst  be 

in  n  weak  pofa^li  ley,  and  neiitmlizcd  by  acetic  nM<l, 
h\l»  as  a  white  precipitate.  The  diahiratc  of  ammonia  i% 
tbe  moment  of  its  formation,  but  as  it  dries  it  brcomra 
ndid  [fink  or  blood-red  colour.  Th'tK  salt  '\s  freely  ttoliibic 
;  water.  It  oecasioos  a  white  precipitfite  with  tbe  salti 
.,  and  a  yellow  one  with  salts  of  lead.  Nitrate  of  silver  is 
br  it  to  the  metallic  atat«. 

J)  Uramil,  or  Dialnramide  (C„H^N,0^=n,N,Cj,TI,N,0,l. 
ximpoiind  may  be  obtained  by  dccompoaingtbionuratc  of 
,  by  boiling  it  for  a  few  minutfrsi  with  an  acid  : — 

TH^^ofiJi^P^o^-t  2  lieu  H,0,  ~ 

be  procured  by  mi\iug  b'>il!ng  solution?  of  alloxantici 
it*  ofamnioiiin,  freed  from  air  {1437).  Vramilcrj'-->liLlliz(ui 
imu  groups  of  brilliant  bard  iiccdle«,  which  arc  iii&olubic  id 
KTt  Biid  sparingly  soluble  ctrh  in  boiling  water.  When 
|to  an  ntmo^phere  coutatning  traocD  of  ammoiitft  it 
mmc  tint.  I'minil  i»  freely  Hotiiblc  in  dWutc  u\V.&\\uc 
mt  ofdituuj  tcaipcraUiroi,  atid  is  dcpostlcd  ftaia 
■  3b2 
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JtB»IM. 


DUnricMM. 


Altntftliilin- 


the  crystals  of  alloxanUn  arc  alonly  ilcpoeitui  from  tie  ut 
turc.  AlloMiiitiii  limy  also  be  oliuiuetl  liy  the  action  q(< 
oxidixiiig  agents  upon  alloxan.  If  alloiau  be  dUsolred 
vater,  and  a  ctirreiit  of  sulphuretted  hydrngcii  be  trau^roitt 
tbc  liquid  iii  a  short  time  bccuiiicit  lurliid,  from  t\n:  xjar) 
ration  of  sulphur,  aud  crystals  of  alloxantia  are  gradnallj 
sited.  'i1ie  Hcid  mother  liquor  which  rcioaitis  afler  the  prep 
ratioQ  of  uUoxau  hj  nitric  acid  is  well  adapted  fur  furi>i«hi»| 
allijsantiii ;  it  fthoutd  he  ueutralizcd  irith  chalk,  aud  submitted  t« 
the  action  ofa  current  of  sulphuretted  hjdrt^ea  gaa.  Btnnjr  otbv 
{>rocc!»K;s  aiiiy,  however,  he  Adopted  for  pri:{Miriiig  ulloxnatiu ;  tat 
example,  if  protochloride  of  tin  bo  mixed  with  a  «alut>oa  tt 
alloxan,  crystals  of  alloKaiitiii  arc  depositcil.  AUo,  if  a  solution 
of  alluxan  he  acidulated  nith  hydrocldoric  acid,  aud  a  liar  t^iinc 
be  introduced,  bjdrc^ii  is  evolved,  aud  cryfttalUue  crust*  of 
alloKjintiu  arc  Klouly  produced. 

Allo]>aiitin  farnu  i.nia)l  white,  hanl,  brilliant  prismatic  Crystab, 
which    become    pink   by    exposure  to  an  atninsphcre    oonlxiniig 
ammonia.     It  is  very  sparingly  dissolved  by  cold  water,  hut 
freely  by  boihu;;  water;  ita  aolutiuii  reddens  ^tnm».      Crystallt 
alluxatitiu  may  be  heated  to  212°  without  losing  vfci{;ht,  but 
higher  temperature   it   jfivea  off  15'4  per  cent,  of  water. 
water,  when  addcil  to  its  solution, gives  a  chartcteristie  violet  prtfj 
cipitatc,  which  bccomcB  vhitc  if  boUed  in  the  liquid.     A  solution  j 
alloxantiii  r(;dai:e4  the  i^ilt^of  silver,  aud  19  uoiiVi^rEeil  inloaltoxi 
tliu  aSording  ail  iustsnce  of  the  f^iuilily  with  which  oiidii 
agcuts  recouTort  it  iuto  alloxan,     lllaaiwctc   found  that  wb 
alhixuiitiii  lit  lie&ted  undei*  piXT4*ur«  with  uater,  to  360",  or  3^1 
it  is  slowly  deeompUHfd,  cvuWing  gas   in  large  quantity,  «l 
oxakte  of  ammonia  is  formed,  prohal>]y  owing  to  the  folioi 
reaction : — 


ADtruDtSa. 


OialsM  ar  •mmanlft. 


•«d. 


C,.H,„N,0„+s  HA  =  1  H;XO.C.O,+a  H,N+ a  C,0,+4  C,lV 

If  a  Iraillug  tolutioQ  of  alloxantin  he  mixed  with  a  solotiuB 
muriate  of  anmioniu,  aU<i  at  a  lioilitig  tempcrntnre,  and  the  mivt 
be  iillowed  to  cool  in  a  well. corked  vessel,  crystaU  of  uramil  {Hi 
luramidc]  are  deposited,  whilst  the  liiiuid  retaius  allo&au  and  fnc, 
liydrocliloric  ncid  in  aolntion  :— 

AllnnnliB.  rnnfl.  JLBvm*. 


DIALraiC    jtCID DIALtTRJLUIDE. 
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^fbca  aHoKOn  is  I)oilix1  vrith  bydrocblorio  wpiA  it  i$  grailtmlly  decom-j 
posed,  allosniL  and  paralianio  acid  arc  formed,  uccotn paaled  bytvrcM 
coni|iounil8,  termed  bifSchlic[)crn//i/«Wcacit3  (0,I1^N,OJ  &ndfliii- 
tvric   mni\.      Tlic  la^it  iiamiHl  acid  has  not  been  analyiied  in  its 
iinconibined  form, 

{i4[8)  DiaUric  ^cW  (llO.C^IIjN  ,(>.}.— If  a  stream  of  sulpliti- 
retted  hydrogen  be  trans  mi  tteil  in  excels  tliraiigh  a  liot  «oliitiou 
of  allcisan  or  of  idlosiuitiu,  sulphur  is  deposited,  luul  the  liiiiiid  Ik-- 
comes  strongly  acid,  owing  to  tlic  formation  of  (/fw/fwicccid.  If  thin 
acid  liquid  be  rentralixed  -with  ammonia,  dialiirate  of  Ammonia  igi 
deposited  in  silKy  iil*«IIm  (H,?JO,CJIgNjO;).  The  numc  salt  ta»f\ 
be  obtained  by  reducing  alloxaa  by  lucaiiB  of  t\ac  aud  liydrocbloric 
acid,  and  adding  a  siifRoicnt  csccw  of  ammonia  to  rcdis«o]vc  tlic 
oxide  of  xinr,  which  is  at  first  prcciintatwd  by  the  ammoiii:*.  If 
dialurate  of  ammuaia  be  ndded  to  hot  hydrocIili>ric  acid,  so 
long  as  it  is  dissolved,  and  the  liquid  be  allon'ttl  to  cool,  long 
newllet  of  dialiiric  acid  are  deposited.  They  become  red  by 
exposure  to  the  nir,  and  are  gradually  coiivcrted  into  nlloxnntiii. 
Dialuric  acid  forms  a  sparingly  soluble  siiH  villi  potanh.  It  may 
be  obttinm]  by  ndding  a  snUitinn  of  cyanide;  of  potas-iiiim  to  onn 
alloxan.  The  brown  vkIIow  jirecipitiitc  ihu*  uhtaiticd  must  be 
sUetl  in  a  weak  pntash  try,  and  nciitraliKed  by  acetic  anid, 
vben  it  falls  &«  a  white  prcci|)itatc.  The  dialiirate  of  ammonia  is 
»hite  at  the  moment  of  its  formation,  hut  as  it  dries  it  liccomcs 
[of  a  «[ilcndid  jiiiik  orblnod-red  colour.  This  salt  is  freely  soluble 
[in  boiling  water,  tt  occa«ioii»  a  white  prceipitntc  with  the  fialt^ 
'  baryta,  and  a  yellow  one  with  salts  of  lead.  Nitrate  of  silver  is 
xlncvl  by  it  to  the  metallic  state. 

(1459)  Uramil,  or  Diahyomide  (Cj,H.N3Og=TIjN,C„HjNj0^). 
-Tbi«  compound  tuny  bo  obtained  by  decomposing  thionurate  of 
louia  by  boiling  it  for  a  few  minutes  with  an  acid  : —  j 

CrUBiL  J 

a  H,NCI  +  2  II0,S,O„i.CA>^ 

ma;  also  be  procured  by  mixing  boiling  solutioa^  of  allosatitin 
ami  muriate  of  ammonia,  freo<l  from  air  (1437).  Uramil  crvJitalHu^ 
to  penniform  groupsof  brilltantliard  needles,  which  arc  ineolublc  in 
Cold  water,  and  Hparingly  soluble  even  in  liuiliag  water.  When 
exposed  to  uu  Ktmo>phvre  ooittaining  traces  of  ammonia  it 
«c(}tiircs  a  roae  tint.  Uramil  \<t  freely  soluble  in  dilute  alkalinaJ 
•olutioiis  at  ordinary  tempemturefl,  and  is  depoavteA.  ^toto  ^2^\wtt 
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nnaltcrdt  oa  addiug  an  acid.     But  if  ita  solution  in  amnuii 
be    boiled,  it    gradually    icquirt:*  a  rich    pur|ite   coloar,  atiil  M 
DOoliug  deposits  crystals  of  murextd : — 

L'mni).  Mwvtid. 

If  uramil  be  boiled  for  eomo  timp.  with  oxide  of  mrrcnrv  or: 
silver  a  similar  chatigo  occurs;  tlic  metallic  oxide  is  nnliiccdjaudl 
tlic  liqiiiil  be  filtered  while  hot,  beautiful  crystals  of  pure  mamid 
arc  di-positi-d.  Au  exce!i«  of  the  metallic  oxide  must  he  carefullr 
avoided,  otherwise  the  purple  colour  di»appc»r*,  itod  altoxatintc  of 
ammonia  is  formed  in  the  liquid.  A  solution  of  uramil  in  potaih 
evulven  ammonia  wbeii  heated  ;  at  ordinary  temperatures  it  alovly 
absorbs  oxygen  from  the  air,  acquiring  a  fine  purple  colour^  aaJ 
depo«iting  cryntnU  of  piirpurate  of  potafth  ;  the  liquid  bcooan 
UKUtral,  and  cotiUius  allo^cariatc  aiul  ineioialate  of  potash. 

(r440)  'f/iionuric Acid (z  110,0^1^^,0^,8^0,). — Ifanaqneom 
sotutiun  of  alloKsii  be  uddcd  to  a  MilutioTi  of  sulphite  of  annaoaia 
coiitaiiiing  a  considerable  quantity  of  free  ammonia,  and  tbe 
mixture  be  boiled  for  a  few  niiuutcs,  the  ammonia  and  sulpliurotu 
add  unite  with  the  elements  of  allosau.  As  the  liquid  cooU,  a_ 
beautiful  wilt,  termed  thhnurale  of  ammonia,  ia  deposited  : — 


ABnna. 


TblmorM*  afuDinmi^ 


CsHaN,OB+Sg04+3  HjW  =  »  H,NO,C8H,NjO,.SaO,. 

By  adding  a  iwlutioii  of  acetate  of  lead  to  the  solution  of  this  < 
an  iuBolubIc  gclatiuous  thionurate  of  lead  is  prucured,  which 
standing  becomes  converted  into  conoeutric  groups  of  delicate 
nixdlca.  This  precipitate,  un  being  dccompoaod  by  sulphuretted 
hydrogeu,  gives  pure  Ltiiouuric  acid,  wliich  may  be  obtAiiied 
evaporation  at  a  gentle  heat,  crystalliiied  in  Blender  nociilc*. 
aqueoua  solution  may  he  preserved  unchanged  at  ordinary  trnij^ 
ratures,  but  it  iuidergo4?a  decomposition  wheuboilett;  sulphuricacid 
being  formed,  whilst  «ilky  cryftaU  of  nramil  arc  deposited.  Tin 
tliiunuratc  of  ammonia  gives  a  pale  yellonish  bronn  prccipttalf 
with  salts  of  copjicr.  It  gives  no  precipitate  in  acid  aoluUoa* 
with  saltA  of  baryta,  but  a  white  one  iu  neutral  solutions :  mixa 
mixed  nith  nitrate  of  silver  the  metal  is  gradunlly  reduced,  snd 
forus  a  mirror-like  cvAttit|;  ou  the  aides  of  the  vu»»cl  wbldi 
toiua  it. 

,  (1441)  MtirtxU,  or  I'vrpurale  of  AmmOMia  (C,,llj,Nj„Ou?H 
Tliere  iire  vai'lou&   \qo<\c«  <.:A   Soxntui,%  \.V\»  Wuitiful    cuuif 


KUBRX1D,  OB    PUHFUR.ITE   OP  AMUOXIA. 


741 


'  THtt  (lewimpositiott  of  uramil   by  ammonia  under  the  influence  of 

oxygen,  And  by  the  action  of  oxide  of  mercury,  hare  been  already 

mentioned  (1+J9).     Another  advaiitsgcoiis  method  of  preparing 

imarcxid   cOQsistA  in  adding   alloxan  to  an  ammoniacal  aolntion  of 

pimmil.     If  the  formnla  given  formureKirt  be  correct,  tbU  reaction 

mtut  be  attended  with  the  ab«orptiaa  of  oxygen  : — 

6  C,n.N,0,+M  H,N+0,+6  cTHjIip,  =  4C„Uu^„0„■t-l3H,Or 

Alurcxid  may  also  be  ohtiitDcd   by  adding  a  solution  of  carbonate 
of  ammonia,  drop  by  drop,  to  a  boiling  itoUition  nf  alloxan,  until  the 
liquid  has  a  si  igh  lly  Htumoniacal  odour ;  the  solutiou  then  acquires 
*  beautiful  purple  tint,  becomes  turbid,  and  on  cooling  deposits 
4-sided  prismatic  crystal*  of   ratircxid.       Murexid   mny  also  be 
prepared  on  a  small   iiealc  by  dissolring  4  grains  of  alloxantin 
'with  7  of  hjdratcd  alloiati,  in  half  an  ontice  of  boiliog  water, 
and    mixing    the    solution   whiUt    hot  with  80  grains  of  a  cold 
ItBtunted  sulution  of  rarlionnte  of  ammonia ;  brisk  efiervescerire 
[ciuucs,  and  a  splendid  purple  liquid  is  produced,  which  on  cool- 
ling  depuslt«  mugiiificcDt  green  ciy'staU  of  miircxid,  with  a  goldi-n 
ilnatre.     These  cry^ttals,  when  heated  to  313**,  lose  water  to  the 
'extent    of  5    ur   4    pa   cent.       Its  hritliant  colour  ia  siKcdily 
I  destroyed   by  sulphuretted   hydrogen,  as  well  as  by  free  smmouia. 
[Hureiid  ia  but  sparingly  soluble  in  cold  water,  to  which,  howc^'cr, 
jit  comtnunicatcs  its  iutcnsc  purple  colour  ;  hot  water  takes  it  up 
[bumtc  freely. 

When  the  solution  of  murcxid  is  raised  with  salts  of  lead,  of 
baryta,  and  of  siWer,  it  yields  purple  precipitates.  Corrosive 
mbliraate  slowly  but  completely  decolorize*  a  solution  of  murexid, 
giring  a  Ijeaiitiful  purple  precipitate.  A  solution  of  acetate  of 
inc  yiihU  a  goldcu  yellow  precipitate  in  a  solution  of  murrxid, 
irmiug  a  brillttiul  iridescent  lUm  in  which  grccu  nud  yellow  tiuts 
lomiiiate.  Dilute  acids  decompose  the  crystals  of  murexid, 
cause  the  sepnnition  of  scale*  of  Ji  'paringly  soluble  yelloMish 
ibstauce,  termed  wiMrc^an,  which,  in  all  probability,  is  an  impure 
irtn  of  uramil;  tbe  solution  contains  a  raixtiu-e  of  alloxan  and 
Jloxantin. 

Murexid  is  a  body  resembling  an  araidc  in  composition.    The 

com))Osition  of  thitt  compound  is  not  accurately  established, 

it    the  formula  alwvc  given  af;^''**^  *''th  the  analyses  of  LieWg 

Wohlcr.     Fritsche,  from  bis  esperimcnts,  represents  its  eom- 

ftition  by  tlie  somcwbnt  improbable  formula  (C,,H^N^OjJ,whiclv 

not  explain  the  mode  of  the  formation  of  wtuTesS.^. 


I 


The  colouring  principle  of  marcxid  lias  Intvly  btco  applied  ¥'■ 
CCFsfuUy  to  tde  iljeiiig  uf  iiiUu  aiitl  cotton^  and  leas  |ierf«ctlf  to 
wool.  Silk  may  be  drt-d  by  miujiIc  immcr»ion  in  a  coiiceotnted 
Holutiou  of  corraxivc  sublimate  mixed  with  luiircxJd.  Cottott  good* 
Krc  mordanted  with  lead.  Nitrate  oflead  ia  thickened  and  tm\tA 
with  a  proportion  of  nnurcvid  sutticicut  to  gikc  tlic  dcstrt-d  sliado: 
it  ia  lUeu  priiitcil,  the  cloitk  dried  aud  imnieiTcd  in  a  batb  cutt< 
Iniiiiiig  I  part  of  cornwivc  sublimate,  I  of  acetate  of  voda,  and 
ICC  of  water  (Lauth).  Boeing  ou  wool  «itli  murcsitl  Diity  be 
cllcetcd  if  tbc  fabric  be  ^x»l  uiordautcd  with  '  pink  salt.*  tite  dou' 
cliluiidv  of  till  and  unmouiiioi. 

Te*t/or  Uric  Acid. — Ad^  mintage  ia  taken  of  the  fonuatioo 
morexid,  in  order  to  detect  very  minute  quantities  of  uric  ncid  bj 
tliu  octiou  of  uitxic  acid.  ,In  applying  this  tot,  tlic  subfiQuic* 
&upp06cd  to  coutaiu  unc  acid  is  heated  on  a  »lip  uf  gtaoM  with  ■ 
drop  of  nitric  acid,  and  evaporated  cautiously  to  di-yuess.  Ifune 
acid  Ik  jircMmt,  tbc  i-c»iduc  has  a  red  colour,  uhicb  is  converted  bf 
expuiiurc  to  the  vapour  of  auimoniuiiito  a  fine  cniUMin,  and  liicaddi* 
tJon  of  n  drop  of  a  sulutiou  of  pota»h  dcvdopcs  a  splendid 
colour,  which  distippc-ars  on  tbc  npplicatioD  of  beat,  with  ex 
tion  of  utnmoiiia. 

(1442)  Allantoin  (C^H^NjO^  or  C^U„N,OJ.— This  ia  a  hod/ 
which  occurs  in  the  allantoic  fluid  of  the  cow,  or  m  the  uiiiie  of 
tbc  fcctnl  calf,  but  it  may  also  be  pit>cun.-<l  by  tlic  oxidatioD  tri 
uric  acid.  For  tbitt  pur])0»e,  1  part  of  uric  acid  niu-st  bo 
pendcd  iu  30  parts  ofnaler,  alid  raided  to  the  boiling  point;  fi 
levigated  peroxide  of  lead  is  then  to  be  added  iu  small  quaoti: 
at  a  time  to  tbe  Iwilinij  licjiiid,  until  llie  vxiilc  eea»<.-&  tu  oh. 
colour.  The  pen)xide  of  lead  is  reduced  to  the  stale  of  protou 
and  It  bri^k  cQ'crvcfccncc  occurs,  owing  to  tlic  c»cape  of  carbu: 
acid,  uhiUt  oxidic  acid  is  pnroipitutcd  in  coiubinatiou  with 
oxide  of  kad ;  the  Bupematant  liquid  ia  colourless,  and  od 
filtering  it  and  alloniitg  it  to  coot,  liard,  brilliant,  priHniatic crj'tta!* 
of  alliuituiii  are  dcpusitcd.  I'pou  further  concentration  uf 
soltitiou,  fresh  cry&tsls  of  ullautoiu  ure  obtaiued,  and  when 
mother  liquid  has  bccu  evaporated  uulil  it  acquires  a  syrupy 
sistcnce,  <:rj»t:il8  of  un-a  arcdepui^itcd.  Tlic  reaction  nhicLaltti 
the  foruiBtiou  of  allnntciii  is  not  well  nnderatood,  and  tbc  ciiiiatioiD 
liitherto  gircii  do  nor  satisfactorily  account  for  all  the  produtti 
Licbig  and  Wiihler  consider  the  reaction  to  be  as  foUonit  (douhlii 
ibe  proi>ortions  given  by  thcie  chemist:;  to  allow  of  doubliag 
luolccuUr  formula  for  allautoiu) ; — 


UrtTKtd. 


Onlttaofbal. 


HO,CV".N.Oj+4n>0,+3  up,  =  3  (3  PbO.Cpj 

)onic  iwid  ariww  probiibly  from  the  oxidizing  nction  of 
tide  of  lend  iipon  ilic  otnlate  at  tlio  mnrnpnt  of  its  rnrmo- 
telouze  has  bowerer  bIidith  tliat  tlic  decouii)o»itioti  Ib  in 
loro  ooiDiilicaUrd  tliaa  it  appears  to  be  from  ttic  foregoing 

ntoiii  is  a  neutral,  toslelest  sabatanon,  s[Mriog)y  soluble  in 

rr,  Imt  fr«*!v  soluble  in  lioiling  wRtor,  It  hIiowa  Trnt 
Qilenc}'  to  combine  nitli  other  boflirj>;  but  a  eompound 
oin  witii  oxide  of  silver  may  be  obtiiiiicd  by  mising  a 
olntinn  <if  allaiitom  with  one  of  nitrate  of  silTpr,  and 
mmnnia  ilrop  hy  drop  ;  »  white  precipitate  [C^H._AgN,0^) 
ccasioned.  It  b  proliahlc,  thercfoR',  that  the  iisunllj  rc> 
ula  ofallantoin  should  be  doubled.  Allanloiii  utidei^oes 
tion  ill  the  pre<«ricc  of  yeiut,  furnUbing  urc*,  oxalate  of 
L,  and  an  utmamiocd  acid  (^VijhIcr}.  When  allantoin  ia 
til  solutions  of  t)ie  alkuUes,  it  undergoes  decgutpottilion, 
being  evolved  whilst  oxalic  acid  i«  formed : — 


lOntfln. 


OuUt'HJpnlMh, 


■.n,N,0,+H,0,+*(K0.H0)=4H,S  +  j(aK0.CA). 
ttoin  18  readily  decomposed  by  nimple  elevation  of  tcmpe- 
rbcn  its  aqni-ous  solution  is  bcatt^  in  a  cloM'd  lube  to 
C^  it  is  resolved  into  a  new  acid,  atlanlunc  acitJ  (HO^ 
1^;  Pelotuc],  and  into  carboiinlp  oriimmunin;  both  tbcso 
»  beiuj;  pmducrd  from  Ihc  clcmi-uta  of  allantoiu  by  tlic 
Bud  of  the  eleiueulft  of  water : — 

.ii.s.o.+fi  n,o,  =3(Ho.c„H.^,OJ+>oa.^b.c,u,). 

itoin  nlRo  a»imilatt-8  wntcr  and  is  tmnsformeid  into  allftn> 
I  by  heating  it  gently  witli  nitric  acid,  or  with  liydro- 
ind,  and  urea  is  at  the  same  time  farmed  : — 

■  .0,+ J  H,0.  =  icnO.cCu.N.OJ  +  a  C^H^Np,. 
IM  couiiidon  that  the  nrea  fouud  in  tlic  mother  liquor, 
daring  the   preparation  of  allantoin  from  uric  acid  by 
purtaide  of  Irad,  is  due  to  thU  sccoudary  action  ;  this, 
w  xcry  doubtful. 


I 


Alliuiluric  add  is  a  white  d<;liqueaceut  su1>»taace,  nhidi  givta 
white  prt«i|iiutes  vilh  nitrate  of  silver  and  with  tliu  acvtiite»  of 
Ictul ;  tLcsc  [ifccipitnicit  nrc  Aoltible  in  an  excess  of  tlicse  salt*, » 
well  lu  iQ  free  ailauturic  acid. 

Whcu  iilluutOLU  i»  digested  for  sooie  3aj8  with  a  oonccutnt^^ 
solutiou  of  potash,  then  mixed  vitli  acetic  Acid  in  excess,  ud 
Ireated  with  a  solution  of  acetate  of  lead,  an  insoluble  lead  salt  of 
a  new  a<ad,  termed  hidantoie  add  (HO.CjH^NjO,?  Schlicpcr),  h 
formed.  The  uorroal  a^^id  contains  the  elements  of  one  etjc 
of  allantoin  with  3  odditiotiol  equivalents  of  water.  Its  RuL^ 
is  polj-mmc  with  oxamide. 

Lautanuric  Acid  (IIO,C|,U,NjO^  ?)  li  the  name  gitcn 
Schliepcr  to  a  result  obtaiued  by  adding  the  powdered  uric 
to  a  eoiulion  of  fcrricyanidc  of  poUm«tuiu  and  hjdnUe  of  poivb 
at  ordinary  temperatures.  Under  these  circiifostanccs  the  nd 
{irustiatc  is  rapidly  converted  into  the  yellow  prussiate  of  potasl^ 
whibt  naiiccut  oxygen  nttackii  the  uric  acid;  4  Kj^FciCyif 
4(KO,HO)  =  8{K5,I-VC),)+4  HgO,+  0^.  AUantoiu  and  cariwoie 
acid  are  firtt  produced, —  ^ 

a(aHO,C„H,N,0.)+0.+jH,O,=»C>.»A+3C,0^       ■ 

and  the  allnntoin  combining  with  an  additional  quantity  of  w»tff 
i»  resolved  into  lantanuric  acid  and  iirca  : —  ^ 

It  is  poftsille  tbut  luiLtauurie  acid  tnuy  be  identical  with  tte^ 
allaiituric  acid  of  Pclouzc :  it  ia  a  deliqucticciit  tubctaiicc,  iitiiC&  , 
forms  a  white  insoluble  salt  nitli  ox.ide  of  lead,  and  its  piuporlietj 
agree  very  cloaely  witli  those  usmilicd  by  Pelousc  to  allaat^fl 
acid,  respecting  the  analysis  of  which  uo  detaiU  Iiave  hitfaa^l 
been  published.  H 

[1443)  Two  other  eubstanccs  which  have  been  sooietioiS 
found  in  urine — viz.,  cystiu  and  Uynureaic  acid,  wiQ  be  notioH 
lierc.  J 

Cystiu,  or  Cyttic  Oxide  (C^H^NO^SJ.— This  subntancc  oxw 
tutcs  a  rare  form  of  urinary  calculus.  Calculi  composed  oHH 
arc  iicnii-transparcnt  and  of  a  browntsh-yellow  colour,  and  crytj 
tidtiue  tciture.  Cystin  w  insoluble  in  water,  aloohol,  and  trthfl 
but  it  is  dissolved  by  the  nlrougcr  a«id«f  such  as  the  sulphuric,  uit^| 
hydrochloric,  and  pbosphoric.  It  is  alw>  freely  »olublc  in  alkaliiH 
jiolutiouHj  whether  eatiscic  or  carbonated,  frum  which  it  emu  be  iviTl 
fiipitated  by  the  ailCCiliou  qI  va  wsv^  vu^i  %:h  \Vu^  oActic.    It  atty 


ALSratlNOID   AND  OSLATIOKKOC*  rSIXClPLES. 

idity  be  obtaiDed  crystatliied  in  hcMgonal  platM  by  nllovin^  its 

imoniacal  solution  to  evaporute  Bpoiitatirausly,     Svhcii  hcatod 

It  does   not    melt,  but   ia   decomposed,  amittiug  a  peculiar  fcctid 

)ur.     Cystin  contains  a^-j  per  cent,  of  sulplnir. 

Kyaurtnic  Acid  i*  tfie  iiamf  given  by  Licbig  to  a  prcutiar  acid 

yanA  in  the  urine  of  the  dog.     It  forms  very  lixht,  silky,  colour- 

s,   tlclicate    needles,    wbicli   «r«    soluble   iii   alkaline   solutioan, 

nearly  iiiRolnblc  iu  watt-r,  aud  insoluble  in  ajeohol  and  ether.     It 

»oIublc  iu  liot  dilute  acid  solutioiid,  and  is  deposited  fi-um  tliem 

cooling.      It  combine*  with  tlic  alkalies,  forming  soluble  crys- 

nine  salts.     Kviiureuie  acid  docs  not  appenr  to  contain  nitrojien. 

[ta  compwitiou  has  uot  been  asccrtaiued.     When  beatcd  lii  a  sniidl 

ibc  it  yields  a  cryitlidlitic  aublioiate,  aud  leaves  scarcely  a  trace  of 

carbouacouus  ruudue. 


CHAPTER  XL 
ALnruixoin  and  gbi^atigemous  pxikciples. 

[1444]  Tue  greater  number  of  tbe  compouiKts  of  organic  origin 

rbich    have  hitherto  occupied  our    attention,    arc    destitute   of 

lorganic  structure ;  tbcy  contain  in  each  uf  their  constituent  or 

(equivalent  moleeulrs  otdy  n  moiU-rnlo  luimljer  of  elementary  atom*, 

^n  which  respect  they  differ  from  the  compounds  which  remain  to 

be  descritjcd,  since  the  latter  arc  of  a  much  more  complex  characteri 

rhc«c  bo<lie9  enter  into  the  forinittiuii   of  the  orgunized  textures, 

aud  are  de*titute  of  crystalline  character.     The  moat  important  of 

tliein — Tiz-,  fibrin  and  albumen,  occur  both  in  plants  and  in  ani- 

3b1s,  nnd  though   tlicy  form  but  a  small   proportion   of   the  M>lid 

imt  liquid  components  of  the  organs  of  plants,  they  are  never  en> 

kirely  wanting  in  some  portion  or  other  of  their  organism.     They 

most  abundant  iu  the  scrd.     These  substances  abound,  bowcver, 

III  the  animal  tissues,  and  constitute  their  most  remarkable  and 

tinctive  ingredients.     Owing  to  the  complexity  of  their  compo* 

lition  no  sBticfHctory  rational  formida  can  at  present  be  assigned 

any  of  these  aitoti^ietl  hodicN ;  ant],  owing  to  their  indisposition 

cry^^tallixe,  great  difGcuUy  is  experienced  in  obtaining  them  in  a 

etarc  of  purity,  and  of  ascortaiiiing  when  they  arc  really  free  from 

foreign  admixture.      All   of  tliem  contain  sulphur  amongst  tbcir 

components,  though  tbc  proportion  of  this  clement  never  exceeds 

1  per  cent. 


7'Ui   OXtDA:ttON  or  TUK  AtBVMINOlO  AWD   QBUTlaBKOF*  Oltnim.l 

These  axotMcd  compOHiwIs  mn-y  be  sulitlitided  into  twi> 
LfTOiips:  of  llicse  tho  more  im[K}itaiit  U  termed  the  aibumiitcid 
group,  oviiiic  to  the  geueral  reseuhlaucc  of  itn  mviDbcn  to  slim' 
men  or  white  of  egg ;  it  coRi]>ni>««  ftllHimeii,  Bhriii,  ntsctn,  *n4 
legtitniii,  iu  which  the  proportiua  uf  uarhou  to  tiitrogcu  ■»  tbnt  of 
eight  cquivaleuta  uf  tlic  former  to  otie  of  the  latter.  TIic  tceind 
group  is  the  yelatigenotia :  it  comprises  gviuttti,  cliondrin,  and 
ossein. 

(1445)  Products  of  Oxidation  of  the  Alduminoid  aiut  Gclalyemma 
Group*. — When    these   azoti&ed   subatanccs  arc  »uhinittetl  to 
gradunl  action  of  osidiriug  ngents,  they  fiimisli  a  great  ^-ariet; 
produtta,  which,  however,  Iwloiig  to  three  principal  groups; 
to  the  acetic,  the  bensoic,  aud  the  cyanic  scries.      Amongst 
volatile   bo^icM  ftiruished  by  trvatiug  alhiiRiiuoid  auhfttaiiMA 
a  mixture  of  hichnitnate  of  potash  aud  sulphuric  acid,  or  wr 
tnixtujTC  of  peroxide  of  mangaue^  and  sulphuric  ucid,  G uckclhcifo.. 
[Liebif/'s  Annal.,  Ixiv.  39)  obtained  (he  following  products,  I 
others  which  have  not  been  specialty  ideuti6ed  >— 

Acetic  ablchyd  Ben»oic  acid 

IVopioiiic  ftldchyd       Hydride  of  IwuMjI. 
Butyric  aldehyd. 


yormic  acid 
Acetic  acid 
Propionic  add 
Butyric  ucid 
A'aleric  acid 
Caproic  acid 


Hydrocyanic  acid 
Valcrouitrilu. 


The  Tolatilc  product*  of  oxidatioTi  arc  the  only  one*  trhieli  fc«»^ 
as  yet  been  fully  cxaniinfld.  The  most  abundant  of  tbwe  proilort* 
are  the  series  of  volatile  acids:  uext  to  lliesr  the  products  of  tfce 
benzoic  ecrics  oecur  ia  tbc  largnt  quantity,  wliilftt  the  liydrv- 
cynoic  is  obtiiiiiod  in  the  amHlle^t  cjuantity.  The  proportion  io 
which  tliciie  substances  are  furiued  vxrieii  according  an  cucin,  fibiin, 
albumen,  or  gelatin  has  been  the  body  submitted  to  oxiilation- 
Gclatiu  yields  the  lnrge>t  fjuantity  of  forraic,  acetic,  and  T^eric  oHl 
(Schlicper,  Lieb'ii/'s  Annul.,  lis.  1)  ;  libriu  give*  the  largest  prv 
portion  of  butyric  acid,  and  casein  yields  t)ic  coupouad*  of  h- 
iu  greatest  abutiduiiee.  There  can  be  no  doubt  th'at  these  '1  ' 
originate  in  more  com])k-s  organic  pmduet*,  which  are  th'-  "'•■ 
results  of  the  breaking  up  of  these  complicated  azutifcd  sahstaoicc^. 
Thus  leucine  and  trruniiic  are  amongst  the  products  obtained  in  >a 
early  Mage  of  the  reaction,  and  they  break  up  iuto  nileric  icid, 
ammonia, aud  pi-obably  other  compnuuds.  When  thcalbuniiuoiilsn^ 
gelntigenoiis  Hiil>il»iicva  arc  fiwcd  wilb  hydrate  of  |>ota«h,  thcv  yvH 
leucine  aud  tjfrosme,  Vs5,«,\i.«  ttftV*.  \ww»SAft  <ymutitics  of 
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e,  anil  otiicr  salts  of  putash,  which  belong  to  the  series  of 


^  T.  Tiis  Ai-rhmisoiu  Gitoiic 

l4^'5)   It  lias   Imx-u  aJrcady  stated   that  tlie   more  importjint 
^lerft  of  this  {croup  iire  alhiinien,  librin,  cuciu,  nnd  Ic^niiii, 
comprises  scvvnU   luodiGcatious  of  ttic-JiR  iMxliot  of  minor 
iitn:,  »»ch  as  gloliuhii  and  vitelliii.      T)ic  clitTereiii  foniio  of 
,  tito  exhibit  a  dose  rclatioii»hip  to  tlic  couipounds  of  tliii 

-  is  tlic  chamctorisLic  lugreditrut  of  while  of  eg-/,  aud 

r-.^o^  portion  uf  tbc  blood.     Fibrin  is  the  principal  coiisti- 

oT  nitucular   tissue,  atid   be   tluic   oompoiient  of  the  hlood 

i'jDs  ilfi  spoutaijcoiw  coaj^ulatiou  ;  casein   \i  that  coii- 

^.    milk  obicb  is  scpantlcd  in  tbc  form  of  cui'd   on  the 

of  Bu  acid ;  it  is  the  essential   oompoiient  of  cheese. 

IB  abundant  in  tlie  seeds  of  tbu  h-^tiiuitiou»  plauto,  sunh 

heuiis,  luid  Icutils.      Licbig  regards   Icgumiii  as  idcotical 

it);  but  many  other  cbcnui.t»  coiisiiler  that  it  has  Iiitlierlo 

1(1  odIit  iu  the  vi-^ctablc  ktii^doin^  and  casein  cidy  iu  tbc 

;  albunieu   and   fibrin  are,  boueviTj  geiieralljr  adoiitteil  to 

:ni  bcitb  clitinons  of  the  orgmiic  crcatiou.     No  animal  can 

to  sub:<i9t  U[)on  fucil  in  whirh  tbc«c  aisotbcd  suhMancrs 

ijf  wanting.     This  circumMaiice  !»  exjdiuried  by  the  im- 

il  ab«er»alioii8  of  Liebig,  wbo  first  clearly  insisted  upon  the 

t  none  of  Ihcac  pratdc  jiniiciiiSrs  arc  ever  produced  by  the 

■•■  ■'•iiism  J  tliey  an-  clahoratMl  in   the  gronnig  plant,  and 

-«ifliilat«d  by  the  animal  in  the  procesa  of  di|;«Atton. 

bnniiitoid  prindpk's  fiirntfih  Ibosc  ctsential  ingredients  of  the 

-'i  are  corinerncd  in  repiunng  the  soft  azutiacd  jiortions 

. ,  such  as  the  tniisciJar  and  nervous  tissues,  as  they 

'  :  hcucuthp  albuminoid  principles  have  been  termed  the 

lial*  of  DUtritiun,  in  order  to  tliHtinfpiish  tbera  from 

itfi  of  the  food  wltieh,  like  starch  and  fatty  mnttors,  arft 

J  necdnl  for  maintaining  the  function  of  respiration,  aud 

ia«e  bec-ii  ttTrnvd  tb«  rtajAratort/  tuatvriaU  of  the  food.      It 

wever,  be  uecesaary  to  consider  the  components  of  food  more 

(1300),  after  tbc  prupcrltes  of  the  albuminoid  principles 

);Nniaacd. 

Luiitoid  principles  rony  he  pre&crt'cd  in  a  dry  stale  for 

niic  iiurioti  irithuiit  clmngc,  but  if  exposed  to  the  aW  '«\a\c 

,  tiuv  gntiadJ/ jiatriff' aad  emit  a   sickcDiug  odoui.      Kc- 
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OOrdiug  to  Lehnianit,  among  tlie  proclucfa  of  pntirlartion  are 
always  to  be  foand  carbonate,  butjrrnt*,  talpnite,  and  hydroaulplial* 
of  ammonia,  together  villi  Icurinc  anci  tyrosine.  Tbc  rrailiucM 
with  which  (he  albiimiuoid  bodies  putrify  aud  undergo  ajHuitRQnnti 
chemical  cbatiges  when  moi«t  is  oncof  tlicir  most  Rtriking  chonic. 
tent.  SynnptAKe,  diMtaKe,  pepsin,  and  other  fermeats  are  cud> 
ndered  by  Liubig  to  be  aiodilicutiona  of  alburacu  iu  particubr 
states  of  decay  ;  and  yeast  itself,  although  an  organized  stnictuTC, 
is  supposed  to  owe  a  part  of  its  remarkable  power  of  eidtim 
fermentation,  to  the  presence  of  arotiscd  muttcp  Mhieh  is  undn** 
going  definite  transfonnation,  although  th«  nature  of  tbc  change  u 
bnt  little  understood.  If  albuminoid  inattinv  be  heated  in  elosc 
Tee^eh),  tb<7  first  swell  up  and  hire,  theii  blacken,  and  emit  a  large 
quantity  of  fcetid  em  pyrenroatic  products,  among  which  ammoius 
and  sulphuretted  hydrof^en  ore  always  prewnt ;  and  they  leave  hi 
tbc  retort  u  pomus,  hrillinnt,  carbonacooos  mau.  "Wbcu  iiicj> 
Derated  they  fiiruiab  a  notable  amount  of  ash:  this  variea  ia 
quantity  iu  different  cases,  but  it  always  contMns  phospbataj 
lime. 

(i^^7)  All   of   these   nlhuminoid    substances   are    capable ' 
existing  both  in  a  soluble  and  an  insoluble  form.      In  the 
fluids  they  occur  in  the  soluble  modification,  whilst  in  the 
ports  they  frequently  arc  found  in  the  inMiluble  condition, 
power  of  thuK  existing  either  in   tbc  ttoUd  or  in  the  liquid 
is  of  the  ftn-atost   inipurtancc  to  the  oi>cration«  of  animal 
It  is  Qecc«<ary  that  tbcse  essential  oonstilucnts  of  our  fn 
should  he  able  to  exiict  in   Kvlntion,  in  order  that  by  tbe  circu 
tjon  of  the  blood  they  may  be  carried  into  crery  part  of  the 
and  it  is  oIro  nrecflsary  that  they  should  be  able  to 
solid  foim,  to  pri-vciit  the  ein^ulnting  4liiidf>  in  their  rnur>e 
dissolving  and  nsshing  away  the  delicate  or^ns    through  whij 
they  pass. 

The»c  albuminoid  principles,  either  In  their  RoUible  or 
insoluble  condition,  are  readily  dUsokcd  by  the  aid  of  a 
licot  in  a  solution  of  potash  or  of  soda  :  tbc  addition  of  an  acid] 
the  liquid  bu  ohtninnl  cause*  the  »eparatton  of  a  greyiikh 
precipitate,  termed   by   Mulder  jtrolwi,   while   a  eliglit  udoiffi 
aalphiirctted  hydrogen  i»  emitted,  vnd  a  small  quantity  of  phosph 
acid  is  also  found  in  the  solution.     This  precipitation  i<  best  cflV< 
by  means  of  acetic  aeii),  since  the  mineral  acids   are  oln-tutflt 
letftined  by  the  floccuU.     Wheu  either  of  these  priHcipk*,b1 
soluble  fonn,  ia  evaporated   at  a  grnllc  heat,  it  yields  a  mi 
tnuispiLxenl  friabile  mM»,w:w\^S3M*^'M!t\\\«^        and  iai 


TU2   ALOl'lttNOlD    ORODP. 


743 


themlilitionor  nlcobol  to  the  aqueous  solutions  cftoses  their 
Tticir  aqueous  solutious  arc  also  precipitated  by  Uic 
of  soliitiona  of  t)tc  nalu  of  oop^icr,  of  lead,  and  of  tncr- 
vdl  an  by  iufusion  of  galU. 
tratcd  AulplmriciLcitl  disHolreA  the  albuminoid  substances 
ui&U  red  coluur,  hut  tlic  mo«»t  cbiiractcriiitic  tc«t»  for  the 
bodies  arc  afforded  by  nitric  aad  hydrochloric  actdii. 
■tnted  nitric  acid  produces  in  their  Moliitions  a  coagulum  of 
111  omnite  colour,  uttd  ^rmliully  diinolTCs  it  with  vdcrrcs- 
fir  if  tUcy  be  ia  tlic  iu&oluble  condition,  the  tiasue  is  stained 
and  is  slowly  dinsulTed.       Mulder  cousidera  tiii»  yeliow 
tee  10  be  a  diiliuut  cotopnuDd,  and  names  it  xaaihraprotw 
Concentrated  hydrocliloric  acid  when  gently  warmed  with 
auid  wtutions  produces  a  mtlk-whito   coeiguluui,  which  it 
e>  tlowlr,  funuius  a  blucor  riolct>colotirccl  liquid.     It  may 
be  stated  that  acida  generally  pi'oduce  oua^ilattou  of  albu- 
rabttaiicca  whea  iu  solution,  but  tluit  (nilL  the  exception 
mctaphoflpboriti]  when  added  in  cxcctu  they  rediuoU-c  the 
tin.      On  diluting  these  acid  Ii(|uidit  with  a  moderate  qnaa- 
rater,  a  precipitate  occum,  but  it  di»iuppc-ars  if  tiio  dilution 
ied  still  farther.     These  acid  sulutioiis  give  a  prix:ipitatc 
be  fr.rrocyanidc   and    with    the   ferneyanide  of  potavsium, 
the  ac|uvou»  solution  does  not.     MUlua  proposud  to  test 
prot£in-conipoiinr)»  by  moistening  ihc  tissues  siippooed  to 
them  with  »  solvition  of  two  parts  of  mercury  in  four  of 
id,  of  sp.  gi.  1*40.     Oa  the  application  of  a  temperature 
below  that  of  boiling  natcr,  an  iutense  red  colour  is  dc- 
,  which    tH   not   destroyed   by  boiling  with   water,   nor  by 
e  to  the  air.     The  gelati^cnoua  tiaanca,  however,  produce 
r  c»loration.     'lliis  red  colour  is  so  intense  that  it  may  be 
td  oa  mlding  tlie  mercurial  solution  to   a  liquid  containing 
ife  than  Tuu'uuc^th  of  its  weight  of  albumen. 
th  albumcu  and  fibrin  contain  a  small  quantity  (less  tlian  1 
L)  of  sulphur  and  gf  plKWphoirus ;  caacin  likcwiitc  contains 
-,  but  phoKphorus  !a  absent.      It  ia  owing  to  tbo  presence 
lOr  thai  putrid  eggs  poiwess  their  peculiarly  oRensive  odour. 
pbnr  is  in  the  unoiidizcd  condition,  and  this  probably  ia 
with  the  phosphorus,      lly  the  action  of  asolntioo  of 
both  these  elctncnta  are  in  great  measure  removed  from  tho 
'     '-    and  when  tlic  alkaline  liquid  ia  ncutralizc<l  with  an 
L^L-d  protein  i*  prccipituti;d,  whiUt  the  phospliorua and 
the  Milphur  remain  in  llio  solution.     The  \)rcBcnci^  vA  uu,. 
.uJ/>2iiu'  ia  the  aujwriutAUC  liquid  may  bi:  abovu  b^  «&^va% 
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to  tlie  cold  fiolntion  in  poU.ili,  of  otic  of  these  componntle  (&]' 
for  eximpk),  a  few  drojis  of  a  clenr  solution  of  oside  of  lead  in 
potash,  fonncd  bjr  adding  an  cxcf«s  of  {xitagb  to  a  solution 
acetate  of  lead.  Oii  applying  licat  to  titr  solution,  tin;  albu 
dMompowd,  its  )>u1p1)ur  is  removed,  nlaUt  mlpliide  of  [w 
and  liy|K>giiI[ilute  of  pots^h  arc  produecd ;  S,  +  3  (KO,H 
K,S,+ 11^0,4- KO.SjIlO,:  tlic  sulpliiile  immcdiatclj  ehows 
liy  forming  a  brown  jirmpitatc  pf  sulphide  of  leiul,  vliicli  rem 
tlie  ti(]uid  dark<cotoiircd  and  opi»jue  :  PliO  4-  K.S=  PbS  + 
The  pho»phonii  become^  oxidized  and  converted  into  ptiospl 
Kid ;  it  remains  iu  tlie  liquid,  ia  which  it  may  be  dbtcovcrcil  W 
tlic  appnipriate  t*!alii. 

Many  cheuii^it'*,  including  Gerliardt  among  the  number,  regatd 
all  tlic  substances  of  the  albuminoid  jpvup  ata  chemically  idcnticsl, 
a»(I  as  reaulting  from  the  combinattou  of  a  single  priticipV,  wliidi 
prcsciitfc  ibe  cbarneters  of  n  fiTlilc  acid  ;  the  modificittioiu  in  vok 
pcrtica  n-liich  it  exhibits  under  tlic  various  forms  of  albumen,  6lifl 
and  oa»ein,  beliif;  due  to  its  ronibinntion  with  difTcrent  basM^H 
saliuc  bwltes.  Tliis  hypotliMiis,  however,  though  proh&hle,  hna  fl 
been  actually  prorcd  to  be  true,  and  in  the  present  state  of  ade^l 
it  is  ncccvoary  to  roganl  these  bodies  b»  distinct  »nbstances,  wUB 
are  convertible  by  vital  pro(^fK<ca  one  into  the  other,  bnt  eficl|fl 
which  lia»  its  oirti  peculiar  fuiietioDS  in  the  oi^iiism.  ^| 

Tlic  original  vivtr  of  Mulder  wan,  that  albumeo,  fibrin,  jH 
cOftciii  were  derivntivea  of  one  fundamental  asotiM-d  prindjlff 
which  he  termed  ftrotein ;  and  that  this  aubstancc  by  its  niiim 
with  diflcrcnt  proportions  of  sulphur  and  of  pltospboni?,  gate  nv 
to  tlic  different  mudtlicatioii»  of  tlic  kibumiiioid  group.  LiefeiH 
baa,  however,  shown  that  Muldci-'s  protein  always  retains  a  si^| 
but  variable  amount  of  c^ulphur,  and  be  denies  the  exiateacoH 
protein  as  a  aeparnte  body.  It  «p|>car*  mont  likely  that  tiw  *i^| 
stance  termed  protein  by  Mulder  is  merely  the  original  body  «h^| 
was  operated  upon,  hut  slightly  modified  in  the  course  of  the  iH 
pcniiitMib<  by  the  iKiioii  of  potaab.  The  folloiring  table  indicsdH 
the  eompoHitiou  of  loo  parts  of  protein  according  to  the  analyflfj 
of  Mulder,  and  it  ^vcs  a  comparative  view  of  the  reault«  of  dH 
anulyitia  of  nlbiniicii,  Rbrin,  and  cnsein,  by  the  same  clicinist,  ff^^ 
wlucli  it  ia  apparent  that  the  composition  of  these  bodies  ii  lu^l 
that  mcrr  ultimate  analyses  are  insulhcient  to  distinguish  l>clv«^| 
them.  Ttie  biiaIv^lis  of  Icgiimin  arc  dieoordaut,  aud  it  is  *<^| 
doubtful  -u'bether  Dumas  and  Cahnurs  operated  on  a  homugeoM^| 
lubslaucc  (i4.>4l.  In  all  cages  the  ashes  have  beoi  tleducttfd  piH 
fioiis  to  ca,\culaii«g  \\\c  wm^wx'uottTO  \««>  -^fixtxi —  ^^H 
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aomeroa*  dpcrimeDts  upon  fibrin,  albumen,  arHl  ciiscin, 

ibfe^iuputly  to  these,  by  various  chemisls,  compktcly  coufivm 

ancy  of  iIpc  ro»ults  obtained  bvMuIJci'wi'htbcsesubstaiicee. 

48)   Pr<>lrm?   lC3,H„X,0„=C„H^.N,0„.:  HO 'O.-Mul. 

I  mnintaiiis  tlie  existence  of  a  subetanoe  free  fnim  sulphur, 

be  terms  protein,  aud  to  irkich  be  assigns  the  forninla  above 

It  bo»,  however,   never  bccti  procured  free  fnjiii  sulphur. 

latttioiis  ftncculi,  obtained  on  ueutraliziug  an  alkaline  wlu- 

luxy  allmniiuoid  aubMtance,  if  well  «ft»licd,  aud  dried,  I'urui^li 

■rimii,  homy-luokiug,  ecaii-transparcut  mass,  which  has,  ac- 

to  Mtilder,  the  same  conn»o«ition,  wimtber  it  be  prepared 

IbumcQ,  fi'um  fibrin,  or  fruui  caei:iii.      Protein   is  ilralitute 

aud  EincU:  it  is  insoluble  lu  water,  alcohol,  and  ether; 

waUM*  it  «wclU  up  and  becomes  gelatinouii  in  n|>i)cni-aDce. 

tea  di<^olfe  it,  aud  dcjiusit  it   unaltered  ou  ucutralizing 

■ivilh  an  acid.      In  the  mineral  acids  it  sirclls  ti|j  uud 

,  which  rctaiDs  a  portion  of  acid;  this  ncid  jelly  is 

Ue  ia   water,  though    au  csei-ss  af  the  acid  dissolves  it, 

Pp^  :■_.   [i   uualtered  on  dilutiou.      Diluted  ealpburic  acid  if 

I  protein  at  212°  for  some  honm  gnulually  deeomposes 

prodiuiot  amount  other  coni|K>nudtt  a  quantity  of  leucine. 

lOo  protein^  or  aity  compound  vrhicb  furni&hcs  it,  ia  boiled 

for  wveml  con«cotivc  hours,  the  protein  gmdually  com- 

ilh  osy^cn,  niid  becomes  coarertcd  into  a  Holuhle  aulmtaiice, 

Rw  ^[ulder  teroxide  of  proteht  aud  ammonia  (II^N'0,3  C,. 
kllO?)  :  this  compound  i«  insoluble  in  alcohol  aiid  iu 
la  wiui'uu«  !U)lution  is  precipitated  by  the  mineral  acids, 
Uana  of  chlorine,  of  tanaio  acid,  and  by  tbc  »alla  of  lead, 
r,  of  xiuCj  utii)  of  irou;  but  not  by  fcrrocyanide  of  potaa* 
■r  by  <alu  of  baryta.  It  forms  iientRil  compoumU  VvVkv 
iUo»j  bur  ifbviled  nith  an  excess  of  ])Otaah  or  qI  wAt.  ^X, 


■ 

^^H        jiclils  the  aiDinouiacal  ten 
^^1       amnioaiaral  teroside  a^ipear 
^^H       which  n  fanned  upon  the  « 
^^1        from  piitieuls  suflbnog  iroia 
^^M        Id  euch  ca«es,  it  i»  at^ociAt^ 
^^m       bally  described  bv  Mulder  j 
^^H        cbtnsiit  a1*u  rcgurd*  tliis  t: 
^^M       cntwtittieat  of  the  hair :  it 
^^m       alkatin,  and  is  oparingW  bo 
^^H        tft  tUio-  oompoaad  nhidi  ooo 
^^B        from  Bbrin  aflfir  it  baa  beci 
^^H        ia  (rrufaablT  similar  to  that 
^^V        Mi)i»tKiice,  and  >u  rrIntioi»  i 
Iiidml.  the  exiateace  of  tho 
distjuct  phncipksit,  maat  be 

(i44i>)  ALuriiix. — Tb< 
tion   »rc.    fmlgect  to  contu 
UtUTT  of  the  vibetaoves  «i' 
tiottt  ut  albumen  from  tb<t 
tlicKfoT'               in  wmr   rrs 

AtBCUtX. 


nlotiou  boin^  grvnll/  promoted  by  the  addition  of  &  »inall 
of  rlildridc  of  sodium  or  of  any  otKcr  ealt  of  the  alkulitis. 
crnltlR  portion  of  llie  albumen  is,  however,  alnajrs  left  in 
nble  form.  If  irbite  of  egg,  or  soniTn,  be  c^'ajrarited  to 
Vttcao,  tlicn  powdered  and  digested  in  a  small  qnantity 
yratcr,  tlie  gpreater  [lortinii  of  tlie  sohiblo  saiti  ia  di«- 
I,  and  at  the  mrac  time  a  cuusidcrablc  qtuutity  of  albumen 
i'uiul  JD  the  liquid ;  tbi:  residue,  nflcr  t>ring  Ihua  freed  from  itA 
|W«  mIi!«,  I*  nlrmiAt  inH>lubIe.  Albuiuciij  in  ita  piire«t  form, 
fldi^Utl}'  acid  ri'3«tioa  upon  litmus. 

TiiE  most  remarkable  pcrnliarity  of  albumpn  is  ita  power  of 
It  the  apjiiioatioti  of  brat  and  of  becoining  insoluble. 
j'JOD  bcgios  at  140°;  the  solution,  if  conecatralcd, sets 
iiDUK  man,  as  is  »ccn  iu  the  common  proccu  of  boiling 
Lanl  ;  btil  nhnn  the  liquid  u  rcrjr  dilute,  it  itimply  beooiucs 
Tho  albumen  may,  however,  bo  separated  by  ebullition, 
Ihat  the  solution  be  neutra]  or  slightly  acid ;  it  then 
Bto  Dak(r4,  which  can  bvscpnnitrd  by  fikruttou,      Nothing 
of  the  cause  of  the  coaguUlt»n  of  albiimcu   by    he»t. 
,a  wlution  of  albumen  coutaiitiug  alkali,  such  as  serum  or 
'.tgg,  is  boated,   a  small  quantity  of  eulpliur  is  separated, 
]uid  )>rcomc4  rather  more  alkaline  from  tW  lib<;rittion 
10  of  tlio  auda  from  the  coagnbitcd  ma.<». 
ted  alliumcn,  wbeu  dried,  forms  hard,  horny,  trans- 
s,  of  a  j(.'llowi«h  colour.      Wbuu  plunged  into  cold 
,it  absorbs  four  or  five  times  its  bulk  of  this  liquid,  and 
opaque  a»d  elastic.     It  is  not  soluble  iu  water,  but  by 
Ing  in  open  vcK»clg  it   undergoes  gradual  dccompositlou, 
|aU4^  com]>nn»d  i»  obtained,  which  has  the  composition  of 
of  pndtiu  aud  ammonia  (1448).     If  heated  to  300"  nitli 
insntity  of  water,  in   a  scaled  tube,  the  albumen  is  redis- 
id  fiiniisb(»  a  liquid  which  does  not  oongnlatc  by  heat, 
when   acidulated  nitli  acetic  acid  gives  a  precipitate 
ptiiule  of  [wtaosium. 

aleohol  precipitfttM  albumcti  from  its  nqnooiio  Mlntion  ; 
alcolml  be  rendered  slightly  alkaline  by  the  addition  of 
I  coai^lalioQ  eusues,     Kthcr,  if  free  from  alcoliol,  dues  not 
the  eongulation  of  albumen,  although  it  renders  iu  con- 
eohition  viscid.     Kreasote  occ»sioiis  its  iiniuediate  eoagti- 
Tbc  coocciilratud  miiierul  acids  precipitate  albumen  iu  a 
I    form,  but    gradually    deoomposo  it    and  dissolve    it, 
it  an  they  do  upon  the  comjMiu nds of  protein  geucnW^  ■. 
ttolres  it  with  a  browuiili-rcd  colour,  tr.bnc  &cv& 
3  c 
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produces  with  it  n  lemQii-jdlow,  and  irttrm  brdrodiloric  scUl  i. 
violet-coloured  solottou  (iftcr  aotnc  bour«'  digestion.  Kitrieadd 
pre(!ii>itaCea  it,  aud  when  dilute  docs  uot  rrdi>solrc  tlie  prcci|iiut£. 
Ilvdrochlgric  ncid  prvclpitates  it.  aud  rcdiasoWcs  tlic  ooagoluia; 
tliv  solution  when  poured  into  d  bidaII  qiiniitity  of  frater  becotui 
milky,  but  is  rendered '  clenr  hy  tlm  furtlier  addition  of  wbict. 
Dilute  sulphuric  acid  pi-uducea  uo  precipitate  tilt  the  liquid  u 
lx>iled;  tlie  clear  solution  in  concentrated  sulpburic  acid  u  ut 
precipitated  when  diluted  with  wnter.  Mptspliosptioric  acid  canm 
an  immediate  ciia^'ulatidii  of  olbumiiQi  but  tlic  ottier  varietici  rf 
pbo»)>lioric  acid  produce  ao  such  effect.  Acetic  acid,  aud  tbe 
organic  acids  generally,  except  tlie  modificstion  of  tannic  oHi 
irhicb  is  oontaincil  iu  infusion  of  gills,  do  uot  produce  an;  p 
pitat«  in  solutions  of  albumen. 

Tlio  «olatione  of  tdbum«n  in  tlic  ot^ntc  acids  arc  not 
lotcd  by  Ijoiling,  but  a  pellicle  is  grudwilW  formed  over  tlie 
during  f^v apt) ration  ;  the  addition  of  a  aalitie  solution,  such  as  lol* 
ptiktc  of  «o(la  or  chloride  of  sodium,  causes  the  albumen  to  «>pk> 
rale  from  these  solutions.  Tlie  preripitatcs  thus  olitained  an 
generally  soluble  >a  pure  w&ter;  fn-ecipitated  albuniea  is,  there- 
fore, not  ueoeft&arily  in  tlie  cwigHlalnd  form.  If  a  utointioQ  a( 
white  of  e^  Ik  rendered  Accurately  tteutnil  by  the  addiuuu  of 
acetic  acid,  aad  then  be  diluted,  Hucculi  otalbumcn  arc  procipiuic^ 
but  they  are  redissolved  nbeti  treated  witli  a  aolution  of  ooouucn 
sidt  or  of  nitre. 

Solutions  of  nlunii  and  of  many  of  the  metallic  salts,  siii 
those  of  copper,  of  lead,  of  mercury,  and  of  JiiUx-r,  prn-ipitate 
tions  of  albumen.     It  is,  therefore,  useful  to  administer  «biti 
c^a  in  the  liquid  form  in  cn:^cs  nlicrc  poisoiiiog  from  awalli 
any  of  the  salts  of  these  nivUls  \%  suspcctoil  to  hare  occurred 
retnody  is  a  safe  one,  wliilat  if  the  poitou  hare  really  been  ii 
tlie  albtnnen  decomposes  the  salt,  and  generally  eaten  into  tan' 
biiiatioti  both  with  the  arid  and  the  base ;  the  allrunien  flioBtl 
the  stomach  fmra  the  infiuence  of  the  poiaon,  whiUt  other  mi 
are  in  preparation  for  effecting  its  reiuoval  from  the  aysteio. 

Kfffcl  of  Baiwa  on  Albumen. — The  presence  of  no  alkali  S' 
liquids  conlaiiiinij  albumen  ooDsidcrnhly  modifies  the  rc»cttoiu;  if 
the  alkali  be  present  in  Large  quantity,  the  solatioa  docs  not 
coogalalc  wlicu  hcntcd,  but  a  pellicle  is  formed  over  tbe  lurfftcC 
during  the  evnporatidii,  an  appcnrancc  being  thus  produced  similtf 
to  that  observed  when  milk  and  oilier  solutious  of  casdu  ore  expoxd 
to  the  air  Mhilst  hot.  m 

Albumen  forms  4£&m\e  cn[SY»».ia  vUh  the  alkalies  tuid  otll 
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e  Aside*.  Confiibited  afbumen  is  (luutolved  freely  \jj  solu- 
>f  the  alkalies,  aud  in  ocrtaiii  pruportioiu  it  even  neutralises 
mtio»  vpon  test-paper.  If  a  conccntralcd  Bolution  of  albu- 
mixcnl  witli  on«  of  potii»h,  n  grlatinotm  mmsn  of  atbumiMite 
h  is  rormisd,  fmm  whicli,  by  uo^liiu^  with  c»ld  wnt^r,  the 
of  alkali  may  be  removed  ;  it  retains  5*4  per  cent  of  potash 
kohn).  If  tliu  gc-Intinous  mii»>i  Im  nn^hcil  with  &lo»liol  and 
ith  w»ter,  it  is  insoluble!  in  boiliug  water  and  also  in  lioiling 
;  but  if  it  be  wa»bcd  with  cold  water  only,  the  residue  is 
both  in  boiling  water  and  in  boiling  alciohol.  The  aqueouB 
,  nf  alburoinatp  nf  {Kitiish  11  not  coogiilnted  by  bailing  it, 
the  addition  of  a  t>ninll  quantity  of  acetic,  tartaric,  or 
Kiric  acid,  a  white  coagulnm  it  proditced,  which  is  readily 
d  by  an  excew  of  tho  aciil.  These  chametrrs  resemble 
nf  csBcio,  and  some  cbcmists  have  KUppoacd  that  meiu  is 
an  albuminate  of  potnsli.  The  coagulum  obtained  by  the 
itt  of  acetic  ncid  to  the  ifoliitioi)  of  atbiimiuatc  of  potash, 
•wti]  iraAlicd,  fumiiibcs  ut-arly  pure  nlbumcn.  It  Icarca 
jr  any  a.><b  on  incineration. 

I  albuminate  of  aoda  resembles  that  of  potash,  and  may  be 
in  ft  timitnr  nuuiner.  The  animal  fluidii  in  which  albumen 
'1  .IS  the  white  of  the  e^n;  and  the  oerum  of  the  blooci, 
.  btly  alkaline,  the  proportion  of  alkali  not  exceeding 
omt.  in  OT-albumen  (Jjehmanti).  'Even  thi^  umall  pro* 
iradora  the  albumen  more  soluble,  and  prcvcnle  ita  com- 
Coapilation  on  boiling,  a  portion  of  albiunen  remaining 
Vdaiul  formiug  what  i«  often  termed  aibumnate  of  soda  ;  aod 
nion  of  the  albumen  which  docs  coo^lato  docs  not  collect 
(Mxiiti.  The  alburuinnte  nf  soda  niar  he  readily  deonmjiosed 
itniliaiog  it  with  acetic  acid ;  on  afterwards  boding  it,  the 
ia  separated  in  coherent  flocks.  It  it  tXw  to  be  remarked 
be  albumen  may  bo  made  to  separate  from  the  slightly 
liqnid  by  boiling  it  after  the  addition  of  a  neutral  salt, 
sulphate  of  aoda,  common  salt,  or  muriate  of  ammonia. 
•rr  potntA  which  rerjuire  attenlioii  in  tlie  aualysis  of  animal 
ID  which  the  qnantitatiTo  separation  of  olbumcD  is  neoct^aiy. 
rdt  ia  dispmed  to  view  scriini  anil  the  white  of  e^pi  as  rantain- 
lefinitcbialhuminatcofaoda;  and  adopting  Liel>erkuhn'H  for- 
or  lUbiinicn,  it  would  be  (iIO,N*0,C,„Hij„N,^S30„+a  Aq). 
Ibrmulie,  however,  can  only  be  regarded  as  approumations. 
ooording  to  Iiicbcrkubn,  the  compound  of  albumen  witli 
0/  fiUvr  la  (A|sO,ilO,C;„H„,N,aS,0„+  a  Aq)  *,  lVi*l  o^  eoppw 
Q!,Cj„HfioJVi,JS^£>4,+3^'J?;  the  laitertj'  e  u  wAxMvt'\tL 
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one  of  corrDsire  Bublimate :  it  is  very  inso 
biit  it  ia  cHaaolrcd  by  a  solution  of  commoD 
Preparation. — The  preparation  of  pure 
tafedfonn  may  be  effected  by  [mwipitatiug  w 
of  hydrocliloric  acid,  washing  with  tbo  sanie 
unil  then  diasolving  in  voter:  this  solution  i 
bonatc  of  ammonia ;  tbc  coagulum  is  wasfai 
quciit]y  poirderiid,  after  which  it  is  digested  ii 
ill  order  to  remote  traees  of  adhering  fatty 
tated  albumen  may  also  be  obtained  by  dco 
of  i>otasli  1)7  means  of  acetic  acid. 

Ill  the  toiubfe/orm  it  is  doubtful  whetlic! 
tbc  albumen  perfectly  from  salts.  One  m 
object  id  nearly  attained  consists  m  oeutra 
egg  with  acetic  acid;  the  liquid  is  then  ct: 
ft  |>latiuum  capsule  at  a  temperature  below 
powdered  residue  ia  digceti-d  iu  very  weak  alt 
Wiirtz  ooniudcra  that  a  pure  soluble  albu' 
io  tbe  folloniiig  manner :  white  of  egg  ia  wo 
iu  volume  of  water,  and  etnuned  thruucli  li 
the  membranous  lloecuti:  the  filtered  ]>oru< 
a  solution  of  Mibacetate  of  lead,  io  quantity 
iown  the  whole  of  the  albumen.     Tbc  oof 
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JM  No  mcUiot]  is  known  hy  which  the  absolute  purity  of  albumen 
on  tie  ascertained.  It«  coiubitiitig  proportlua  is  nlso  nncortain, 
•inc*  it  forma  no  definite  compound  upon  the  purity  of  which  a 
^ccided  opinion  can  be  formed. 

Sources  of  Albumen. — Albumen  is  a  very  xbundant  constituent 
nnimnl  body:  it  oonstitiites  about  ;  ])er  cent,  of  the  entire 
of  the  blood  ;  it  is  *u  esscutial  compoueut  both  of  lymph  and 
dijlej  and  it  is  abundant  in  all  serous  exudations,  although 
18  found  in  these  fluids  in  smiilk-r  proportion  tliaii  in  tlic 
im  of  the  blood.  It  is  also  contained  in  large  proportion  in 
any  of  tlic  toti  solids  of  the  body,  as  for  example,  in  the  brain, 
kidiipys,  the  liver,  nntl  tlip  pnncrea-*,  In  all  of  which  it  exist* 
the  uncoagulated  form.  The  liquid  of  the  pancreas  appeiirs  to 
the  only  secretion  in  which  it  occurs  in  health.  It  is  never 
md  in  the  excreta  except  undtr  the  influence  of  disoaitc:  thus 
\i^  occosioufllly  poured  out  from  the  mucous  membmne  of  the 
rcia  in  cases  of  intestinal  catarrh,  and  has  been  repeatedly 
ind  in  the  alvinc  dejections  in  cnses  of  dysentery,  as  woll  or  iq 
itbose  of  Asiatic  cholera.  It  is  Ukcwise  often  net  with  in  the  urine 
iin  acute  febrile  affections,  as  well  t&  in  some  chronic  aftcctious  of 
the  heart,  liver,  and  kidneys,  especially  in  the  disease  known  as 
viorbiis  Briffhlii.  It*  occurrence  in  the  ovum  is  general,  and  is 
familiarly  illustrated  in  the  case  of  the  eggs  of  birds. 

The  jaicc  of  many  plants,  such  as  that  of  carrots,  turnips,  and 
C«bbagc-t,  when  heated,  becomes  turbiil,  from  tlic  coagulation  of  a 
substance  which  analysis  shows  to  have  the  same  composition  as 
albumen,  and  with  which  it  coincide*  in  all  iniirartant  particulars. 
Wheat  flour  likewise  contains  an  unatised  substance  which  is  suluble 
in  cold  water,  forming  a  solution  which  yields  greyish  tlocculi  of 
albumen  on  evaporation. 

Paralbiinien  is  the  name  given  by  Schcrcr  to  n  substance  ob- 
tained from  the  liquid  of  ovarian  drop»y.  Ita  solution  is  precipi* 
tat«d  by  alcohol,  but  tbc  lloeculi  are  redissolvcd  by  water  at  lOo'*, 
and  it  is  only  imperfectly  coagulated  by  heat.  Many  other  vurie- 
ti«  of  albumen  which  have  been  dcscrit)ed  probably  arise  from  tJte 
.modifying  cficcls  of  salts  upon  albumen. 

(1450)  Globulin,  or  Crystallin,  ia  a  substance  which  elotely 
resembles  albumen.  It  oceura  mixed  with  albumen  in  the  cella 
of  the  crystalline  lens  in  a  very  concentrated  solution,  formhig, 
according  to  Simon,  from    10  to    14  per  cent,  of  the  dry  Icns.**^ 
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Lelinsnit,  in  his  oipcrimoDta  upon  tliia  na'bBliincc,  appears  DOt  to  hav* 
>tcd  \.\\f  nlbunien.  and  liuucit  the  dcscriptiou  v,\xii:\x  hi;  giro  of  it  diflers 
that  cf  fiiaioD,  who  removed  this  impurily. 
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It  ako  enters  lar^vtj  into  the  coinpo^itioa  o£  the  red  globules  of 
the  blood,  aiul  h»  hence  rvccived  iu  oame.  Globulin  cannol  be 
ubtoined  iu  the  soluble  form  free  from  raits.  It  may  bv  tutnuAed 
frocu  the  crystalline  Iciis  by  rubbing  up  the  lens  in  a  mortar  to  break 
vp  the  celU,  eraporating  to  dryness  at  3i2^j  waahini;  with  ether 
and  dilute  nlcohol  to  remove  the  fat,  and  chcu  dissolving  tbc  cry*- 
tallin  out  with  hot  idoohol,  of  tp.  f^r.  o^ij.  A  lar^  portion  of 
erystalliu  Heparatet  on  cocking ;  after  it  has  been  dried  it  u  iuso> 
lubic  iu  water,  aud  it  is  precipitated  from  its  aloofaolic  tolntioo 
diluting  it  with  water. 

Qlubulin  is  dtstingtiisbed  from  tlio  soluble  proteiu-oorapoamli 
by  tlie  circumetaucc  that  it  is  precipitated  both  from  add  aiM 
alkaline  solutiuDs  by  exactly  ucutralisiug  tbcni.  It  rapidly  patr^ 
Ilea,  and  its  Kilution  when  boiled  emits  ammonia.  Its  renctions ' 
the  miueral  acids  and  with  krcasotc  resemble  those  of  albumeiLl 

Vilcliin  is  the  name  which  ban  been  given  to  the  albumin 
constituent  of  the  yolk  of  ttic  c^g  ;  the  yellow  colour  of  tlie  yelk 
ia,  however,  due  to  au  oil  cutitaiuing  pfaospboric  acid,  which  b  dis- 
solved readily  by  ctlicr,  irliilst  tlie  xitcllin  is  coofulated.     Vm< 
reaction,  villi  ether,  aud  the  fact  that  its  aqueoutt  eolutton  is 
precipitated  by  satt.t  of  lc»d  and  of  copper,  are  the  principal 
racters  by  which  vitelliu  is  diKtiuguishL-d  frtiiu  alhumeo.      By 
ultimate  analysis  it  is  found  to  contain  more  hydrogen  aud  osTgea" 
than  albnmen  (see  Table,  p.  751).     The  yolk  of  the  egg  cunuiM 
16  or  17  percent,  of  this  substance.     According  to  the  cspa^ 
ments  of  Valenciennes  aitd  Kreiny,  the  oompoaitwQ  of  the 
constituent  of  the  yolk  of  the  egg  raries  in  diCTi'reiit  da 
animaln.     These  chemists  have  termed  that  obtained  rrotu  the 
of  ciu-tilaginous  fislies,  such  as  the  rav,  Ict/iin,  and  that  obi 
from  the  eggs  of  the  turtle,  Emj/din. 


(1451]  Fibrin. — ^This  substauce,  like  albumen,  occurs  io 
distinct  states,  tbc  solid  and  the  litjitid,  duriiij;  the  life  of  the 
tn*  animal,  but  on  removing  it  from  tbc  living  organism  it  node 
speedy,  and  so-called  spontaneous,  coagulation — a  circiinistanoe  bf 
wliicli  libn'in  is  at  once  <liiititiguLthe<l  from  all  other  aualogous  nb* 
Htances.     It  is  contained  in  the  blood  in  the  hquid  states  itt  1 
proportion  not  generally  exceeding  3-5  parts  in  1000,  though  il»_ 
liable  to  cousidcrnble  Tariation.  m  fjuiintity  under  the  iaflueacej 
disease,  being  greatly  increased  ia  febrile  and  acuto  inllamt 
affections,  especially  in  rheumatism  and  pneumonia,  where  it 
beCD  fouud  as  biyh  as  ii'S  parts  in  1000.     In  anicmic  diseases i 
tj|>Lus,  cUormu,  &c.,\^u  ti«i\vi«.^\.\':j,Wt  vai  uoiformljr,  ailigiii 
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liniinislicd,  though  by  long  fasting  it  U  somewhat  incrensed  iu 
[quAuticv.      Ljrm[>h  doe*  not  usually  cnitUini  more  than  0-4  or  0-5 
per  1000.     Iu  the  chyle  of  aiiimala  it  has  been  found  to  vtiry 
o'7  to  7-0  per  1000. 
Fibrin,  in  the    form  of   muscular    tmiie,  conetittttcs  a  largei 
3portion  of  the   soft    parte  of  animals.     Tt  occiira  in  matclflJ 
iDgcd  in    bundle?  of  fibres,  aud   from   this  circumstance  thft-i 
le  of  fibrin  derives  its  origin.     Mij;tculur  fibrin,  however,  pre- 
several  points  of  difference  from  tiie  fibrin  obtained  from  the 
Acconlinif  to  Liebig,  fibrin  may  also  be  obtaiued  from  the 
lioe  of  |>lants,  and  it  exists  in  the  gluten  of  nhcat. 

Prt-paration. — Blood-fibrin  niiiy  \>c  obtnineil  ii»  a  state  of  toler- 

blc  purity  by  whi[ipiDg  up  frtshly  drawn  blood  with  x  bundle  of 

in  tlic  act  of  coagulation  the  tibrin  attaches  itself  in  soft, 

rhite,  opaque^  elastic  strings  to  the  twij^K,  and  may  be  aftcnviird*  J 

shed  clean  by  mnceratiun  and  kncadiuj^  in  uruter  till  it  is  free  from  < 

lour.     When  dry,  fibrin  forms  a  homy,  yellowish,  or  grey  solid. 

T}ie  reaclioiiK  of   fibrin  in  the  solid   form  are  iiimilnr  to  i\in*e 

of  coagulated  albinucri,  except  that  fibrin  decomposes  deutoside 

of   hydrogen  with  effervescence,  whilst  Hibumen  proiluccs  no  such 

effect;  but  fibrin  by  lon^  boiling  in  water  is  also  rendered  ci^ually 

inert.     When    fibrin  is  heated  to  300°  with  a  small  quantity  of 

Vster,  in  a  scaled  tube,  it  is  rcdissolved,  and  forms  a  solution  wliicli 

Ijccomes  congiilatcd  by  acids,  and  resembles  that  formed  by  albumen 

bodor  Rimilar  cirenmxtancus.    The  coagulation  of  fibrin  is  prevented 

by  allowing  the  blood,  at  the  moment  of  its  efflnn  ftotu  the  IkmIv,  to 

■lix  with  solntious  of  certain  salts,  such  as  carbonate  or  nitrate  of 

fota^\t,  acetate   or  nulpbittc  uf  xuiln,  and  chloride  of  sodium.      The 

flbinn  of  Tcnous  blood,  before  exposure  to  the  oxygen  of  the  aJr,  is 

Ireely  soluble  in  a  solutiou  containing  about  one-sistlt  of  its  weight  J 

of  uitrc,  n<i  well   as  in  similar  solutions  of  the  alkaline  stilphaten,  ' 

acetates,    phosphates,    and    chlorides.       This    sohitiuu    becomes 

(nof^lated    like   albumcu  when    heated,  but    ia  precipitated    by 

■ootic    acid;     when    exposcti    to    the    air,  the    solution     abj^orbk 

oxygen  and  depoaitt  insoluble  tlocculi.       Fibrin  is  freely  soluble 

la  dilute  solutions  of  pota^b  or  of  soda,  and  tlie  alkaline  liquid  pre* 

^unts  many  of  the  characters  of  Dlbuminatc  of  soda,  but  on  neu- 

^■ftlizing  the  solution  with   aretir  or  phosphoric  acid,  the  fibrin 

^p  rc*prccipitated  :  if  the  alkaline  solution  be  mixed  with  metallic 

^kilt»,  it  yields  precipitates  similar  to  those  formed  with  vlbumen. 

■be   solutions,  both  of  fibrin    and  of  albumen,  in  acetic  add, 

^be    precipitated    on  the  addition  of  ferrocyanidc  of  potassium, 

^p  character  by  which  they  arc  at  once  distiugu\sU<:d  (to^a.  ^^•:^B^^v^\, 
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vhicli  gircs  no  preci[iitatc  under  Bimtlar  circumsUoccs.  IfUic 
Bcetic  solution  of  fibria  be  neutraliited  hy  potas-b,  it  is  preciiiiUted 
bv  the  samt  reagents  m  albumtii,  but  it  does  uut  becotue  OMgit* 
1aU.<d  nliirn  licatcil.  Tlicre  ia  a  marlted  didcrcncc  bctn-een  (ba 
nd-ion  of  osjrgeti  upon  albumen  and  fibrin.  Schrrer  found  thit 
whcu  freshly  drawn  scrum,  ur  vrliitc  of  ugg,  iraa  exposed  lo  tlK 
action  of  uxvgvn  ^ax,  confined  over  mercuiy,  scarcely  any  absori^ 
tion  of  the  giu  occurs,  nod  little  or  no  carbonic  acid  i»  ctoIm^  ; 
coogulnlcd  fibril),  on  tbc  otlicr  hand,  when  exposed  in  a  nioiil 
«Utc  to  Uiv  iiir,  gmduiilly  nbaorlis  oxygen,  and  trait*  cotlnnCj 
acid,  and  in  a  fen-  days  bccocncs  putrid.  By  long  boUtng  in  v«|fl 
it  h  grHilnally  di^wlvcd,  and  becomes  oxidizal.  Albumen  is  Mm 
tally  iiltcrt^l,  Auidysi.i  appeared  tu  pruve  tbat  fibrin  U  a  bofl 
vhich  is  more  bigldy  oxi<liKcd  than  albumen  (sec  Tabic,  p.  Jjfl 
and  conciliated  fibrin,  an.  it  exists  in  muscle,  is  alito  more  fifl 
oxiiliKd  tbau  that  which  »cpu-utc«  from  the  blood  ou  Htauiid 
Lchmann'a  view,  that  blood-fibria  is  a  stage  of  traosition  betvHH 
albaminous  matter  and  the  Animal  ti»»Qeit,  is  thtu  reudcnf 
highly  prubnhlc.  It  appears  also,  from  the  aualyses  of  DuM 
and  others,  to  contain  about  i  per  cent,  more  of  nitrogen  dm 
dlbumcti. 

[1452)  Verielita  of  Fibrin. — The  observations  of  Licbig  m 
tlie  different  fornix  of  fibrin  are  intcrculiiig.  lie  fimU  that 
moist  blood-fibrin,  if  left  under  irater  in  a  warm  place  in  1 
vessel  loosely  covcre<l,  putrefies,  and  gradually  becomes  dissolvcdi 
in  one  of  his  cxporimvntSj  after  the  tibriii  hnil  bcrn  maccrstffl 
for  a  fortnight,  a  liquid  tstiA  obtained  which  coagulated  nlfl 
heated,  ami  presented  many  of  the  characters  of  a  solatiunfl 
iilbumcn.  The  solution  likewise  coutatncd  leucinc^and  acetic  d 
valeric  acid,  licside-t  some  other  ncid  subatanoea,  which  have  lM«afl 
incoQipletely  examined.  Ilydrosulpliate  of  amuionia  was  H 
formed.  If  the  water  in  which  ttietibrin  is  digested  be  pretioufl 
mixed  with  one-tenth  of  it»  bnik  of  hydrochloric  acid,  bluod-filH 
BHelU  up  slowly  into  a  gelatimiua  mas»,  wbleh,  on  the  additioiA 
a  stronger  acid,  tihrinks  to  nearly  its  original  rolumo,  anil  sgtii 

Mvells  up  vvhrn  put  into  water,  but  it  docii  not  form  a  true  auliilioo. 

H  Tbejibria  0/ muscle,  on  the  contrar}',  after  it  has  becu  vc9 
muhed  and  pressed,  to  free  it  from  soluble  matters,  is  dissotni 
more  or  Ic-ss  complctidy  by  dilute  hydroehlunc  ncid.  If  tlieaM 
contained  in  this  Hplution  be  neutralized  by  an  alkali,  a  coagnlfl 
occurs  ubich  is  readily  dissolved  by  an  excess  of  alkali,  or  clfl 
by  lime-water;  this  latter  solution  Ix-comcs  coagulated,  fl 
boiling,  like  'wVilc  o(  i^.     Qu.  vW  %dilaiua  of  ammonia  t^l 
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solution  of  fibrin  in  hydrocliloric  acid,  the  muscle  fibrin  is  preci- 
fiitutcil,  and  niny  be  jjurifiud  by  succisssivfi  wosliiiigs  iu  water, 
alcohol,  aiul  etbt-r.  Tlie  inii»:Io  of  different  animals  taric3  in 
Boliibility  in  dilute  acid  ;  that  of  the  fowl,  and  of  beef,  vba  found 
to  be  almost  wholly  soluble,  that  of  mutton  was  less  so,  whilst  in 
the  muDCular  fibiin  of  veal  the  in^iihle  ])ortioit  amouutcd  to 
nearly  one-half;  this  residue  contained  the  fat  and  the  va*<Mdar 
portions,  besides  a  quantity  of  fibrin  which  resembled  blood-librin 
iu  characters.  The  fulublc  purliou  wits  fuuud  to  coutaiu  less 
uitroffen  llian  the  blood-lihriii.  When  fibrin  is  treated  with  acetic 
acid,  nud  viewed  by  the  microscope,  it  is  found  to  consist  of  two 
portions,  one  of  which  ia  gmiiukr,  and  aolubte  in  acetic  acid, 
while  the  other  is  fibrous  and  insoluble.  The  proportion  of  these 
two  componcnU  differs  widely  in  diflerciit  specimens.  The  ulti- 
mate coDiposiliou  of  thcsu  two  conKtitucnte  appcara  to  be  very 
nearly  the  HI  me. 

The  |iortton  of  the  gluten  of  wheat  flour  which  is  insoluble  in 
bat  alcohol,  and  in  ether,  is  regarded  by  Licbig  and  by  Dumaa  a5 
iiUtcd  Gbriii.      It   i»  soluble  in  very  dilute  hydrochloric  acidj 
e  the  fibrin  of  miuclc. 


I 


('453)  Casein  is  found  abundantly  in  milk,  of  wbicli  it  con- 
stttutcs  nearly  3  ^KT  cent.  Itf»  Roluliona  do  not  heeonnc  coagulated 
by  boiling;  ihey,  liOMcver,  present  a  reaction  nearly  as  charac- 
teristic: the  hot  liquid  gratiiially  absorbs  oxygen,  and  iu  conse- 
quence, a  pellictu,  which  is  iii»olitbIi;  in  water,  is  gradually  funned 
i^Kin  the  surface. 

Preparalion. — Cneeiti,  in  llie  soluble  form,  as  present  in  milk, 
B|>]iear«  to  owe  its  eolubility  to  the  prt-scucc  of  a  certain  propor- 
tioQ  of  free  alkali.  It  cannot  lie  obtained  free  from  salts.  If 
(ktmmed  milk  be  evaporated  to  dryness  at  a  gentle  heat,  and  then 
digested  with  ether  to  remove  the  fat,  on  treating  tbc  residue 
with  water,  the  lactose  and  a  portion  of  the  casein  are  redissolvcd, 
and,  on  the  nddition  of  aleohul,  a  cousideriible  purtiou  of  tbc 
lactone  ia  separated.  Tlio  alcoholic  liquid  contains  ciucin,  »till 
Contaminated  with  lactose  and  with  salts. 

Casein  may  be  olilained  in  the  coaijalated  form  nearly  pure 
by  the  following  process : — Skimmed  milk  is  to  be  curdled  with 
dilute  sulphuric  acid.  The  curd,  after  being  well  wusIilh)  with  water, 
is  to  Ik:  dissolved  in  carbonate  iif  soda,  and  suffered  to  stand  nndis* 
turbcd  for  twenty-four  houri^  or  more,  to  allow  the  oil  to  riw 
to  the  surfaoG ;  this  is  to  he  skimmed  off,  and  the  casein  again  pre* 
dpitated  by  an  acid,  and  irell  washed;  after  ce^taXSng ^V\&  ■^\>*=^'' 
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lion  ft  second  time,  the  ooagulum  U  to  lie  digcsteil  in  «l 

in  ether,  wicl  again  dried ;  but  it  cannot  be  pCTfectly  frMil  from  llic 

saline  matu-rs,  wliich  adhere  to  it  with  great  tenacity. 

Cnsein  m%j  also  be  u1)taiiie<1  by  coagulating  »kiRinicil  milk  by 
means  of  hydrorhlorie  acid,  and  vrashing  the  curd  first  with  wattf, 
then  with  water  acidulated  with  a  or  3  per  cent,  of  hydrocfaiocie 
acid,  aud  finally  with  pare  water;  agluiioouaraassiii  thus obtaineJ, 
which  is  slowly  diMolved  by  digestion  at  110°  in  a  large  qtuiiti^T 
of  water.  The  solution,  after  being  filtered,  is  prKipitatttl  by 
the  caiitioiiA  ndditiua  of  carbonate  of  ammoma,  the  oonguluu  ii 
wasltpd  with  water,  and  then  digested  snoccsaively  with  alookl 
and  ether. 

Properiie*. — Casein  in  solution  is  immediately  eoagiilated  by 
acids.  An  exceas  of  acetic  or  of  oxalic  acid  diiL^olves  the  coagft- 
lum,  but  it  is  rc-prccipitatcd  from  it^  acetic  solution  on  th«  addi- 
tion of  one  of  the  miiK-ral  addB.  According  to  Boucharda^ 
water,  containing  i-2cootb  of  its  weight  of  hydrochloric  aeiil, 
forms  with  casein  a  colourless  solution,  wliicli  produces  left- 
handed  rotation  of  a  ray  of  polariicd  light.  If  these  acid  sola- 
tions  be  o-nporatcd  at  n  high  tenip<Tatiire,  a  pellicle  of  iiwohible 
eaaein  i*  fi>riiiei)  over  llietr  surfiice.  Miihler  consider*  that 
the  mineral  acids  arc  employed  to  coagulate  caaeiu,  I  hey  form  1 

npounds  with  it ;  the  acid  may,  however,  be  entirely 
liy  wiulnng.  With  utrong  nitric,  widphuric,  and  hydrochlori 
acids,  cnsvin  produces  the  same  reactions  as  albumen ;  and  iti 
acetic  solution  gives  a  aimitar  precipiute  with  fcrrofiyauide  of  potw- 
sium.  Soluble  cji«ciu  is  sparingly  soluble  in  cold  alcohol,  but  more 
freely  so  in  hot  alcohol.  The  stronger  acids  produce  no  prccipitaU 
in  this  alcoholic  solution,  which,  however,  ia  immediately  ooaga- 
luted  by  infusion  ofgalU.  The  solubility  of  ciucin  in  water  ii 
not  destroyed  by  the  action  of  oloohol,  for  the  residue  obtained  00 
evaporating  both  the  aqueous  and  the  alcoholic  solutions  to  Atj- 
may  be  rcdiBsolvrd  in  water. 

Aelion  of  BoJft  and  of  Sails. — Coagulated  casein  is  readily 
duMolved  by  solutionsof  thealkalies.andofthcnlliRlinccarbooatn; 
and  if  the  solutiou  be  very  feebly  alkaline,  ttic  alkaline  reactkA 
may  be  completely  neiitralixcd  by  the  raaein.  Solutions  of  cois* 
mon  f^nXl,  of  uiltBte  of  imtash,  and  of  muriate  of  ammonia,  ^kewix 
dissolve  casein  with  facility,  and  tliese  solutions,  when  evaporaln) 
by  the  aid  uf  heat,  become  covered  with  an  insolable  pclbck. 
Casein  also  unites  with  the  alkaline  earths  and  forms  oomponniU 
nhicli  arc  ioMiUible  in  water.  If  b  piece  of  poor  cheese,  whicb 
consists  prlud^\^  ot  c»aAviv,\«L  -nAMEifcA.  W  a  f^tc  vith 
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mixed  iritb  daked  lime,  it  proilucea  a  tenaciouM  lute,  vhich 
sets  vciy  bard,  ttnd  may  be  used  for  cemciitiuf;  pieces  of  broken 
caiibcDwarc  In  consequence  of  the  tendency  to  the  formation  of 
tbeae  inwlnble  compounds,  s  solution  of  casein  h  prccipitatetl  by 
salts  of  lime  or  by  sulphate  of  inu^uvaiii,  u|H)n  thi!  applicutiuu  of  beat 
to  the  mixlurc  :  this  reaction  ia  very  ekaracterititicof  cttsein.  Most 
j£  the  metallic  kUt^  euch,  for  irutsncc,  ns  acetate  and  tubacetatc 
^f  lead,  aiilplialc  of  copper,  Kubuitrate  of  mi^rcury,  and  corrosive 
rahlimnte,  occanioQ  precipitates  in  the  cold  with  ftoliitions  of  casein. 

tBiit  the  most  impoi-tacit  and  remarkable  form  uudcr  which  the 
[ulatioQ  of  caacin   occurs,  iH  thut   which  i»  produced   by  the 
etioii  from    the   mucous   membrane  of  the  etoimich.      Adva»- 
:  is  taken  of  this  in  the  manufacture  of  ehc«*e,  which  eonsista 
essentially  of  the  coagutnted  casein  of  milk.      The  congidation  i« 
effected  by  meunis  of  the  substance  called  rennet,  which  consists  of 
the  inner  membrane  of  the  fuurtb  stomach  of  the  calf,  after  it  has 
beeu  Hitted  and  dried.     M'lien  milk  in  maintained  for  a  few  hours 
Bl  a  gentle  biiat  in  contact  witb  rennet  (or  with  an  infusion  of 
[Panet  prepared  at  a  low  temperature],  the  cascto   becomes  entirely 
IV^pllatcd,  currytiiv  nitli  it  the  fntty  matters  which  were  held  in 
suspension  by  the  milk,  and  leaving  a  clear  atraw<colourcd  liquid 
Joionn  a»  w/iey.      It  wiix  at  one    time  KuppOKed   tlmt   the  rennet 
Ibted    by  converting  the  augar   of  milk    into    lactic   acid,  and 
tliat    the    lactic    acid    vas    the   real    agent     in     effecting    the 
^pAgulation,  but  this  vievr  in   no    lon^r  tenable,  for  it  apprnra 
Htat  the  coagulation  occurs  e>qually  well  with  milk   which  has 
^Bcn  puqwsely   rendered  slightly  »Ikahne  (8elmi,  Heiutz),  and 
^Hh  an  aqueous  solution  of  caiciu  ;    the   action  of  rennet    i» 
therefore    ao    yet    unexplained.       The   coagulum,   or    crtrd  thus 
obtaiued,  when    ttubmitted    to    strong    pressure,    forms    clie<»e. 
Tbia  curd  i«  diaeoU'cd  with  difficulty  by  alkaline  soltiUous.     New 
clKCse  has  but  iittic  fluvour;  when  kept  fur  some  time  the  fatly 
and  nitrogenous  Kuhstauocis  undergo  partial   decomposition,  and 
furnish  ammonia,  with  valeric  and   butyric  acida,  and  otlior  com- 
pounds which  impart  pungency  to  old  cheese. 

Casein  lias  not  been  detected  with  certainty  anywhere  but  in 
the  milk  of  animals,  vihich  contains  it  in  very  variable  quantity, 
tbe  amount  depending  greatly  upon  the  {vcriod  of  lactation  at 
vliiich  the  milk  is  examined.  Its  amount  also  varies  greatly  in 
the  milk  of  different  species  of  animnls.  In  the  human  female  it 
luu  been  found  to  constitute  from  31  to  3 j  puiis  in  loco;  in  that 
of  the  cow,  from  30  to  41  ;  in  that  of  the  do^,  from  80  to  146, 
ud  in  ttiat  of  tlie  assj  from  19  to  23  parts  ia  loco. 
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(1454)  Leffumia.—Tihc  seed*  of  most  Icgumioons  plants,  as  wtU 
as  tlic  sweet  and  the  bitter  alniond,  contain  a*iilwtauee  whicli  pr©- 
scDts  a  close  analogy  in  propcrtica  with  the  casein  of  mUk.  Liebig 
indeed  contidcDi  it  to  be  iilcuticul  with  tbtB  substance,  but  tlie 
aiiulyscn  of  Duoiits  nud  Cahours  iudieatc  it  difference  in  eoQipori- 
tion  between  the  two  bodios.  There  ia  however  some  (ionht 
whether  tlie  chemists  la»t  nanivd  operated  upoa  a  homctgem 
Bubstaucc 

L^^imin  is  usuallj  extracted  from  pcas  or  from  almonds, 
digesting  tlic  ptilp  of  the  erualit'd  Btteds  in  warm  water  for  (voor 
three  buurs.  The  undi:tsoIved  portiuu  is  strained  09"  by  moans  of 
liuct),  and  the  turbid  liquid  is  allowed  to  deposit  the  starch  ttliidi 
it  holds  in  suspension :  it  is  then  tittered  and  mixed  with  dilute 
acetic  acid.  A.  wliite  flocculcut  precipitate  is  tlios  formed,  vbidi 
must  be  collected  ou  a  filter  and  waalicd.  It  is  then  dried,  pow- 
dered, and  digested,  first  in  alcohol  and  arterwards  in  ether.  In  thi 
form  it  was  atia1,V!>cd  b;  Duinus  and  Caboura.  Bochledcr  however 
eoueidera  thiit  it  itt  not  perfectly  pure,  since  this  Bubstauce  b 
not  entirely  soluble  in  a  cold  concentrated  solution  of  )»tiish,  m\t\ek 
leaves  a  Hocctilcnt  nutter.  The  alkaline  solution  may  bcdetsoltd 
from  the  undissolved  flocculi,  and  again  prvcipitaled  by  the  addittot 
of  acetic  acid.  Tlieleguuiiii  tbuf>  obtaiueO  is  regarded  by  Ilocldnltt 
ax  puiv,  and  yieldi'd  ou  annlyiis  the  same  results  as  were  fumitlied 
by  casein. 

Acconliiig  to  Dumas  and  Caho»rs,Iegumiii  \»  prccipttalcd  from 
its  concentrated  i^olutioiis  in  pearly  flocculi  by  the  adilition  of 
acetic  acid.     It    is  rrdi»olved   by  acetic  acid   in  excess,  and  If 
oiaiiy  other  vegetable  ucitU;  it  is  uImj  tmluhlo  in  ammonia  and  io 
dilute  Holutions  of  the  alkalies.     It  is  ioaolublc  in  boiling  iraur, 
and  it]  cold  alcohol  and  ether.     Cold  water  difiaolres  it  in  ran* 
siderablt:    (piaiititv,  ami    the    )ii]iiid,   when    heated    to  vbulUlias, 
deposits  it    in  Booculi  resembling  those  of  coag^ulated  albuDCO. 
The  aqueous  mintion  of  Icgiimiii  ohtainal  by  digesting  posfl 
natcr  is  not  coiigvlatod  by  heutj  according  to  Llebig,  but  on  c^| 
potation  it  forma  insoluble  [>cnic]cft  resembling  tbo&e  yielded  b;r  ^^fl 
tiona  of  casein.    Legumin  is  associated  in  tlie  seed  with  conaldexrifl 
quaiiti^CM  of  the  phosphates  of  potash,  of  lime,  and  of  magnc^l 
It  is  coaj^lated  by  rennet  like  the  casein  of  milk,  and  the  Chiaofl 
make  a  kind  of  clieew  from  peaa  and  beans.     Dried  peas  oontaiB' 
about  one-fourth  of  their  weight  of  legomin.  ^^J 

^    II.      GlCLiTiaCNOUS  SupstaNcss.  ^^H 

( '  455)  '^'^  su\n\ans>»  cu\\VaA^K.^\\ivW  second  f;roup  of MWtiifl 
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bodies  bare  Uitherto  bcea  found  only  in  nnimali.     They  contniii  n 
Bin&Uur  amount  of  ciirlioQ  and  a  larger  qmiiitity  of  oitrugeii  tliau 
tliosc  of  the  albucuiaoiil  group,     Tbe  pro|)ortioa  of  ftuljiliur  ia  also 
conaidembly  lest.    Ttic  gcktigcnoiu  booties  consist  of  two  priDci|)a 
TBrietics  ;  via.,  those  which  yield  gelatin,  mid  those  which  yitdi! 
chondrln  ;   neither  gelatin  nor  chondriti   appears  to  cxiKt    in  the 
soluble  form  iu  the  naimal  body,  liut  it  \*  in  all  coses  the  result  ol 
the  prolonged  aj:tiun  uf  hailing  water  upon  the  grlntigcnous  or 
chonftrin-prociiiciii};  tisnuos. 

r      According  to  the  researches  of  Mulder,  of  Schercr,  of  Frciwy, 
ptd  of  other  chemists,  the  coropOHition  of  gelatin  in  identical  with 
tbat  of  the  tis«ue  which  yields  it  by  Ixjilinj.     Chcvrcul  found  thnt 
a  given  quantity  of  tendinous  matter  vihe^n  converted  into  gelatin 
by  boiling  it  with  water  wn.*  not  nltcred  in  weight.     The  following 
tabic  iwliibits  the  compositiou  of  gchititi,  chondriu,  and  some 
geIa.tigcnous  tissues : — 

1 

B  Coraponenta. 

Frcmy. 

Onoiu. 

ScUarer. 

Jklertilipi 
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loo'oa          100  Oo 
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B     The  cjuanlity  of  iiitrogon  given  iu  Fremy's  aiislyBi*  of  ositein 
%  probably  too  low,  for  the  same  chemi&t  foimd  iti  it  upon  another 
occiwioii  03  imich  u»    ly^G  percent,  of  nitrogen.      Schlicpc-r  boa 
ahowu  ibut  gelatin  and  the  gelcitigenoiiH  tissues  contain  a  small 
ifuantity  of  sulphur,  amounting  iu  isinglass  to  o'6  |ier  cent.  It  will 
be  ob«ervul  thut  tbe  composition  of  chondriu  ditTc-rs  from  tbnt  ol 
gelatin  in  containing  more  oxygen  and  less  nitrogen ;  whilst  tlie 
percentage  of  carbon  and  of  hydrogen  is  the  same  in  both  sub- 
stances. 

1    (i4j(^)  GKL.1T1.N  ia  an    nzotiscd  principle  which  hitherto  has 
^pen  obtained  from  animal  .tiibfllances  only.      Certain  structures 
1[tfae  principal  of  wliich  arc  tbe  white  fibroii«  tissue,  the  cellular 
tintic,  the  Kkiii,  the  serous  mcmhranc«,  and  the  organic  con$ti> 
ftocut  of  lionc),  when  boiled  with  walcr,  yield  a  compouud,  which 
Bthe  solution  contain  more  than  i  pcrccut.of  it,caiucs  the  lifiuitl 
Kgdatiutze  oa  cooling,  hence  its  nuoic  of  cfelatia;  xVm  v:^\3»k 

^1 

does  not  appear  to  exist  in  a  ftcc  stnte,  but  t*  developed  \n  the 
actiuu  of  hoiliug  irster  uix>ii  the  ti»uea  above  ueutioucd  :  ito  lob- 
tioii,  nlicn  evaporated  to  Aryueai,  leaves  a  browDish-yeHov  Ub&>- 
parent  mass.  laiHglase  ntluch  U  prepared  from  tbc  isnet 
mi'inliraue  of  the  floaiting  btiuldcr  of  stHr|{cotia  antl  other  &»he«, 
irhcn  boiled  nith  water,  runiUbcs  ^elatiu  iu  a»tatu  of  conaideiahb 
purity.  Gbie  is  u  variety  of  gelatin  of  inferior  quality.  Sjtf^n 
prc|>ared  from  parchincnt,  is  Kuutber  form  of  gelatin  which  i>  met 
with  in  eortmiprcp. 

Oflatlu  sufleits  aud  swells  up  in  cold  water,  but  is  not  dis 
•otved  until  tlic  liquid  ia  wnrtncd ;  it  is  iuaolublc  in  alcohol  aoJ 
ill  ctticr,  It  may  be  pr(vi[»ilated  fmm  It*  aqueous  solution  bjrthr 
addition  of  nil  excess  of  alcuhol,  nbeii  it  falls  in  white  BqccbB, 
which  are  nearly  iircc  from  saline  compounds.  It«  solutioa  ii 
without  Latkte  or  »inell  :  it  in  nhuudantly  preci iiitatrd  tjy  oululiaoi 
of  eorrosive  Hubtimatc,  and  of  bichloride  of  pluLiiium,  as  veil  at 
by  Uie  infiuion  of  gatU.  The  compouad  whieb  gelatiu  form* 
with  tannic  acid  ii>  the  lia^iii  of  k-nlhcr ;  it  ia  of  a  buff  ooloot, 
and  ifi  formed  even  in  vcr>'  dilute  Kahitiaiiii.  Albutneti  is  also 
precipitated  by  the  same  folution?,  but  gelatin  may  be  AistiB- 
guishcd  from  Hlbumrn,  since  it  is  not  rendered  turbid  as  alhaoua 
ia  by  tlic  addition  of  ferrocyanide  of  potaitsiuni  to  its  solution  tB 
acetic  acid.  Salts  of  alumina,  of  lead,  of  copper,  and  of  iron,  i» 
not  produce  any  precijiiiatcs  in  a  toluttori  of  gelatin;  hut  if  i 
Boltitioi)  of  potaaU  be  added  to  the  miicture  of  gelatin  with  alim). 
or  with  penulphato  of  iroii,  the  subsulphatc  of  alumina  or  of  inn 
which  is  formed,  carries  down  a  targe  |iro|x>rtion  of  gelntin.  In  > 
dissolved  condition  gelatin  soon  becomes  acid  on  expoeurc  to 
and  tlien  loaea  it«  gelatinous  character.  Gelatin  is  capable  of 
solving  a  coitsiderahle  quantity  of  phoHphnie  of  lime.  By 
frcqucut  boiling  of  its  aqueous  sdutiou.  gelatin  i«  converted  into 
an  isomeric  oomitound  which  doea  not  pcissess  the  faculty  at 
gelatin iiting  a^  t}ie  liquid  cools.  Chlorine  precipitates  gdatia 
completely,  forming  with  it  a  peculiar  white  clastic  com 
which  appears  to  eonsist  of  gelatin  in  combiDatioa  with 
chlorous  acid;  this  compound  wheu  treated  with  ammonia, 
nitrogen,  muriate  of  ammania,  and  unchauged  gelatin.  Sol 
of  gelatin  are  not  rendered  turbid  by  tlie  addition  of  acids.  Coo* 
cenirated  sulphuric  add  dissolves  gelatin  without  change  of  cotoni, 
and  gradually  coiiTcrts  it  into  glycocine,  leucine,  and  some  other 
bodies.  Gerhardt  found  that  whcu  isinglaaa  was  boiled  for  soiae 
days  uith  dilute  sulphuric  acid,  solphalc  of  ammonia  was  formed, 
and  a  com'it!LeT&\Ac  t^wuiXAV^  c&  %  'b%K.«^;^&'c^vltt   body  vhidi 
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of  tbe  olcobolic  fermeutation.     Nitric  acid  prodocea 
from  it  niDougei  otlior  enlKtancca. 

tioa  of  gelatin  to  whtcli  tlio  alknlie*  have  boon  ail'Icd  la 
tity  loseii  iu  faculty  of  gt-InLiuizin^,  but  Ibe  liquid  on 
tnlizcd  gives  no  protein.  Gelatin  is  decomposed  by 
ttliue  M>1utiona;  at  a  bulling  temperature  ammouia  la 
d  leucine  aivd  glycocioo  arc  amongst  the  {mxlucta. 
lUX  diOcrs  frtiin  gelatin  in  oomjioBitina  :  it  is  also  co- 
y  tli«  v^{etul)le  aciiU,  such  oh  a(.-cti<;  acid,  ti%  well  as  by 
by  the  neutral  aud  the  ba&ic  acetates  of  lead,  none  of 

precipitates  vricb  gelatin.     I^Iost  of  tbeac  precipitates 

iu  an  e^ccvsa  of  the  prcwipitMit. 

in  is  obtained  by  boiling  the  cornea  of  the  eye,  or  any 

lancnt  cartita^cs,  with  water  for  sonic  hours;  it  toay 

ineil  fruit)  the  primnry  ciirtilagos  prior  to  os»ificatwn. 

geUtioizcs  ou  cooling.     It  ta  remarkahlc  tliat  wben  t, 
cartilage  becomes  08sified,  it  yields  iioC  cboiidriu  but 
boiJing  vith  water. 


Pre/taratlon  of  Gbie  and  Size. 

I  Tlic  prrparatioa  of  gelatin  ou  a  large  scale  gives  rise  to 
iiuiualry  uf  eoosidcruhle  iDijiortiiuci;,  vix.,  the  mnnufnc- 
land  size. 

rongeat  glue  is  obtained  ftx>ni  the  paring  of  ox-htdes. 
le  ears  and  refuse  trimmings  of  thick  bides  in  general, 
from  45  to  50  per  cent,  of  glue.  The%  cUppings  are 
L  for  6otDC  days  in  lime  water,  to  remove  the  liuir,  tlie 
pcbcr  impuritlca;  they  arc  then  washed  in  oold  water, 
csetl  to  drain  upon  a  sloping  pavcoieiit,  in  layers  of  two 
ibes  thick,  and  are  turned  over  once  or  twice  a  day ; 
le  thus  absorbs  cnrbonic  acid  from  the  air,  aii<l  becomes 
Bto  chalk  ;  ao  that  the  injuiioos  cfrectn  of  linic  at  a 
t  upon  ibc  gchtin  are  prevented.  The  vaahnl  clippings 
roduc(!d  into  a  copper  which  U  filled  to  two-thirds  of  its 
h  rain  water,  and  furnished  with  a  perforated  falao  bot- 
ntly  tfad  Bnimul  matters  are  put  first  of  all  into  a  coarse 
aud  ibc  whole  is  placed  in  thu  cauldron,  a  precaution 
lata  the  i>ortioQs  of  skin,  when  tbcy  begin  to  gelatinize, 
Dg  to  the  boltum  and  sides  of  the  boikr,  aud  ao  bc' 
kk)  ;  rrc!>l)  portions  of  clippings  arc  added  as  tbo  animal 
ly  sink  down  iulo  the  lii]uid  which  is  k«pt  gently 
1  better  method  consists  ia  boiling  tbe  \\^\a\^  V'^ 
ttcaia  uader  loodente  pressure,  by  vrluch  ixv<»,w« 
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the  direct  spplicatiDn  of  fire  to  the  boiler  is  avoided.  As  ioob 
as  a  portion  of  tlie  liijuid  sets  into  a  firm  jelly  on  cooling, 
tlie  fire  is  clieckcd,  imd  tine  xululion  is  ullowvd  to  run  into  b.  dccji 
vc0«el  or  »ettliug  Imck,  wlicre  it  is  kc|it  warm  for  aome  boon  to 
nllow  the  impurities  to  iubsidc.  The  iiiidiisolvol  matters  con- 
tained in  the  cloth  arc  again  boiled  with  water,  and  yidd  u 
infvrior  dt-wiription  of  glue  ;  if  boiled  a  tbird  lime  tlicy  give  a  ««ifi 
weaker  gelatinous  product  or  tizc  t  the  refuse,  after  this  tnatment, 
may  still  be  adii'aiitagcouRly  applial  an  manure. 

From  the  scttbng  \k\c\.,  the  solution  is  transferred  to  loDg 
TTOodeu  boxes  or  coolers,  in  which  it  gclatioiiien  j  when  snfficimtlr 
solid  it  is  removed,  cut  into  bl'Ock%  and  ench  block  is  split  br  i 
trirc  frame  into  dices.  The  t>l!cus  of  moist  glue  are  then  laid 
upon  nets  placed  in  a  wooden  frame,  and  arc  8o  arranged  in  loft* 
as  to  allow  free  circulation  of  nir.  Tbeiie  cnkcs  of  glut  are  tnroed 
over  tno  or  three  times  dailv,  and  the  marks  ithich  arc  »fxn  npoi 
tbe  glue  exposed  for  aale,  are  (hose  lell  hj  tbe  threads  of  tbe  neti. 
This  operation  of  drying  is  the  most  delicate  part  of  tbe  tnuiaiae- 
ture,  Kincti  at  this  stage  much  of  the  sMccrss  of  tbe  opcratiaa 
depentls  upou  the  state  of  the  weather.  A  sudden  rise  of  tempC' 
raturo  might  liquefy  the  whole:  the  oecurreuee  of  a  fog  tnig^t 
render  it  mouldy,  or  a  frost  might  split  all  the  calces  into  fia^ 
mcnts.  Spring  and  autumn  arc  found  to  be  (he  most  favounUr 
aesAona  for  the  manufacture  of  glnc.  After  the  drying  has  [iit- 
oeeded  to  a  certain  extent  in  the  opcu  air^  the  procew  mir 
advantageously  be  sbortcucd  by  tbe  uee  of  artificial  beat  fhxD  s 
atove. 

When  glue  is  projierly  made,  it  should  be  of  a  pale  brotn 
colour,  bard,  brittle,  and  should  break  iritli  a  smooth,  gl&>*y 
fracture.  Cold  water  does  not  di«so]vc  gtnc,  but  merely  Mllm 
it,  and  caustw  it  lo  swell  up. 

Bise  is  a  Ie»s  tenacious  kind  of  glue,  and  is  cbicfly  made  fran 
panngs  of  pnrchnicut,  and  of  the  thinner  kinds  of  skins.  Il 
is  almost  entirely  used  in  tbe  gelatinous  condition,  so  thnt  (be 
precarious  proceas  of  drying  is  dispensed  with.  Much  of  the 
gelatin  at  present  »oId  in  fine  sbrcds  for  use  in  confeclMinnry  u 
obtained  from  clippingii  of  bides,  which  are  Iwiled  witb  water  till 
they  form  a  very  liquid  siise,  vbicb  is  allowed  to  become  cksr  bf 
.standing,  and  is  then  dried  in  very  thin  sheets,  and  aAcrward^  nt 
up  into  shreds. 

Preparation  of  Ltalher. 

(1458)  Tbe  V\4es  oS  ■u'mniTiatVi.'*-^  ^«  "on  paits  in  gciicnl, 
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prone  lo  pHtrcfactlon  And  dcciMii|Hk*ition,  if  kept  lit  a  flexible  aitA 
moist  condition,  aud  wliea  alloweil  to  dry,  they  become  too  rigid 
and  brittle  to  bIIod'  of  their  omplojrnidit  for  a  auinber  of  purpcacs, 
to  vhtcli  thvy  would  otherwise  be  odntiniblj-  mlaptcd. 

Tbe  operations  of  the  tauncr  have  ia  view  the  pre«en-*tioD  of 
the  bide  from  decay,  and  the  preparation  of  a  material  puiusessed 
of  the  rctjuiiiittt  supplciieM,  tenacity,  aad  power  of  reMAtin^  the 
actiott  of  moisture. 

The  hide*  of  different  auimals  Tary  vcr}-  much  in  thicVne«. 
Tbe  hippopotamus  is  rurni^licil  with  a  hide  which  ia  ru  m>iuu  parts 
between  one  and  two  inclicii  thick,  whiUt  the  lenthcr  produced 
firom  the  skins  of  the  laiub  aud  of  the  kid  doLti  uot  et^ual  ordinary 
pMtcboanl  io  thickoeM. 

The  thicker  kindft  of  leather  receive  the  general  name  othide-t  ; 
and  tbe  strongest  part*  of  these  bides,  wliicb  (jover  the  hack  of  the 
auioial,  uuiuttitutc  the  butia.  0\-bidc»,  ilie  moat  valuable  of  which 
arc  thuec  imported  froni  tbe  plaiiwof  South  America,  and  from  tl>e 
Cape  of  Good  Hope,  yield  the  principal  {tortiou  of  this  Icntbcr, 
which  b  largely  consumed  for  the  Bole»  of  Iwols  and  sboi-s,  for 
banieas,  and  for  article*  requiring  much  «trciigth  and  dnrabili^. 
The  upper-leather*  of  boots  and  shoM  arc  cbicfiy  ma<ic  of  cali'Cs* 
id  acals'  skins;  whibit  for  book-binding,  for  aprons,  and  for  or- 
ry  dyed  leaibers,  the  leather  furuiehcd  by  eheep  skins  coa- 
utc9  the  material  principally  UmkI. 

The  skin  of  most  aiiimiU  \»  highly  clastic;  it  comists  of 
portiows  which  are  quite  distinct  in  chemical  composition  ; 
outer  thin  aupcriicial  layer,  the  epidcnuU,  which  dips  dowit 
,es  tbe  tiihes  cnntainiiig  the  roots  of  the  hair,  and  which 
in  blieteni  after  a  scald.  This  is  composed  uf  a  pclltclc 
resembles  homy  matter  in  com])OsitiDt) ;  it  is  stainal 
permanently  by  the  action  of  coticentratt'd  nitric  odd: 
bcoeatb  this  is  the  cellular  layer,  termed  tbe  rete  mucwiiiia,  in 
ieb  the  colouriug  matter  resides,  but  which  Is  now  generally 
ardcd  as  a  le^t^  compact  portion  of  the  epiilenniit :  and  below 
is  the  thick  seiisitire  vnscnlar  integument  or  denni»,  which 
atute»  the  true  skin.  Whcu  the  dermis  is  boiled  with  water 
•omo  hour*,  it  lieeoniea  dissolved,  learing  tbe  Tabular  parta, 
vbicb  can  be  rctuovcd  by  straining  through  linen  or  flannel ; 
|Ae  clear  li<|uid  is.  nearly  colourless  ;  It  golatinincs  ou  cooling, 
Pbd  consists  mainly  of  gelatin.  It  gives  with  tincture  of  galLa  tbe 
Rell-kuonn  insoluble  precipitate  by  wbicb  sucb  solutious  arc 
diaractcrizcd. 

Excepting  in  tbocc  CMCa  vhcrc  it  ia  desired  to  ^icsetN%*&<£. 
3  3d 
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hnir,  b»  in  tbc  clifrcreiit  a^iecica  of  furs,  Uic  preliminary  steps  in 
lilt;  pre[iaratiou  of  all  skim  are  pretty  mucli  the  Mine,  vbalci'er 
ttie  use  lu  which  the  Icatlior  if-  appliml,  but  grcnlcr  care  is  rcquiiite 
in  the  tliimicr  kiiuls.  After  the  Lair  haa  been  removed,  tlie  pre- 
servative  prooesH  thfli-rs  with  the  uature  of  the  ekiii  to  be  operated 
ou.  Four  principal  prooesacs  arc  iu  utc  for  the  prcpkradoo  of 
leather.      They  coiisi»t  of — 

i.  Tanning. — Tbia  is  einployeil  for  the  thicker  kiuds  of  leather; 
it  is  e&seiitialty  a  procexa  for  combining  tbc  a&triagcut  pnDci]itoo( 
vegetables  with  the  hitle. 

t.  Humaching. — ThiH  operatioii  is  Himilar  in  its  rcsolts  to 
tanaiug,  but  is  less  laborious  and  tcdinim  ;  it  is  performed  upon 
tbc  tbiuDcr  lealbun  or  tkitu,  wbicli  are  oAeu  subsequently 
dyed. 

3.  Tawing. — This  process  is  followed  ia  pre)>ariug  white  and 
black  kid,  priacipally  for  the  glover  :  id  this  operutioD  alum  aai 
commou  «alt  are  worked  with  t>ouie  m\y  tnattcr  iuto  the  skin. 

4.  Shamoying. — This    procctrs  is  used    in    tlic  prcparatioD 
wash -leather.      It  eoubists  c«seulially  iu  contbiaiug  »onie  soi 
fatly  niitttcr  with  tbc  texture  of  the  »oltcr  part  of  tbc  hide. 

Liming,  Unhmring,  and  Raining  the  Skin. — In  all  caj^e» 
Gr&l  thing  to  be  done  ia  to  clean»e  the  skin  thoroughly  {rum 
blood,  from  tho  salt  uwd  in  preserving  it,  and  from  other  cs- 
trniiPoiiR  nintters.  This  is  cffocml,  in  the  oise  of  rcceut  bidot 
&in)])ly  by  wiishiug,  or,  in  those  which  bare  been  salted,  \^ 
soaking  them  for  some  days  in  pits  in  which  the  water  ii 
occnitionally  chnnged.  It  in  frequently  found  adri^ble,  in  order 
to  cxpeditt^  this  cleansing,  to  place  the  hides  in  tbc  fnlhn^.uiiJI, 
where  they  are  beaten  with  heavy  hammers  shod  witii  iron,  Eiy 
which  the  okin  in  fti>eedily  rendered  snpple.  The  ears  aud  pro- 
jnHitig  useless  piices  haviug  been  removed,  and  disposed  of  to  tlw 
glue-maker,  the  bides  arc  geaerally  transferred  to  pits  containiiis 
lime-wntcr,  with  An  exeo?ts  of  lime,  which  gradually  dissolves  &e 
8he«th  of  lb«  tiairs,  and  coinbiues  with  the  &t ;  here  tliey  remikj 
for  three  weeks  or  a  month,  and  are  transferred  gradually  from  y^M 
contHining  a  weak  limo-watcr  to  tliosc  i»  wbicb  the  proportioa  ofliaH 
is  uiueh  iimrv  considerable.  Id  sotoc  of  the  Freueb  tanucrics  a  west 
Bolation  of  caustic  soda  has  been  substituted  for  lime-water,  wilk 
conetiderahlu  advantngy;  the  skia  is  more  rapidly  prepared  for 
UDtiairiiig,  and  llie  excess  of  caustic  wda  is  altef  wards  mucli  mon 
reaiily  removed  tbau  the  cxpeis  of  lime.  Somctimca,  instead  oT 
plunging  tlie  hides  intu  lime-wstcr,  they  are  plact^  in  a  wans 
room  till  a  fiUf^'\\t  dc^teQ  o^  ^IttilMAXvau  oammcuccs  i  dnrii 
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incipicDC  putresccuce  ammonia  ia  disengaged,  aud  the  Luir  becomes 
Bloattrticd  as  readilj  as  when  lime  is  used. 

H  Tn  order  to  remove  the  Inoitencd  hair,  the  hides  nre  plneed 
Btipon  a  alupiiig,  setai-cyliuilrical  tabic,  with  a  rouuclcd  end,  termed 
^mthe   beam,  aiid    apon   this,  with  a  tno-handlctl  kuife,  the  liide  la 

»emiie<l  on  the    hnir    wide    to    remove    tlic  epidcrniift    nn*I    hair. 

»3v  this    operation  the  upper  surface  of  the  cuticle  marked  by 
the  ia^ertions  of  the  hair  is  exposed ;  it  is  of  a  denser  strao- 
turc   than   the    Inyc-rs  of   cuticle    below,  nud    it    forms   what    is 
called  the  grain  of  the  skin  :   great  caro  is  taken  not   to  injure 
Htlii»  graJQ,  as  such  injury   impairs  the  qualitjr  of  the  leatlier, 
~  snd   much  rednces  its  value.      Tlic  hnir  having  been  removed,  the 
iiie  itt  nncc  more  rinsed  and  scraped  upon  the  benm,  on  the  llcHh 
side,  to  rcEuore  any  irregularities,  aod   adhering  loose   cellul&r 
tissue. 

Tlic  cleansed  hide  ta  then  immeTsed  for  twelve  hours  iu  a  bath 

^«f  vcak  sulphuric  wid  and  water  (i  part  of  acid  and  looo  of 

i  wllich  raUea  the  xUio,  that  Is  to  so.?,  makes  It  swell,  ojiens 

r^erm,  removes  adhcriug  lime,  and  tits  it  for  the  actual  opcra- 

ktion  of  tanning.     Care  roust  be  taken  to  avoid  an  excess  of  sii|. 

phuric  acid,  ti»  it  is  liable  to  injure  ibc  texture  of  the  hide.      The 

jemova)  of  lime  from  the  skin  is  a.  procfss  of  great  importance,  since, 

lowing  to  the  circumstance  of  the  astringent  matter  being  of  an  acid 

I  character,  it  would   combine  with  the  lime,  iuetcad  of  with  the 

1,  and  would    form  a  Imrsh,  iusoluhic  compound  wltliiu  the 

MoT  tho    skin,  nliich  would    impair    the  suppleuc^x  of  the 

Pleather. 

{'459)  ••  Titnmriff. — Up  to  this  point  the  preparation  of  the 
fkin  is  very  similar  for  each  kind  of  leather ;  whcu  tlie  process 
of  tauniiij^  is  to  be  performed,  it  is  conducted  in  the  manner  now 
to  be  described. 

The  process  of  tanning  is  a  very  slow  one.  A  weak  infusion 
of  bark,  called  oorr,  is  lirst  prepared  and  pumped  off  into  rcctan. 
gular  pits,  six  or  eight  feci  deep,  sunk  in  the  eiirtli,  mid  lined  with 
wooden  planking  ;  into  these  the  hides  are  introduced,  one  by  one, 
in  an  extended  state.     Tli&*ie  pits  of  weak  ooze  arc  tenncri  kandlfra, 

I  from  the  circuiostaacc  that  the  hiilc-i  arc  for  (tome  week*  dnily 
transferred  from  one  pit  to  another,  into  oozes  of  gradimlly  in- 
creaning  strength:  iu  about  si.t  weeks  they  are  ready  for  the  pits 
termed  laycra.  In  these  pits  the  purtinlly  tunned  hides  arc  placed, 
each  hide  being  srpnniti-d  from  the  one  above  and  the  one  below 
it  by  a  layer  of  coarsely  ground  oak  bark ;  the  pits  ere  then  filled 
ap  with  water.     Here  the  hides  remain  tor  about  tVvtce  nxou'Ca^,  «aA 
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are  tlien  tra.nsrorrciI  to  unotlicr  pU,  ntid  similarly  treated  ;  Wttbc 
hides  which  before  were  uppermost,  and  couaet^ueuilj:  in  lie 
TTCftkcBt  part  of  tlie  iufTisinn,  now  arc  uiidcfiDost,  and  iu  tiie 
Btrongest  part.  Sometimes  tbc  liitlot  rnjuire  to  be  passed  s  tlirti 
time  through  the  layers.  At  the  end  of  this  time,  the  skto,  if  of 
the  Ihit'kneas  of  a  gooti  ox-hifle,  will  lie  completely  tannwl,  a»  nuy 
be  known  hj  cutting  it  acruxat  with  a  knife,  viUcu  it  will  appeir 
of  R  unifgriu  brown  colour:  a  white  Hue  id  tlie  centre  shows  that 
this  part  is  iuiperfectly  tunned.  About  30clb.  of  oak  bark  an 
rcqiured  to  tail  joolb.  of  fr^h  skia.  They  yield  about  i  jolb.  of 
leather. 

Fpom  the  tanpila  the  hides  are  remox-ed  to  the  drying-l 
where  they  are,  iu  dry  wcuthcr,  exposed  to  a  free  curruut  of  nir, 
agisted,  when  the  weather  is  cold  or  dump,  by  heat,  furnished  by 
Btcain-iii|ica.  When  the  leather  is  suflicieiitly  dry,  it  is  heolco 
upon  a  kiiitl  of  home,  or  cylindrical  beani,  aud  is  aubiKrqucutly 
rolled  with  a  brassi  rullcr,  loadcnl  with  a  weight  of  from  lo  to  40  c«L 

Muuy  attempts  Imvc  been  made  to  diorten  this  tedioas  pTOoen^ 
for  example,  either  by  the  employment  of  stronger  oozea  at  fint; 
or  by  the  operation  of  newiug  up  the  hide,  filling  it  with  die  t«iiiiiu| 
iiifiwion,  and  allowing  the  Hq^tiid  lo  force  its  own  way  through  the 
pores  of  the  hide,  aidc'd  by  the  iutlueucc  ofgravitatiun  ;  or  by  paniiig 
the  hidea  between  rollers,  ns  they  come  out  of  the  apcut  oosc,  and 
then  allowing  thotii  to  be  transferred  to  stronger  uozc  :  hut  it  ha* 
been  generally  found  that  the  leather  ao  prepared  is  harsher  and  lew 
durable  than  that  obtained  in  the  old  way.  Ilda  i^  found  especially 
to  be  tlic  case  iu  thick  hide3<:  the  surfnec  gets  tanned  hard  id  At 
strong  ooze  ;  the  iuner  portions  are  by  tliis  means  protected  fn« 
the  tanning  action,  aud  their  complete  conversioa  into  leather,  wbick 
is  so  desirntilc,  it  prcrcutetl.  Mureot'er,  it  is  found  tlut  tt  i> 
useful  that  a  certain  portion  of  tlu!  gummy  and  mucilagiooi 
matter  coutaiued  in  the  bark  should  be  ab^irbed  hy  the  hide ; 
in(Trca^^»  the  stippleucss  of  the  Iciitbi^r,  and  therefore  n-tKleT« 
more  durable :  hy  the  proeeiis  of  ig^uick  tanning,  the  quantin  of 
mucilaginoits  matter  which  the  lude  takes  up  is  materially  anJ 
iujiiriously  reduced. 

Curryinff. — The  thinner  skins,  such  as  arc  used  for  tlio  «]»p(j« 
leather  of  boots  and  shoes,  as  well  m  the  tliicfcer  kiods  uoipkiyol 
iu  the  manufacture  of  hose,  in  some  parts  of  linniens,  &c.,  Iiavc  to 
nndorgo  the  I'ntthcr  process  of  currying,  the  object  of  which  is,  by 
impregnating  them  with  oil,  to  render  them  less  pervious  to  water, 
and  make  them  more  supple  aud  plial>]c,  as  wdl  as  to  give  tbem 
that  kIo&s  and  hnv^Vi  wWV.  W  ^n^nv  cuft^.i^  cousidercd  efrnfmliah 
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Tn  curryiiig,  tbe  leatlier  (a  calf-skiii,  for  taaniple)  is  thoronghJy 
)>oak<;4  tu  water,  aud  sbavcd  while  vctnitb  a  peculiar  two-haadlcd 
knife,  mion  a  xtiiootli,  hcarj,  (Ia.t  Iwain,  fuci-il  witL  lignum  vitju, 
and  pinced  uearly  vertically,  the  object  of  this  operatiou  bciug  to 
CfiualiKc  the  thickness  of  the  shin  in  its  diBcreut  parts.  It  is 
then  tlirawit  into  water  am!  workcfl  wliilc  moist  u|h>ii  u  ilttt  etouc 
table  with  tlii>1!c-t>]i-sii)eduu-uwiirdB.  It  is  thtis  uiiifonnly  thinaed 
out  and  airetchcd.  Here  it  is  next  stuffed  or  dttbbtd,  that  is  to  say, 
it  i*  thoroughly  impregnated  with  a  mixture  of  coarse  fisK-oil  and 
tallow,  after  which  it  is  hung  up  in  a  loft  to  dry  and  allow  the  otl 
ooiii|ilGtcly  to  penetrate  thi:  k-acLcr  and  toke  the  place  of  the  water. 
Wlifii  drj',  the  skin  is  rendered  supple  and  'grained'  by  ruhhing 
it  first  on  the  flc&h  side,  after  folding  (he  grain  nide  inwardii,  irith 
a  grooTed  ball  of  boi-wood  ;  the  uperalion  ia  then  repi-ated  on  the 
grain  ^idc,  Id  this  atatc,  after  another  scraping  on  the  fiesh  side, 
OP  v:hitrHing,  it  is  ready  to  bo  utorcd  anny.  Prcviotis  to  sale, 
liowevcr,  another  proeesa,  technically  termed  wojiit^,  is  performed. 
This  coneieta  merely  in  nibbing  in  upon  the  flesh  side,  a  mixture 
of  laiiipblaok  and  oil,  with  a  hanl  hrtisli.  A  coat  of  talluw  and 
size  is  then  riihbL-d  over  this  with  a  sponge  ;  it  is  jmlished  with  a 
ball  of  gla^s,  aud  a  fnial  coat  of  thin  size  cuinplctes  the  0[}cra- 
tion«  of  the  currier.  Por  ladies'  shoes  the  skin  is  blackened  on 
the  grain  aiile,  which  is  easily  effected  by  rubbing  it  over  with  a 
Aolution  of  sulphate  of  iron  ;  thu  astringent  matti^r  of  the  leather 
immediately  strikes  a  deep  inky  black  with  the  copperas ;  a  weak 
alkaline  liquid  i%  brushed  over  the  whole,  the  skin  is  allowed 
to  dry,  it  ia  tlicu  grained,  and  fiuiabed  off  witli  a  coat  of  oil 
^nd  tallow. 

B  Steohousc  find»  that  when  shreds  of  thin  leather,  such  as  the 
^npcr<]cutti(r  of  shoes,  are  digested,  under  a  pressure  of  two 
^ttmoaphercA,  in  a  l^upin's  digester,  with  lime  and  a  considerable 
quantity  of  water,  the  leather  is  almost  eutircly  dc('om]»oscd,  the 
tannic  aeid  combines  with  the  lime,  forming  an  insoluble  com* 
ponnd,  and  a  glue  of  good  quality  is  obtained  on  evaporating  the 
solution,  amounting  on  the  average  to  35  per  cent,  of  the  Icuther 
employed.  Thick  sole-leather  does  not  yield  glue  or  gelatin 
when  similarly  treated.  Analysis  did  not  in dieate  any  considerable 
dlffereucc  in  the  eouiposition  of  these  different  leathers.  Even 
Uiin  leathers,  if  kept  for  several  years,  lose  the  power  of  furnishing 
gelatin  when  decomi>09cil  by  the  foregoing  method  of  treatment. 

(1460)  2.  Morucco  Leather. — The  thin  kinds  of  leather  which 
arc  dyed  and  u^cd  for  ornamental  purposes,  u  for  coach  linings, 
chair-coTcrs,  book-hiDilJng>  &c.,  are  tamied^MCB.vV3,\iM\.Tas 
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niore  cxprditioui^lv  tlittn  liides.  Tbc  fiuert  kind  of  this  leather  is 
made  from  the  akia  of  the  Barhary  goat,  and  hciicc  thj  term 
Morocco  leather  ta  commoul)'  uppliefl  to  it.  lu  the  prt'iiornttou 
of  tlicsv  »kiiis  tliv  woul  or  Iiair  la  Kmored  iu  the  uitual  wa;,  ftud 
the  lime  is  then  worki:^  out  by  a  proeess  termed  abating.  In  thin 
operation  the  skins  nie  put  into  it  wcuk  solution  of  an  ammouuical 
•alt  (<iog«*  dung  hciiig  the  material  preferred)  ;  the  lime  forms  ft 
roluble  e<>nii)ouikd  with  tlic  acid  of  the  salt,  setting  ammonia  at 
liberty  ;  tliis  Roftens  the  akin,  and  at  length  rciidcTB  it  ao  ponm* 
that  nhcti  a  |K)rtioti.  of  nir  w  iix-ludcil  in  a  fohi  of  the  okin  tlic  air 
may  be  sqtieezed  through  it.  The  »kiu  is  next  cleutsed  oa  the 
beam,  and  is  sewed  up  in  the  form  of  a  bag,  the  grain  side  out- 
wards, and  is  reiidy  for  tlii;  gumachiag,  or  tOHuiiig,  which  is  aocuni- 
plifilicd  in  about  twenty-four  hours.  A  weak  and  narm  iDfusioti  of 
!<umncb  iH  prepared  in  a  large  tub ;  a  porlioo  of  sumach  Icava 
mid  uf  u  ittrutigvr  iufufeioi)  i»  puurt-d  iutu  the  bog  fonnotl  by  ae«iiig 
up  tlic  skin,  and  this,  uheu  distended  vitb  air^  is  tied  up  aJtd 
throHU  iulo  tlie  vat,  where  the  fioaliug  bags  are  kept  iu  coii-^'':-' 
motion  for  «omc  hours  ;  aflcr  which  they  arc  piled  up  on  a  »1 
shelf  on  the  »ide  of  the  vat,  nhere,  by  mutual  preraure,  a  porliou 
of  the  tanning  soUition  is  foreed  through  the  pores  of  the  akio. 
The  operation  is  repeated  vrith  a  etroogcr  infusion  of  aiunach^ 
afWr  wliicli  the  ek ins  arc;  cut  open,  wo-thctl,  dried,  and  eulniequcut 
dyed.  In  the  operation  uf  dyeing,  the  flesh  sidoi  of  two  of 
moistened  skiij«  arc  placed  iu  contact,  and  are  made  to  adhere 
striking  thom  out  nnJ  scraping  them  on  a  flat  table,  end  the  dyt 
stuff  i>i  then  applied  to  cacTh  skin  in  succe&^ioii,  by  vhich  tueaw . 
is  limited  to  the  grain  aide.  A  i'tgltt  bim  colour  may  be  given 
the  skin  by  the  use  of  a  mixtni-c  of  fcrrocyanicic  of  poUtsaium  uA 
nitrate  of  iron ;  a  i/refn  by  fl  combination  of  the  barberry  with 
indigo;  amaroun  by  a  mixture  of  archil  and  aniuiouia  Mitli  iudigoiS 
Kcarti't  by  the  action  of  eochinca),  alum,  and  carbonate  of  potash; 
aud  a  rioli  jmrjjle,  known  ax  roynl  jturjilc,  hy  meaiif  of  iudigO  fai:ed 
uitli  eochiiicaJ.  Red  morocco  iit  usually  dyed  before  it  b  tatu>ci_ 
with  HuniHch. 

(14'^  i)  3.  Tttwinjf. — The  thin   and  delicate  skin»  whidi 
employed  iu  the  mauufaeture  of  'kid  gloves*  are  subjccle<l  to  k 
dilTcrent  and  more  careful   proce&s   than  that  above  deacribed] 
they  are  firat  naalied  to  free  them  from  blood,  and  from  the 
employed  to  prescne  them  frnm  putrefaction,  and  are  thea  ftDOii 
on  the  flesh  aide  with  ereuni  of  lime,  aud  left  for  a  few  days ;  afWr 
which   they  arc  wasbcd,  and   the  liair  i«  plucked  off.     Thoy  aro 
thai  BoakciJ  in  linie-watcr  for  a  fortnight  or  tltrco  weeks,  at  the. 
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ex{nnition  of  which  time  they  are  carefully  smoothed  iritli  a  whet- 

Btone  upon  a  beam.     Tbc  liaic  U  next  removed  br  waking  the  skiu9 

in  a  mislun.'  of  bran  ntid  water,  vhicli  has  been  allowed  to  become 

sour;  the  lactic  acid  wliich  it  oontaiiiH  fiirms  a  noluble  salt  with 

the  lime,  anil  at  the  same  time  swells  the  ekiu  and  ojieus  it?  porca, 

retlucing   it   to   the   form  of  a  thin,  white,  cxtcDBiblc  membrane, 

tecboieally  termed  a  pelt.     In  tbi»  condition  it  is  readT  for  the 

I  operation  uf  tuwiag,  or  passing  tlirciugh  tlic  w/tite  bath.     Tnwtn», 

I  m  fact,  consists  in  preparing  the  skin  with  a  solution  of  chloride 

'of  alamlnnm,  and  Kub»e(jueiitly  working  in  n  qiiautitj  of  oily  and 

I  iarinaceoiis  matter. 

Thia  white  bath  is  coiniioeed  of  a  mixture  of  alum  and  com- 
linon  aalt,  diswlved  in  water  iii  the  projiortion  of  ii  gallons  of 
I  water  to  crery  loo  skins,  and  from  ii  tn  i81b.  of  alum  aud 
2-1  to  ^Ib.  of  salt:  aHer  the  KWin»  have  heen  introduced  into  the 
uiiturc  the  terapoi'aturc  is  gradually  raised  ocarly  to  boiling. 
AVbeii  the  skins  have  been  soaked  for  snine  time  in  the  bath,  they 
are  thoroughly  kneaded  together  by  placing  thciQ  iu  a  revoliing 
dram,  by  which  means  the  li(juor  is  well  incorpomtcd  with  them. 
They  are  next  washed,  first  with  water,  then  with  a  mixture  of 
bran  aud  water,  and  arc  dried,  after  whicb  they  arc  worked  with 
the  paaU.  Iu  [>repariiig  this  paste,  about  j  gallons  of  the  alum 
liqnor  are  mixed  Mith  13  or  J4lb.  of  wticat  flonr  nnd  the  yolks  of 
JO  cgga,  and  in  this  bath  the  skins  arc  worked  separately,  and 
allowed  to  remntn  for  34  hours  :  nt  the  end  nf  thnt  time  they  arc 
kneaded  together  by  the  action  of  the  rcvolriijg  drum  ;  they  tre 
■gain  dried  ;  they  arc  next  dipped  in  water  for  a  few  miuntcs,  and 
•ukod  or  strelched,  and  are  workoil  upon  the  boanl  with  a  soften, 
ing  iron,  by  which  means  they  arc  greatly  extended  in  alt  direc- 
tions ;  after  wbicb  they  arc  stretched  upon  frames  to  prcrctit  tliera 
from  shrinking  during  the  drying.  When  dry  llicy  «re  tinted,  If 
Decessury,  with  a  mixture  of  wbilcning  aud  ochre,  and  arc  finally 
poli^ied  utid  ironed. 

(1461)  4.  Shatnoylng. — The  oiJcration  of  I'humoyiug  cousiste 
ID  working  into  the  akin  a  quantity  of  oil,  which  snpplics  the  place 
of  the  vegetable  astringent,  or  of  the  chloride  of  aluminiini,  in  the 
fracases  of  tanning  and  tawing.  In  preparing  the  skin  for  aba- 
nwying,  the  ojR-rationH  of  unhairitig,  nnd  of  raising,  are  the  same 
a  in  onlinary  tanning.  A  lai^c  proportion  of  nh-amoyed  leather 
forms  what  i»  known  as  icaah- leather.  This  is  made  from  ahcep* 
ikins,  which  arc  split  for  the  purpose  by  means  of  a  machine 
contrived  with  this  view :  the  grain  side  of  the  skin  is  uwd  in 
the  preparation  of  hat  liuitigs,  and  for  other  purjKisot  where  ba(j 
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little  tcnkcity  n  requi»ite,  whilst  the  fleiili  side  is  converted  into 
vash-leathcr.  After  the  ftkias  bave  been  aoakod  in  bniu  ud 
irater,  tliey  are  sjircnd  out  upon  a  table,  and  lightly  sprinkled 
with  oil ;  tbcy  arc  then  folded  iiito  balU,  vacli  coutiiiiiiiig  4  clin*, 
and  arc  beaten  for  two  or  tbrfic  hount  in  the  fulliitg  st«>ckii,  vitli 
heavt  wooden  bamraent  faced  with  copper ;  after  this  they  are 
opened  out,  again  spriiiUvd  with  oil,  and  a  socond  time  po«eJ 
through  the  fulling  Btocks,  until  they  ocawe  to  appear  gtcvtv.  They 
nre  next  hnng  up  in  a  warm  room,  where  the  oil  absorbs  oxr^i; 
lUid  thin  oiling  and  veutilalion  is  repeated  two  or  three  times  :  tbe 
»kins  arc  then  serapcd,  and  sooured  witlt  a  weak  alkaline  ley  whieb 
saponificR  the  cxccfK  of  the  oil.  AfternarcU  thoy  arc  washed  witb 
water,  dri(.-d  at  a  gentle  lieat,  and  then  euioothcd  and  rolled,  Tbc 
thicker  leather,  known  as  buchUn,  is  prepared  iti  a  Mmilar  man- 
ner, but  the  skin  wed  is  not  split,  the  grain  being  removed  br 
means  of  a  knife,  which  raises  a  eort  of  nap  u^u  the  aurface.  hut 
docs  not  cut  the  leather. 


CHAPTER  XII. 


CUBHICAL    raOFEKTIKS    Vt   80UE    or    THK    SODDS    AND    nUtDS 
AMUAJ.    ORteiN. 

$  I.  Solid  CoiuiUoatls  of  AnimaU. 

(1463)  TaE  solid  cotistitucntft  of  the  animal  body  differ  rzrj 
materinilv  from  those  of  vegetables.  The  bony  framework  of  t^ 
animal  !iy.stem  contains  a  large  proportion  of  inorganic  insolaUe 
salts ;  and  the  diflcreut  tUsncs,  into  tbc  compomtion  of  nio»t  of 
which  nitrogen  enters,  vary  widely  from  each  other  in  chetiiical 
properties.  It  niu^t  not,  howct'or  be  supposed  that  any  organ  of 
the  body  consists  of  aiiy  chemical  oum|>uund  in  e  state  ereii  ap* 
prowching  (o  purity.  The  complex  stnictorc  of  these  organs, 
conaistiog  ns  (hey  do  of  vueular,  nervous,  and  cellular  coiftpo- 
ncnts,  independently  of  the  peculiar  and  projter  subilaDCc  uf  tbe 
organ  itself,  forbids  the  possibility  of  any  aucli  simple  cbancl^H 
in  its  chemioiil  constitution,  although  one  or  two  proximate  pfSH 
ciplcfl  may  give  to  it  the  distinctive  features  which  it  oDTers  to  tbt 
cliemiKt,  The  bones,  the  lif^nients,  the  muscle*,  and  the  iicnx*, 
thus  exhibit  umnistakcable  dificrcnces  in  chemical  properties,  otib} 
to  the  prc-dumiuanct!  in  each  of  certain  proximate  aaimal  principles- 

It  will  be  useful  to  consider  briefly  tbc  chief  chcini(il  chanc- 
teriatics  of  some  of  ihe  most  exteusitely  diffused  of  tlioc  tii 
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(i4'S4)  The  Boneg  present  the  saiDC  general  properties  tl)r¥)iig1i> 
out  the  higher  clasao  uf  vertebrate  aiiimaln.  ^Vhell  dricil  at  112^ 
till  they  cease  (o  lose  wdght,  th«y  arc  found  to  oou»ist  of  about 
oue-third  of  their  weight  of  organic  matter ;  the  reniaJuiiig  two- 
thirds  being  composed  princip«llj-  of  phosphate  aud  carbonate  of 
lime  and  phosphate  of  luagnotia.  These  facte  may  be  rcndily 
verified  : — if  n  hone,  freed  from  fat  and  perioftteam,  be  su»peiided 
4d  a  vessel  containing  hydrochloric  icid  diluted  with  6  or  8  parU  of 
water,  ati  eflervescciicc  will  Ijc  seen  to  occur  over  the  whole  surface 
cf  tlic  boue,  owing  to  the  dccomiXMition  of  the  ciirljoiia.tc  of  lime ; 
in  the  course  of  three  or  four  duya  tlic  ^Itis  will  have  been  die- 
•olTed  out,  aud  the  remainder,  which  still  retains  the  shape  of  the 
boDe,  will  be  found,  ancr  itoiiking  in  diotilted  wnt^r  rejieatedly  re- 
newed, to  consist  of  the  animal  matter,  or  ossein  only.  Its  rigi- 
dity will  have  disappeared,  and  it  will  baie  become  perfectly 
flexible  J  hut  if  it  W  dried,  St  will  assume  n  »emi-tran»'piirciit  up- 
pcnmnce,  resembling  that  of  horn.  When  boiled  for  a  few  hours 
in  water,  it  will  be  gradually  dissolved,  witb  the  exception  of  a 
little  fat  and  a  few  vosciilnr  and  fibrous  »hrcd«,  and  the  solution 
will  gelatinize  on  cooling,  furming  a  wcatc  glue  or  »ize.  The 
Bolutiou  thus  obtained  is  indeed  nearly  pure  gelatin,  and,  like  this 
^■ubctancc,  is  precipitated  copiously  by  tannic  acid  and  by  infusioo 

H  The  noid  nolution  when  neutralised  by  ammonia  deposits  the 
earthy  pho.-<phale«,  which  may  lie  separated  by  filtration;  and  on 
ulding  to  the  elciir  liquid  a  solution  of  oxalate  of  ammonia,  the 
hmc  which  was  contained  as  carbonate  in  the  Ixincis  precipitated. 

Bonen  mziy  be  boiled  fur  many  houT>  in  water  without  under- 
going  any  further  change  tlinn  the  separation  of  a  cjiiiintily  of 
grease,  which  rises  to  the  surface  of  the  liquid  ;  but  if  pineed  with 
water  in  a  Papiii'a  digester  and  espostii  to  u  temperature  of  about 
yxi°,  the  gelatin  in  dissolved,  and  the  e&rthy  matters  arc  left,  and 
nibride  in  a  dieiulegrated  form. 

When  bones  are  distilled  in  closed  vessels  at  a  gradually 
increasing  teniper&iure,  a  large  quantity  of  foetid,  volatile,  and 
tarry  mattxnv  pass  over,  accompanied  by  a  large  proportion  of  car'^ 
bowite  of  ammonia,  and  xomc  other  volatile  alkalies  formed  ou  tUc 
type  of  ummouia.  The  residue  in  the  retort  cuuatitules  animal  char- 
coal, and  contajna  the  phosphate  of  lime  with  a  quantity  of  carbon 
(lilTused  through  it  in  a  very  finely  divided  state.  The  saline 
conn»nciila  of  the  bone  may  he  obtained  iu  au  isolated  form  by 
calcining  bones  for  some  lioura  in  an  open  fire,  when  a  wliitc  ash 
it  left,     llic  composition  of  bones  differa  slightly  at  difTercnt  1 
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ftnd  even  in  different  parte  of  the  body  of  ihe  same  animal.  The 
TeetA  are  BtniiUr  in  composition  to  the  bjuea,  but  tlic  [lortiuo  "hich 
projecti  over  tlic  gums  i»  eiioaaed  with  a.  compact  liard  cnut, 
known  as  the  rnamel,  and  wliicli  couiaiuB  but  a  Ycry  suiaU  pro- 
|K}rIioii  of  auimal  iualt«r  : — 

Ompotition  of  Boaej,  IfC,  in  too  porta. 


Coii»iilu«nU. 

Heinta. 

Bvnttim. 

Fun  Of- 

Sk»p. 

Tutmwu. 

Taoik. 

* 

'  Animal  nMltcr   .... 
Phoapltatc  fiflimc  .    .    . 
Fluoride  of  calciuiu    .    . 
CiirboDiit«  or  ltm«  .    .    . 
PliotphaU  oCmtfpumi^   . 

30fi8 

5J-67 
3ii9 
6m 
J-07 

a*"54 
6199 

6*93 

1-68 

31-11 
S9*M 

'■'3 
6-ja 
1*10 

38-e 

I'D 

'•4 

88s 
80    1 
'■5 

Ttie  bones  of  fislics  contain  a  smalkT  proportion  of  phosphate  d 
lime  tlian  ih  fotiiid  in  tliovc  of  the  lii|;lier  orders  of  vcrtctirata.  Tlic 
Male*  of  finhcs  liavc  a  composiiiou  Mnicwhnt  similar  to  that  of 
bone,  hut  they  contain  phofphatc  of  lime  in  siuull  qunnlitr  only. 

The  proportion  of  earthy  matter  in  tlie  bones  in  the  Imt 
kpecies  in  oc«.>a.si»ii»1ly  ilefioivnt  in  eertaia  forma  of  diH;a£e.  In  1 
iiistRnecof  whttl  the  Gi-ruiaiis  cult  eranio-tnden  \n  ch.\]^nn,  Schl 
bcrgcr  foniiil  the  cnrthy  »»lt9  to  (nil  lu  the  spongy  portion  of 
botic  lu  low  as  2S  lA  per  ociit.  of  the  dry  bone,  aud  in 
cases  the  proportion  of  earthr  matter  was  a*  low  as  50  per  cec 
similar  fact^  have  been  noticed  by  other  obscncrs.  Name 
anatyoeH  of  ihc  bone»  of  diflercut  partdi  of  the  Iiumau  budy,  i 
rarious  conditions  of  health  and  of  disease,  and  at  different  perioeb 
of  life,  have  been  executed  by  Von  IJibra,  who  has  puhlJBbcd  1 
»|>ecial  work  upon  Ihe  etilijcct  {ChenttMr/ie  VnlerauchuTiyrH  Hirr  £t 
Knoeheti  tind  Zahne) ;  and  an  elshorate  paper  by  Fromy,  u|ioo  the 
hard  parts  of  niiimaU,  has  recently  appeared  in  the  Awaln  it 
Chimii',  III.  xliii.  47  :  many  other  writcrit  might  al»o  be  quoted. 
For  fuller  information  on  tltia  subject,  and  on  the  chemical  eom- 
pobitiaii  of  Ihe  rnrious  tissuea  of  the  animal  Imdy  generally, 
reader  \»  refcrrfd  to  Lcbmann's  treatise  on  Ph^nwh^ical  Chcmitt 
a  tran«latiuu  of  nhich  hiut  Iioeu  executed  for  the  Cavcadi&h  Sociq 
by  r>r.  G.  E.  l>ay. 

Tlie  organic  matter  contained  iu  the  envelope  of  the  CntU 
consists  of  a  auhntitiicc  termed  chilin,  whiob,  according  to  Pr 
coutains  no  mitogen  ;  Inth  Schmidt  and  Lchmauu,  liowe^vr,  Hod 
nitrogen  in  this  ^suWaotx  V^^^^^•    '"^^  'KK«a«i  oim^oacni  of  iha 
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oT  the  MoUusea  contains  nitroj^n,  and  has  been  termed  hy 

c^nchioUae;   it  is  distiuct  fraiu  albmncu,  uud  resctobles 

in  coii)i>uMitiun,  bat  wliou  boiled  docs  not  furnish  gelatin. 

nl  coteriu;;  of  the  Crtutacea,  and  tlic  shelUof  the  Mulltuca 

the  rg^  of  birds,  coDtain  biit  r  verj  itmall  proportiou  of 

of  lime,  the  principal  earthy  conipoucut  in  these  cases 

of  carhoiuitc  of  lioie.     The  «iihjoiticd  aiialjfics  fthow  the 

QOui|H)8iL)uu  uf  suiuu  of  tlictkC  substouces  : — 


r     CknwtttiienU 

PMnt. 

Bucboli. 

Chnrrml. 

•hsltii. 

iviib. 

ll«J>t  of 

BiBlt«r     ..... 

tc  of  limp     ...... 

il«  of  tno^nccil      .... 

L — 

30 
lO 

930 

9S3 

2S-6 
60 

10 
16 

57-4 

37'« 

30 

0-9 

Momtf  ^fatlcr, — The  compoeition  of  buck-horu  nnd  of 
reiiciiihlett  tlmt  of  bone ;  but  boniy  uiiitU^r  in  gouoral, 
^iu  ihc  shape  of  cow-honi,  lortoise-Bbt-U,  whale-bone,  the 
;  bewU  of  prey,  or  the  nails  of  the  liugcrs  aad  toes,   tllG 
Gsbeir  the  fuathcm  of  birdsj  or  the  wuol  uud  itiur  of  ani- 
illy,  is  of  n  dilfiu'ciit  compositioD  ;  itcoutaiiis  but  little 
r,  not  cscc«diug  2  or  3  per  cent.,  and  doe»  uot  furni»li 

.   -^  hoilctl  witli  water  at  high   tvni|icrn(urc^  under  proi- 

It  bccumcs  soft  uu  the  appli(-ati»u  of  heat,  a  circ-umstance 

lis  turitcd  to  account  iu  the  uinnufacturc  of  ixiiuiiiou  articles 

B,  *o  that  (bry  cau  thus  be  muuliicd  iu  some  measure  to  tho 

(Wmi.      Horu  is  gnuhiall}-  and  njth  ditlicidty  diAsolvDi)  by 

itioiia,  to  which  it  yields  up  a  portiouof  sulphur  ;  and 

.......iiig  the  solution  with  uo  acid,   a  precipitate  is   foratcd 

,re»emblea  that  obtained  froni  tlie  albuininoid  compounds: 

upitAte,  howo'cr,  prcticiits  properties  wbieh  are  idightly 

fvtvordiiig  to  the  uatun;:  of  the  source  from  which  it  is 

If  homy  iKiae  be  fused   with  hydrate  of  potash  it  ia, 

],  evulviiig  betweeu  4  aud  5  per  ceut,  of  amyha.     Homy 

rn  tutonucdiate  in  coQipo(>)tioo  between  the  alhumiuoid  and 

iioa»  ooiupiiat-ikt«  of  the  body.      It  oontainR  leaf*  carlMn  ami 

and  sulphur  thui  the  albuiuiuoid  compounds.     The 

^  Table  gives  the  compoMtioa  of  eoino  of  tbe  tliircrciit 

nX  llieu  bodiea. 

r  r\   analTses  {Lieinif'tt  Annal.  xl.  i)  are  caVculaXtal  vi'a\v 
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CoDJtitvoou. 

SchcTW. 

FKB«y,     1 

BfttimniM 

KMt 

VmI. 

Qudh, 

Twtl* 

t:r7 

Carbon    .    .    . 
}l;fdr(i|;pQ    .    . 
NiiTog*n .    .    . 
Solphur   .    .    . 
Oxygen,  JItQ.      , 

J  '4'94 

S0'6j 
661 

34-84 

50-65 
1371 

l4<it 

534a 

711 

1790 

iJ-47 

16-4 
ao'7 

-T 

CoDitituentt. 

Unlder. 

CraolrMiL 

Sdbai^ 

Xkfli     I     Bora 

(kane).          (alk). 

arvacK 

OttL 

Cwboa    .    .    . 

Kitroftnt .    .     , 
SulpLur   .     .     , 
Oijgeo,  ke.     . 

55-3 
6-5 

>73 
"3 

163 
34 

33-5 

50-4      1     48'6l 

1*7          'T3I 
2II         »3SS 

45"5» 
16*15 

30^53 

4fr<i 

Prom  tlie  foregoing  Tabic  it  n-ill  be  mcd  tti&t  Iioruj^  ni 
difTcra  tiut  little  fro»i  gelatin  in  iiltimnte  composition ;  thou{k<| 
its  rcortioDH  it  more  clotely  resembles  the  albuminoid  group.  H( 
tisiiTie  ii*  eitniiied  yellow  b^  nitric  acid.  The  quaDticy  of  sal| 
in  titc  bair  is  very  couaiderablc,  and  has  boon  found  to  avo 
from  3  to  5  per  cent.,  though  in  some  specimens  of  red 
\ou  Bibra  found  tt  to  amount  even  to  d  per  cent.  The  cat 
the  variety  of  the  colours  of  the  hair  np^icars  to  be  due  to 
variations  in  colour  of  the  animal  oil  »ilti  ubich  it  is  impr 
The  tiut  of  the  hair  m»j  Ijc  altered  rvadilj  by  st<^piug  it 
solution  of  chlorine,  as  well  as  bj  moiatcuiog  it  irit]} 
nostrums  nliieb  act  upon  the  sulphur  contained  in  the  hair  (7J 
The  inorgnnic  const iliK.nti  of  the  feathers  of  birds  var}-  in  qs 
tity  iu  the  different  t>|K;cici>  from  1  to  A  or  7  per  cent.  (( 
SesADCK.]  Silica  ia  alvajrs  present,  and  in  the  largest  (luiuitit 
the  feathers  of  granivorous  birds,  in  nhicli  it  fonna  on  the  ave 
four-tx^uthit  of  the  entire  enrtby  material.  Silica  ia  aUo  fountl 
the  tL«hcs  of  bair  when  burnt.  In  human  hair  the  ash  amol 
to  from  0*91  to  1*57  per  cent.:  and  of  tliia  the  silica 
nenrlv  one-aeveutb.  The  hair  nnd  wool  of  animals  oout 
gcncmt  rather  more  hbIi  tlian  human  hair. 

Silk. — This  Bub»laiice  appears  to  Ponsist  of  three  diRtinct 
tiaed  coiiij)oucnt«  vhicb  arc  arranged  in  Iaj-cn»,  tlie  outer  on 
Mhicb  is  soluble  in  nuter,  nml,  aecordiug  to  Mulder,  coos 
gelHtin;  it  Miaounts  to  about  oue-Hftb  of  the  neighl  of  Uie 
Jjcucalb  lliia  ouVfci  \a^CT  \%  o^^i  -iS.  iiiw»s>s».,  which  is  aolu 
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>  anciJiite  lep  and  In  Aoetic  acid,  ns  well  m  in  »  solation  of 

iline  soap,  nud  Ix'iicuth  thtK  »  Uie  sulistaace  mentioned  as 

in  ttic  foregoing  Tiiblc,     Tbc  colour  of  tlie  ailk  is  due  to  a 

quuitity  or  oily   ntattvr.      GuK'^aincr  threads   also  contain 

Scricia  is  a  white  sjlky^lookiug  suIkIuucc  which  in  left 

live  exhaustion  of  ibc  silk  by  water,  alcohol,  ctlier,  and 

ICctic  ncid.      It  is  intoliibtv  in   cold  dilute  alkaliuc  eolu- 

soluble  in  coneentratcd  sulphuno  and  hydrochloric  acids, 

■u  iiniiuotuacal  solutioii  of  oxide  of  nickel. 

organic  cooatitiiirni  of  tbc  eotamoN  rpoage,  according  to 

congJKts  of /iiroiw,  hut  it  contains  rg  per  cent,  of  pho«- 

,  and  I'oS  of  iodine.     It  is  closely  analogous  to  scriciii,  but 

Idc  in  aannoniuret  of  nickel. 

5)  adfin  (C,;H„NO„?  Schmidt;  C,jH,pO,„?  Fremy). — 

meutiuucd  as  chU'in  iu  t]ic  forcguing  Tabic,  const!- 

r  tnio  skeleton  of  insects  and  cru&taoea  generally-     ft  may 

icd  by  boiling  the  out«r  wing-cssc4  of  the  cockchafef  in 

I  alcotiol,  ctbcr,  acetic  acid,  and  aol  utioii  of  potash,  in  aucccs- 

A«'f>rdlng  to  Premy,  chitin  is  also  readily  procured  by  treat- 

sbcll  of  the  lobster  or  of  the  cr:kb  with  dilute  hydrochloric 

washing  uith  wntcr,  Imibng  for  some  hours  vith  a  dilute 

of  pota*b,  then  with  alcohol,  witb  water,  uud  with  ctlicr. 

iitin   is  a  white   aubstaiice,  which    retains   tlie  form  of  the 

fruai  which  it  is  obtained.     It  is  aoluble  in  concentrated 

hydnwhloric  acids  without  colouring  them,  and  these 

tiftcr   neutral ixa lion   with    ammoiiia,  yiuld  a  prccipitittc 

fukiun  of  galls.     Oil  of  vitiiol  gradually  dissolvca  it,  and 

fall  a  black  precipitate,  whilst  acetic  acid  and  acctnle 

lis    remain  in  votutiou^   and  .lugnr  is  also  fotnid   to  bo 

When  distilled  it  also  yields  acutic  acid  and  acetate  of 

;  boiling  ooaceiitratod  solution  of  potash  doc»  Dot  affect 

Bub.*tiit>oe,    if  it   (>c    axotiscd,   is    certwnly  one  of  the 

forms  of  the  Ditrogefliae*)  plastic  materials.     It  presents. 

ita  of  nnuli^y  vitli  vegotalde  fibre,  particularly  in  the 

(if  acetic  acid  by  its  dL-oom[>o»ition.     Tlic  compound  to 

?rbfti7  WMi^is  a  eomi>oiiitioii  immeric  with  that  of  oellulin 

from  chitiu.    Bertlielot  calls  it  lunicia,  from  its  entering 

i.-ompoiition    of  the   envelope   of  wmc  of  the  tunicutu 

It  yields,  when  treated  with  acids,  products  similar  to 

'  '     I  iiilin, 

^■. — The  articular  extremities  of  the  bones  are 
with  %  white  elAMtic  oj>aque  lioniy  ftub«tancc  «A\vc\\  co<a- 
1iU>  mdiiHf  admixture  ({mm  3  to  6  yet  ceul.  tit  «aVXj^t 
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and  whieh  by  long  boiling  i»  grwloaJIv  diswrfved,  forming  aliqi 
which  on  cooting  furnUlics  a-  Ireniutoua  jell;.  The  traasjan&l 
cornea,  the  riiiKs  of  ihft  trat^lieu,  llic  plastic  \titn»  of  the  «ir»,  ntpr. 
uid  eyelids,  and  the  flesible  prolongations  of  tin-  ribs  urv  nlwi  om. 
poeod  of  the  same  material ;  i1m»  iiihstanee,  however,  w  not  int 
gelatin,  hiit  tlic  nxwlificntion  of  it  termed  chondrin  {1456). 

}f'hile  fihrouM  lisme,  and  the  material  of  which  the  tendoai^ 
ligaments,  and  inclaatic  tcndinovw  expn»«on»  mre  conipotcd,  «»■ 
disl  of  a  substant-e  whicli  by  continued  hoiliog  is  almost  »m. 
plctely  dissolved,  and  a  sohition  of  gelatin  i»  foimetl,  vbich 
gclntinixes  on  cooling.  YeUov  fhrota  linur  has  a  difflcrrnt  con*- 
noHtion  :  it  is  in»olnblc  in  Ixiiltng  mater,  and  In  weak  acid*  ud 
filkalioi,  but  is  readily  soluble  in  hot  concentrated  siilpburic  nai, 
and  iu  a  strong  solution  of  potash.  It  resists  pntrcfaction  fori 
long  tinoc,  and  po»»it**M;»  great  ela»lidty.  Nitric  acid  form*  1 
jcllov  compound  with  it.  The  yellow  ftbrou«  tis«tic  is  an  adnn> 
tagcouH  source  of  leucine  when  digMtcd  iritb  suliihurio  add  vhid 
has  been  diluted  with  I ',  parts  of  water.  ^M 

(1468)  Htutular  tifsw  oonHints  principally  of  fibnn  in  1 
coagulated  forni,  but  being  highly  vascular,  and  coutAiiiing  nndf 
three-fourths  of  its  weight  of  «ator,  it  is  penneated  with  a  (liad 
ConM!>ting  portly  of  bluod  and  partly  of  subttanccH  scvreted  fnm 
it,  independently  of  a  small  proportion  of  ncrrous  and  adi|ua 
matter.  If  lean  bevf  be  mineed  fine,  and  dig<»Lcd  in  tbrec-iourtlH 
of  it»  weight  of  cold  natcr  and  then  expressed,  this  trratnient 
being  repeated  twice,  a  solution  will  be  obtaiual  which  cou 
in  a  concentrated  form  the  soluble  constitucula  of  the  luu: 
tissue.  These  coitiist  cliiefly  of  albumen,  the  soluble  salts  of 
htood,  of  the  ery»tallizable  nnimal  principles  termed  krcatine  uij 
inosiD,  of  phosphoric  acid,  and  at  lc«st  three  organic  acids,  n&, 
the  lactic,  the  inosic,*  and  the  butyric;  pOMibly  also  acetic  »ai 
formic  acids  arc  prcsi-utin  tmall  quantity;  the  colour  ofthesoti 
is  due  to  the  red  colouring  matter  of  the  blood.  The  Balt« 
cbictly  of  phospliate  of  potash,  phosphate  of  niagncnia,  and  s 
quantity  uf  ebloridc  of  sodium,  and  of  pboephale  of  }inic. 

When  this  cxprceHcd  liquid    is   hc-atcd  nearly  to  the 
point,  the  albumen  becomes  coagtdatctl,  earning  with   it  a 
pro{)ortion  of  the  colouring  matter;  thiscoagulum  generally  a 
to  between  2  and  }  per  cent,  of  the  fresli  muscle  operated  oa.    

(14A9)  /wwfc  'acid   (HO,C^!l(NjO,„?    LiebigJ.— Thi»  oow^. 


*  This  acid,  accot^vo^wG'K^tiry,  Is  found  only  ia  the  Scab  of  the  1 
fowl  aod  q[  the  turVe^ . 
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poand  preseuts  tlic  appL-amucc  of  a  syrupy  Hijuiii,  wtiirli  is  not 
•oluble  in  alcohol.  It  has  an  agreeable  taate  of  the  juice  of  meat, 
and  bccK>tn(.'»  rciidily  decotnjKMedj  mere  boiling  of  tlie  solution  pro- 
daciog  its  partial  deoutnpoiilion. 

Inosic  acid  may  be  prepared  from  the  mother-liquor  obtained 
from  tbc  ficsb  of  Iho  nummon  fowl  Bftj-r  the  separation  of  the 
krcatinc  (1417):  alcohol  is  to  he  added  to  this  liquid  till  it 
bocDtnc«  milky,  when  it  is  set  aside  to  cmtalliKi'.and  the  inoAatc^ 
of  baryta  and  potnsb  arc  slowly  deposited;  they  are  diswolvcd  ia 
water,  and  chloride  of  barium  is  added  to  tLc  hot  aqueoun 
solution ;  on  coobug,  the  inosittc  of  baryta  cryntallixes ;  by  a  ' 
•ccood  crystal! i cation  this  salt  !»  obtained  Iti  a  iitutc  of  purity, 
atid  tbc  acid  may  be  obtained  from  it  by  the  cautious  addition  of 
sulphuric  acid. 

Tbc  salts  which  iiiosir  acid  forniD  witb  tbc  alkalies  may  be 
crjfttallizcd.  When  dccompoiwd  by  bent,  they  emit  an  agreeable 
iiuell  of  rwwt  meat.  Inosale  of  patash  crystalline*  in  long  delicate 
fjur-sidal  pri»m%  which  are  sparingly  soluble  in  utcuhol.  Inosate 
of  han/ia  ciystallizes  in  scnica  of  a  pearly  lustre,  which  effloresce  j 
ill  a  dry  air;  they  are  sparingly  soluble  in  cold  water,  but  freely  \ 
so  iu  boiling  water,  and  arc  insulnblc  in  alcohol.  luusate  of 
enpprr  formi  a  light  blue  insoluble  powder  which  '\x  not  dissolved 
by  noetic  acid. 

B  (1470)  /"WW".  Imnite,  or  Miuc.te  Sugar  (CuH„0^+  4  Aq).— 
Khis  interesting  )>ody  was  discovered  by  Schcrcr  in  the  juice  of 
Hesh  :  but  according  to  Lcbmnnn  it  is  only  found  in  the  iu< 
fcluntary  muscles,  the  heart  yielding  it  mo.st  readily ;  it  ha.i  been 
Kuud  in  the  urine  in  Bright'*  di^ense  (Cloctta),  and  in  the  s&nic 
Kcrction  in  diabetes  (Hold).  It  may  be  obtained  by  the  following 
BroceKs : — After  separating  tlie  kreatine  by  erygtallizatien,  the 
Baryt«  is  removed  by  tbc  cautious  addition  of  sulphuric  acid  so 
Kng  a^  it  DccaMions  a  precipitate.  The  liquid  i*  then  littvrcd,  and 
Be  free  lactic  acid  scpamted  by  repeatedly  washing  with  ether. 
Kkohol  is  added  to  separate  the  salts;  and  by  gradually  in- 
Bvafeing  tbc  quantity  of  alc<^liol,  small  erytitaU,  rc;«otnl>ling  those 
Hf  gjpeam,  ere  formed;  these  cr/itoh  consi&t  of  inosin.  The^ 
^■mt  be  rrdissolvcd  iu  water,  and  rcrrystallixcd.  Iiiosln  has 
Hcceutlv  l>cen  shown  by  Ilohl  to  be  Identical  with  pliaseo-raannite, 
Bihich  is  obtained  from  the  seed  of  the  common  kidney-bean, 
^giuueottu  vulgaris. 

B  InoeiD  forms  colourless  efHoreitcent  pH^nmK,  which  Iom;  nearly 
H9  per  cent.,  or  4  equivalents,  of  water  at  a  temperature  somewhat 
Hpoiv  211*'.     The  residue  lias  tbcu  the  coiQ^vVwn.  cA  %t%\r.* 
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engar  wbich  btu  been  dried  at  212°.  At  410°  tlic  dry  toui 
mdts  to  a  colourliss  liquid,  vbicli,  on  cooliDg  quickly,  sets  inio  1 
(■rysCulHac  mnss.  It  has  a  sneet  ta&tc,  and  i»  frcclj  soluble  ti 
water,  less  so  in  rectified  spirit,  itnd  Is  !n«oln1ilc  in  kbcvliite 
alcoliol  ntid  in  ether.  Dilute  acids  and  alkalies,  even  vbeo  boild 
vitb  it,  produce  110  diaiige.  Its  solution  has  no  rotatory  actioi 
upon  a  ray  of  polarized  light.  Witb  conccntraUMl  nitric  acid  il 
jrields  n  nilro-itubntitulion  eomponnd.  A  aolutioQ  of  inosin  to 
nrhicb  caustic  potash  bn»  been  added  diamlTcs  hydrated  oude  o( 
Cop(>cr  with  a  blue  colour,  hut  docs  uot  reduce  it  to  suboxide «bn 
the  liquid  i«  boiled.  Tbe  Robilton  of  inosio  gives  a  white  pn- 
cipitatc  ulien  mixed  with  one  of  husif  acetate  of  lead.  Inosin  ii 
not  BUBccptibIc  of  tbc  vinous  fermentation,  but  with  chalk.  mA 
chccisc  it  yields  lactic  mid  butyric  acids. 

(1471)  Chemical  EJ'ecta  of  Cooking  apon  Food. — A  ooou. 
of  the  cbcniical  coniititiieuts  of  muwular  th»ae  enables  as 
to  nnduntand  the  principal  changes  produced  id  the  eookiii);  iiT 
meat.  Tbe  common  processes  of  cooking  hare  beeu  reiy  deulf 
explained  by  Liebig. 

The  operation  of  roaaling  conMsts  in  the  gradual  coagulation  of 
the  albumen,  a»  tbc  beat  penetrate*  from  the  surface  toirardalte 
interior  :  those  ]mrt»  which  arc  nrareit  the  centre,  uiileaa  tbc 
roAMing  bo  coutinited  for  a  eufflcicnt  length  of  titnc,  do  ool 
become  )iot  enough  to  allow  the  albumen  (o  co«galate ;  beuoe  they 
appenr  red,  juicy,  and  underdonr  as  it  ia  called ;  tbe  sa, 
portioiia  become  brown,  and  partially  altered  iu  conipositioo; 
the  greater  part  of  tbc  sa^sid  and  snbne  constituents  of  tbe  j 
contained  in  tbi>  meat  arc  retained,  altbougli  a  eertnin  piV; 
cxndee,  and  a  piurt  of  the  fat  is  melted  off,  and  collcrts  beto 
ihrijyping. 

In  I'Oiimg  meat  tbe  retult  is  eomenbat  ditfcrent ;  when 
flesh  is  placed  iu  colil  water,  and  the  heat  is  gmdiially  raised,  ths 
8t}la51c  albumen,  the  soluble  salts,  and  tbe  flavouring  |wir'  . 
the  meat  (which  is  eontaincd  entirely  in  the  soluble  part-,      ^ 
to  pnsft  out  into  the  water,  and  the  meat  gradually  becocncs  ioA 
pov^ri^hed,    while   the   lifjiiid   in  wbicb    it   is  boiled   gains  iflH 
eorn'^pnnding  degree  in  flavour  and  nutritive  qualities — the  nH 
becoming  hard,  ragged,  fibrous,  and  tasteless  at  tlie  aurrace,  o«u(] 
to  the  lo«s  of  its  albnrniiKnis  cement.     'When  tbc  water  boils,  the] 
heat  gradually  penetrates  tbe  mRH«  of  tbe  (Icsli,  snd  as  mod  m 
it  baa  rifcn  high  enough  to  ooRgulate  tbe  albiin>ea  vbiob  ia  IW 
left  in  tlie  central  portions,  the  joint  is  aaid  to  be  cooked  tliroti^] 
In  order  \o  ^reacwt  ^Scit  ^*A\  ^wt^mc  of  tbe  meat  durio£j|B 


m 


CHBMICAt  Sntcn  OF  COOKINO  DPON  FOOD. 


785 


boiliug,  it  is  neccasary  to  make  the  water  Wil  tefore  iotrxxludiig 
tlic  joint  to  be  coo1cc<l,  and  thon  to  maiutaiu  it  geutly  simmering 
DDlil  every  piurt  of  tlie  man  has  attained  a  temperature  of  al  least 
170°  or  itto°.  By  thU  trentment,  the  ulbuioeti  continued  id  the 
BiipcrliciBl  layer  of  the  meat  is  suddenly  coagulated,  and  thus 
ofTers  an  olutaole  to  the  fres  e!icai>e  af  the  xoliible  portious  from 
witbiu;  tlic  meal  therefore  is  pcoporliouatuly  richer,  whilst  the 
bi-oth  suffers  to  tltc  same  extent.  V 

Li^^has  introduced  an  improved  inethod  of  preparing  strongi 
ht  tea  lor  iuvalids,  foundud  upou  thu  foregoing  citnaitlcrationsfl 
m  beef  or  other  meat  is  minced  fiaely  while  raw,  aiixed  with 
in  equal  weight  of  cold  water,  and  slowly  hf?nted  to  boiling. 
ificT  bulling  fur  a  tuiiuttc  lu  cuugulatc  the  albumen,  the  litiuid  ia 
uued  through  a  cloth,  and  the  flbroua  portion  exposed  to  ])rc!t* 
lurc  ;  the  broth  thuii  obtained  is  seasoned  with  the  usual  coiidi. 
acnts,  and  fnrnislics  a  uutntire  Boup  of  excellent  flavour,  which 
rould  gain  nothing  by  longer  boiling,  but  it  haa  little  colour.         \ 

A  Flill  more  nutritious  broth  may  be  obtnined  in  the  following 

lanncr; — Take   one  third  of  a   pound   of   raw  btx-f  or   chicken, 

miuee  it  very  fjnely,  and  mix  it  with   14  ounces  of  cold  distilled 

water,  to  which  four  diopft  of  livdroclilorie  acid  and  from    to  to 

)  A  grains  of  salt  have  been  added ;  riigrst  for  an  hour,  and  slraio 

but  the  meat  upou  a  liair  sieve;  wash  tUe  residue  upon  the  sieve 

■ritb  J  ounces  of  distilled  natcr.      In  this  way  about  a  pint  of  a 

■old  eiitriU't  of  mt^at  in  obtained,  which  may  he  t«ken  cold,  or  if 

barm,  it  must   not  be  heated  ubove    120°.     Tlic  whole  of  the 

Bonoagulated  alhuuicD,  one  of  tlie  oii»t   nutritive  constituents  of 

ne    meat,    ia    tbiu  extracted  and   administered  to  the  invalid; 

prltcrcaB,  if  the  broth  be  boiled,  the  albumen  becomes  coagulated, 

■nd  itt  nkiinmed  ofTaud  wasted. 

I  The  undissolved  fibrin  when  washed  once  or  twice  becomeB 
■uurd  and  insipid,  and  isdiRimilt  of  digestion.  The  dork  colour  of 
^(nip  contributes  nciLreely  anvthitij^  to  its  flavour,  but  custonr  leatU 
B>  to  associate  the  idea  of  strength  and  flavour  with  it:i  appenimncc. 
Btbc  browu  tint  which  long  boiling  gives,  may,  ua  ia  well  known  ia 
■lie  kitchen,  be  ■up]>Ui;d  by  a  little  burnt  sugar,  and  thus  tho  eye 
Bs  well  as  the  palate  may  be  satisfied. 

I  The  auii»eptic  power  of  common  salt  in  preserving  meat  hag 
■ecu  kuown  &ori  time  imnieitiorial,  boL  nut^atinfactory  explanation 
Bf  its  mode  of  action  has  1)ccn  given.  The  process  of  uiltiiig 
Betract«  considerably  from  the  mitrieive  value  of  the  flesh  lo  prc- 
BcTTed.  When  raw  meat  is  »iUed,  the  liquid  portion  speedily 
Ae^in*  to  ooie  uutj  mid  to  disKoIvo  tlic  &alt,  forming  '«V\».l\b  cnn&- 
I       S  3  b 
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monly  tenucd  briae,  which  is  n  Mluraled  solutioD  of  s*It  in  Ibe 
juicu  of  the  i\c.?\i ;  the  meat  thus  becomes  proportionately  impoirr. 
i^icd  of  ib  nlbuuicii  and  of  ita  sapid  and  salluc  coiu|K>iunitC}  bu4 
at  ihc  same  time  is  deprived  of  iu  tcudeuc;  to  putief/. 

(1474)  ComponcMli  of  the  Brain. — The  chemical  kaovUdgeot 
llic  components  of  tbc  brain  and  nervous  system  is  leoi  satisfactoijr 
tli&n  titnt  of  many  of  the  foregoing  subatanocs.  It  may  be  ob- 
served timt  tlicee  orgaus  are  eipecially  reiQarkablu  in  ■  cheiDical 
point  of  view.  Fremy,  a  fcur  years  ago,  published  an  investigatioa 
upon  their  compositiim,  which  has  since  liccu  confirmed  hy  \aa 
Bibra  in  it^  c8Nenti:i[  |K)tuls.  The  brain  oontains  a  lai^c  |iro{iur> 
tion  of  albumen  iu  the  uncuagulatcd  form ;  but  it  seems  to  one 
its  peculiar  properties  to  the  pn»encc  of  a  «oli(l  fatty  acid,  ternwd 
cerebric  acid,  irliivh  coniaius  phos])Iiorus,  and  to  a  liquid,  oil/ 
aeid,  called  oieophtuphoric  acid;  the  latter  compound  nlso  cootaim 
phoitphoriis.  In  aitdition  to  thc«c  bmlies,  cholefltcria,  and  the 
ordiiniry  fatt,  stearin  and  olcin.arc  likewise  present. 

Tbc  human  brain  cotitaina  hi  100  part«,  about  7  partsof  albu- 
men, 5  of  the  above- mentioned  fats,  and  80  of  water. 

Cerebric  Acid  i«  a  feeble  acid,  which  is  met  with  in  the 
partly  uueonibiited,  partly  united  with  soda.  It  is  a  white  m 
which  may  lie  obtained  in  crvitlalliue  grains,  soluble  in  hot  absoliiti! 
alcohol  and  boiling  ether,  but  sparingly  soluble  in  cold  ellicr.  It 
is  not  soluble  in  water,  but  swells  up  like  stardi  in  this  lii|Mid:  it 
melts  at  n  ttomewhat  elevated  temperature,  and  at  a  little  above  iu 
point  of  fusiuu  bct^iim  to  be  decomposed.  It  burns  with  a  chinc- 
tcristic  odour,  leaving  a  charooal  which,  owing  to  the  formation  at 
phosphoric  acid,  has  an  aeid  reactiou.  ^| 

Cerebric  acid  gave  to   analysis  the  foUowiD^  nnmHerii,  fic^V 


^^^L^               Carbon 

.     667 

^^^^H             Hydrogen 

lO'A 

^^^^B             I^itroRcn 

•       33 

^^^^^H             Phosphorus 

0-9 

^^^^H 

.     19-5 

^^v 

lOO'O 

^^B        Ohophotphurie  Acid  is  a 

^rvnay  oil,  which  is  iiiHoluble  in  ould_i 

V       alcohol,  but  is  readily  dissolved  )^y  ctbcr  and  by  boiling  alcohol.     ^H 

H        appeunt  to  cxi.it  in  the  br.'...i 

paTtially  in  the  free  state,  but  pria^fl 

H      cipslly  in   ooai^iukaUou  Vi^Va 

'»^.Va,  with  which  it  furnii  b  wmr  J 
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•auncl.     lliU  AciJ,  nvcortliri;  to  Goblcjr,  is  likewise  prescotiu 

"olk   of  tho  ^g.     Olcophosphoric   ftCid.   b^  boiling  it  irith 

;  isrciolpediijto  a  niixlurcof  oleiii  aud  phosphoric  acid,  which 

rvmaiiix  in  solution.     Tbe  prcecuce  of  a  (teo  acid  fKcilitutcii 

decompo«itlon. 

II.  coHro«iTiox  Asa  fropbrtibs  op  801IS  or  tuk  most 

lUrORTAKT   ANlHAt,  rLriDS. 

ic  fluids  contaiuct]  lu  the  aaimal  body  mtj'  be  considered  in 
illowiiig  order: — - 
Plastic  Hutrieni  liifuids,  under  which  arc  incladed  tlie  AAwjrf, 
tributaries  the   cAyh   and   the  lymph  ;   m  connexion  with 
it  will  be  convenient  to  notice  milk. 

Liquids  more  or  Ics*  necessary  to  the  process  of  digestion, 

ll«!   aaliva,   the   i/agtric  juice,   tht  pancreatic  _fiiUt,  tiie 

of  the  Mueoui  m^M&ran^t,  and  the  bile. 

ExcTCincDtitioiu  initttcr,  comprising  tlie  urine,  the  cutoHeoui 

>,  and  the  »otid  excremcdf ;   with  wliich   may  be   noticed 

i»  prodtict  of  tbe  suppui-ative  process. 

A.  Platlie  Nutrient  lAtpiida.—i.  Vie  lilood. 

fj)  The  blood  is  the  most  important  of  the  fluids  contained 
animal  syctem,  «incc  it  viipplic^lhe  niiitertal  from  which  the 
IS  organs  of  the  body  are  derived.  The  rcnKLrks  irhich  follow 
to  tlic  blood  of  the  human  species   unless  otfaeruite  speci* 

it>ce  llip  htood  is  a  fluid  which  conMsts  of  a  mixture  of  a 
y  of  ditlercut  iiig)«iieut«,  and  since  it  is  every  momeitt  under- 

changes  of  the  most  varied  and  complicated  di*«criptiou,  iu 
ition    catiiiot    1)c    eX|>ected    to    exhibit   tbe  same  definite 

ter  lis  that  uf  a  cryBtallizcd  mineral ;  and  yet  there  in  eon- 
iblc  uuifomity  in  the  chemical  cniietitutioa  uf  bluod  during 
Th  the  vrrU^brate  itiiiniah  the  blood  is  a  somcirhat  viscid 
of  a  r«d  coiaur,  which  i«  more  or  less  bright  nccordiug  to  the 
)f  the  system  from  which  tbe  liquid  baa  been  takcu ;  that 
the  «rterie»,  or  arlrrial  blood,  being  of  a  tlorid  red,  whiUt 
drawn  from  the  vcios,  or  vewotu  blood,  is  of  a  dnll  purple. 

has  a  peculiar  odour,  which  diOen  somewhat  in  animiils  of 
Mit  »|»ci(».  Tlii*  odour  is  more  strongly  developed  Ijy  the 
on  of  oil  of  vitriol  to  the  bUiod.     When  left  to  iuelf,  the 

preieula  the  remarkable  phenomenon  of  tajugulatiou,  ia 
of  which    it  appear"  first  to  become  Keraisolid,  and 

^  .1  !U'ji:iralw  iiiro  two  portions,  one  of  wVi\cV  co-as^^ttV*^ 

'^m  3  s  2 
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the  wlid  mior  or  crauaiMntum,  and  tbe  otiier  the  liquid  or 
$erou«  portion.  This  coagulation  generally  commcnt^es  io  trora 
thwc  to  five  minutes  Rftcr  the  blood  his  beeti  drawn,  und  the 
dot  contiuuca  to  contract  for  t«i  or  twelve  hours.  CoaguUtion 
19  retarded  by  exposure  to  a  low  temperature ;  it  occurs  mon 
rapidly  at  alxiut  100°  or  no*'.  Tbc  coa^dutioD  \%  due  to  tW 
presence  of  librin,  which  e\i&ts  in  tbe  blood  in  a  itate  of  aolutioa 
whiUt  it  idcirculatiu)(  iu  the  liring  orgnnbm,  but  solidifies  shortly 
after  its  removal  from  it ;  the  cause  of  tliii  coivgulation  is  unkoowa. 
During  coagulation  the  fihriu  cnrries  with  it  all  the  colonrbg 
matter  of  llie  bIoo<l,  »o  that  the  clot  has  a  deep  red  hue,  and  the 
scrum  is  left  culonrk-ss  or  Ktrnn. coloured,  l^ic  reason  of  tkif 
oooiplete  BDparation  of  the  colouring  matter  is  revealed  hy  tl* 
microscope.  Illood,  when  exposed  to  a  high  maguifying  power, 
is  found  not  to  be  a  homogcucoua  fluid,  but  to  oootain  a  multitudfl 
ofumail  flattened  disks,  of  n  deep  red  colour,  tolerably  uniform  in 
size  ill  the  same  auiuml,  but  varying  iu  luitgiiitudc  and  ahspr  is 
diB'crcut  species  of  animals.  These  hlootl  disks,  or  red  carpiueUt, 
float  in  a  transparent,  nearly  eolourleu  fluid,  termed  the  li^wr 
tanffuinis.  Iu  humuu  blood  these  red  corpUA<:les  arc  circular  and 
slightly  biconcave :  io  moRt  other  maramidia  the  blood  dUk>  in 
aUo  eireolar  ;  in  birds  thoy  arc  clougated  and  oval,  with  an  elevattd 
centre;  and  in  amphibia  they  arc  oval  and  slightly  COUTex.  TlM^M 
dMCrvations  e:tplaiu  tbu  cauiic  of  the  cutuptcte  Mpaxatioti  of  oP 
colouring  matter  when  the  blood  coagulates;  since  tbe  fibrin^  in  tlie 
act  of  solidification,  entangles  the  red  corpuscles  in  its  mesbn^ 
aud  mechanically  ecpuratcs  tbcm,  just  bs  vrhitc  of  c^  rcmom 
the  solid  impurities  suspended  in  syrup  vhea  it  is  used  to 
clarify  that  liquid.  If  the  blood  be  whipped  with  a  bundle 
of  twigs  duriug  the  process  of  coagulation,  the  fibrin  itlscbes 
itaelf  in  the  form  of  white  elastic  ftlamenta  to  tbe  tvigs, 
while  the  red  particles  arc  separated  from  it  by  the  a^tatioo. 
The  defiluiuuted  blood  is  of  a  deep  red  colour,  and  does  not 
coagulate.  Blood  is  prereuted  from  coagulating  by  allowing  it  M 
flow  from  the  7cin  into  alkaline  solutions,  or  into  a  oonceatrat(d 
solatioii  of  many  salts  of  the  alkalies,  such  as  nitrate  of  po 
and  aulphatc  and  acetate  of  soda.  Iu  •one  cases  of  sudden  di 
tbe  blood  is  nlsto  found  to  have  lost  its  properly  of  spontanwTa* 
co&gaUtioti.  In  certain  states  of  tbe  system,  owing  luu-Uy  to 
slower  coagulation  of  tiic  fibrio,  the  upper  surface  of  the  cloc 
entirely  free  firom  colouring  particle*,  tbe  re*!  eorjxucica  snV 
side,  and  leave  a  stratum  of  variable  thickness  and  of  yellowish 
colour ;  to  tbia  coilm^  \.U^  uunc  of  the  buffg  coat  of  the  blood 
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has  been  given  ;  it  in  sometimes  ftpokcn  of  aa  the  infianunaivry  crtist, 
owing  to  its  frcfjuctic  occurrence  during  inilamnintorf  diseases. 
(1474)  Composilion  0/  the   Blood. — Tlie  following  sutntnnces 

\have  been  foTi&d  as  normal  constituents  of  tlio  blood  : — Alkuinen, 
fibrio,  colouring  matter  or  hfeinatin,  globulin  ;  oleic,  stearic,  lactic, 
pbospboricj  sulphuric,  nm]  Iiydruclilonc  acids,  iu  combinutiou  with 
Boda,  potath,  ammonia,  lime,  and  magnesia  j  minute  portiona  of 
cliult^terin,  and  a  small  quantity  of  pho^phorizcd  fat  (containing 
phospho-glyccric  ucid),  which  hoa  probably  a  composition  similar  to 
that  of  tbc  fatty  matter  of  the  br^n.  The  blood  likewise  coulaiua 
in  sulution  oxygen  and  tiitrogeu>  derived  from  the  atmosphere, 
and  carbonic  acid,  which  is  produced  by  the  reaction  of  the  osygcn 
upon  the  couatit ucuti*  of  the  blood.  Tlies«  gases  may  be  dis- 
placed  by  tr»n«mittiug  a  cuiTcnt  of  hydrogen  through  the  liquid. 
Leiimamt,  by  passing  a  current  of  hydrogen  through  ox-blood  till 
it  ceased  to  expel  carbonic  acid,  aud  then  adding  acetic  acid  with- 
out  admitting  air,  and  again  transmitting  hydrogen,  has  shown, 
by  tlie  trspulaion  of  carbonic  acid  which  then  ensued,  that  recent 
blood  mast  contain  a  free  alkaline  carbonate,  in  quantity  e<|ual  to 
about  0"i638  per  cent,  of  its  weight. 

Ttic  following  Table,  based  upon  the  ol»enrationa  of  Schmidt 
and  the  analyses  of  Lcbmann,  is  given  by  the  latter  chemist  as 
representing  the  average  quantitative  relation  of  the  principal  con- 

iBtituents  of  normal  bloorl.  It  will  be  observed  that  the  blood  is 
here  regarded  as  composed  of  two  iwrtioiis,  one  consisting  wlcly  of 
the  red  particles,  aiiJ  the  other  of  the  liquid  in  which  tlie^c  red 
corpu«cle«  are  auspcudcd,  termed  the  liguor  aunguinis,  which  cou- 

'tbta  of  the  scnini  holding  fibrin  in  solution; — 

Bf.  gr.  <ff  Ulooi  Carpundtt,  108S5. 
j  tOM  |>arU  of  bl^od  corpatclcfl  coo- 
Min ; — 

W»i#r iSSS-oo 

[Solid  cOQsUtuenb  ....    jtsoo 

jBiniBtJa  (with  iron).     .    .      i^'ys 
[Glctbultn  and  ccJI  mentbmns    aSi'ia 

!«■    -. -3' 

|Sitractirc  matters     .    .    .  3*00 
[Uineral  sulMtances  (irilhout 

iron) S'la 


Sfi.gr.  i^f  Liquor  SanijaiiUt,  I'OaS. 
1000  psrtA  of  li<]aor  laDKuitiis  coS' 

taiu  ; — 

Watur . 901*90 

Sglid  coneiitucnu  ....  97*10 
(consixting  of) 

Fibrin 4'OS 

AJbumen 7^'^ 

Fat "la 

iCxtraetivc  matter*     .    .    .  X9^ 

UiDcral  subulaiioes    .    .    .  o'sg 


ICUorins 


[^Sdplnmc  arid ooi36 

[  pMp&oric  acid     ....  i'ij4 

I  PoUasiuiB 3M'^ 

I  Sodjum t'o.i> 

Oiygca 066; 

tPhoarphstc  of  lime  .    .    .    .  0114 


1*686  I  Chlorine 


3'*44 
o*ri5 

0'lj>l 


I%o«pbalo  of  uiafHvis 


Sdliilmrii.'  arid   . 
Phtwplioric!  Bcid 

Potii)i*iuin ^*3*3 

Sudiuio 3'34i 

Oxyxcn 0'40,i 

Fkotphate  of  Ume  ....  cfiw 


^'^73    f hoapUsM  ot  magatua 


«M»J 
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Tho  ash  of  ox-blood  contains  alwut  6-84  |>er  cent,  of  oxide  1 
ircm  (Lobmann). 

Tlie  following  Table  gives  the  results  of  tlie  arcrago  comf 
tion  of  human  blood  in  mmi  and  in  woman,  according  to  the 
lyses  of  A.  Becquerel  and  Rodii-r  :— 


Specific  gravity  of  delilirinsted  blood  . 
Ofsertiin 

Wnter 

Fibrin 

/"Serolin    ,     .     ■    . 
p.(.„  ■».«>._    J  l'l»o«i'liori»tf(i  fat 

C&ipoi>ifi«d  fat 

AlbtimoQ 

Blood  corpnsL-lei  ....... 

Esiroctirr  mutters 

I  Chloride  of  «odium 
Salts    •    •    •     S  Othvr  s«lubL>  eulU 

( Enrth;  pliotpbatc* 
Metallio  iron 


69*40 

t4l'IO 

6'to 


lOOO'lO 


310 

2-50 
033 


6*50 


1000  01 


y9> 

ISO 


r*j 


Tbc  average  spccifio  gravity  of  liealtlij  human  blood  i«  fro" 
1*052  to  i'057,  1ml  it  i«  liablu  to  coiiBideroblc  variation,  pru»«- 
pally  ouiijg  to  differences  in  ihu  pnijiortion  of  tbe  red  oorpiwdes: 
it  it)  usually  more  <li4utc  in  tbe  female  than  in  the  male.  Tbe 
density  of  tbe  ncriiin  is  more  uniform,  and  ia  generally  between 
1*027  and  i-oig.  Tho  seram  is  a  wmewhat  alkalitie,  stn«- 
coloured,  highly  albuminous  liquid,  which  iKcomca  ooagulaud 
and  forms  a  ncmi-ti-aneparvnt  jolly  when  heated  to  about  l7o'- 
Its  avpiai,-©  composition  has  !)een  already  given,  iiodcr  the  hwl 
of  liquor  sanguinis,  in  the  table  quoted  fioin  Lebmann ;  but 
since  the  liquor  sanguinis  consists  of  scrum  holding  tibrin  in  5oh^ 
tion,  tibrin  mtut  be  deducted  from  the  list  of  tbe  comjioiienls  of 
the  scrum. 

(1475)  Utematin,  or  Btmaiotin  (C„H^jO„Pc?  ^fnUW; 
TliiR  Bubstauco  is  the  true  colonring  ]mnciple  of  the  blood,  wul 
in  many  respects,  a  remarkable  coin|)ound.  It  is  the  priitciial 
constituent  of  the  body  that  contains  iron.  Ilicmatin  pn»»t« 
H  considerable  &iuAoir^  with  the  albumiuoua  principles,  aud  may, 
like  theiD,  exist  eiVWec  m  u  aob^it.'uA  (n  %«.  ^uKoa^^icd  li>nn. 
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It  occiire  in  the  blood  iu  tlie  soluble  furin,  ntid,  according  to  tlie 

I  nnalrsi?  of  Mulder,  it  <x>ntatn9  6-6  per  cnnt.  of  mclRlIic  iron.     It 

I  Bp[)cors  to  he  probable  that,  like  ihe  Kiilpliur  mid  the  plionplionw  hi 

Lalbumen,  this  iron  in  not  comhinoJ  nilh  oxygt-'u.     The  peculiar 

I  colour  of  littmatin  is  manifestly  not  dependent  upon  the  iron  which 

lit  contaras,  sinre  nearlj  the  wliolo  of  thi»  »iil»tiiii(;u  may  Ik*  removed 

firithout  aSccting  the  dark  brown  colour  of  the  hxmatin ;  for  cx- 

.  Ample,  if  hirmatin  lie  allowed  to  remain  for  Rome  time  in  contact 

Iwith  conceiitraied  Ktilphciric  nciil,  nnd  the  liquid  bt;  then  diluti-il, 

■an  eroltition  of  hydrogen  will  take  place,  and  protosiilphatc  of 

jiron  will  be  formed  in  the  liquid.     The  insoluble  residue  thus 

lobtaiiied  cotitsLiiiM  caiWii,  bydrogcn,  nitrogen,  nud  oxygen,  ia  the 

^Jame  proportion  as  in  hajmatiii  from  which  the  iron  La*  not  been 

smtiTcd.     If  chlorine  be  parsed  thrangh  a  eohttion  of  liieioaliu  iu 

'■water,  seewiuicliloride  of  iron   is   formed,  and  a  white  precipitate, 

Llenucd   ehlorhamatin,   in   produced]    wbicli   Mulder   reprrseuta  u.i 

j(C„H,j\j,0„Clg,  or  C„Hj,NjO^+6  ClOj,  a  compound  aualogoun 

to  that  nhieb  ts  formed  with  protein,  whcu  albumen,  sui^pendcd 

water,  ia  aimdarly  treated.      Hiciiiatin   eoii«titulei  bttt  a  »niall 

proportion    of  tlie    red     purticlcH    of    t  lie    liluud    [nccorihng    to 

lerzclius,  about  i-zoth},  the  remaining  portion  eotiMsting  chiefly 

>f  globulin. 

It  is  difficult  to  obtain  hwmfltin  in  a  slate  of  purity,  and  as 
it  hsA  only  been  insulated  in  it»  coagulated  form.  Blood 
rbtch  ha«  Iil-cu  freed  from  Fibrin  by  agitation  with  twigs  hcfort- 
JBgulation,  is  to  he  mixed  with  about  8  timei  its  bulk  of  a  satn- 
[latcd  solution  of  ^ulplintc of  aoda.  After  standiu;;  forn  few  liourr, 
be  colouring  ninttcr  subsides ;  it  must  be  collected  on  n  filter,  and 
rashed  with  a  !ti>luti(in  of  sulphate  of  .loda.  If  the  residue  npou  the 
Slier  be  now  boiled  with  alcohol  acidulated  with  sulphurie  acid,  t!ic 
llouring  matter  is  dissolved.  The  hquid  must  be  filtered  wbiloj 
It,  and  it  portion  of  globulin,  which  hai«  been  di^isi^lved,  is  to  ba^ 
lifoirn  dowu  by  the  addition  of  carbonate  of  ammonia.  The  red 
{aid  thus  obtained  is  again  to  be  liltcrcd,  and  cvaporntcd  to  dry 
;  after  wliioli  the  sotiil  residue  must  be  digested  aucces*iTely  with 
Mtcr,  alcoliol,  and  ether,  aud  again  be  dissoUctl  in  alcohol  eoiitftin- 
animonia,  by  whicb  the  remaining  itortions  of  globulin  will  be 
paratcd  in  the  insoluble  form  ;  tin;  wolutioti  i»  then  to  be  filterwl 
id  evaporatfld  to  dryness;  after  which  everything  that  in  »olub!i; 
I  la  be  removed  by  digestion  with  water.  The  residue  ia  coiisiderral 
5o  pure  biematin. 
Congulated  hiematin  as  thus  obtained  forms  a  dark  muss,  which 
imca  a  slight  luaire  on  prc-'Mure.      It  is  dcst\l\xxe  o^  o^QVix  viv.\ 
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of  tMtc,  and  16  insoluble  iu  water,  alcoliol,  ctbcr,  and  ttc  fatty  and 
essential  oils.  It  is,  however,  icadily  distolred  by  weak  alcohol 
which  has  been  Bcidulated  wiltt  Hutplmric  or  hydrochloric  acid ; 
tlii^  i!oliitioa  is  of  a  ilcv|>-brown  colour,  but  it  becomes  Uood  ivJ 
OD  tbe  addition  of  an  alkali.  ^Vater  precipitates  the  oddiilat^ 
alcohulio  solution.  Strong  acids  <lecofnpasi;  haniHtin,  and  citnct 
tbc  greater  portion  of  lU  iroa.  Aqueous  solutiou»  of  the  alkalioi 
botli  caustic  and  carlHinated,  dissolve  it  freely  ;  wbcn  thoc  (da- 
tioDJi  nrc  boiled,  tlie  colour,  which  is  at  first  blight  red,  jnun 
through  dull  red  into  green,  llteuiatin  is  precipitated  cotoplotclj 
finom  its  animoniacal  solutioD  iu  alcohol,  by  salts  of  ailvcr,  of 
lead,  niid  of  copper.  According  to  DcntH,  icoo  parts  of  blood 
contain  056  of  uii'tjillic  iron  ;  eu  that  Tcckouiog  the  qoaotitj 
of  blood  in  a  man  of  average  stature  at  jolb.,  it  wonid  amonDt 
to  about  120  grnios  of  iron  in  the  blood  of  the  entire  human 
body. 

{l  476]  Ifamaloittin. — A  remarkable  modificatioD  of  the  colov- 
mg  mnitcr  of  the  blood,  to  which  the  uiinc  of  AtMut/ottfim  «f 
htmato-crystaUia  ha»  been  giTcn,  has  been  ohacnrod  to  otcw 
sometimes  in  old  estmviisatioii»,  and  in  certain  forma  of  diKeaw- 
Tbc  colouiiiig  matter  asftnniea  the  ahape  of  irregular  cryittaUuw 
fragments,  or  of  perfectly  formed  transparent  re*l  rhombic  prisms, 
which  nrc  very  epnringly  soluble  in  w&tcrj  yielding  a  udatipa 
iihich  become!!  ronguhited  at  about  145**.  Alcohol  mid  nitric  acid 
aUo  produce  a  precijiitale  in  the  liquid.  The  aqueous  sulution  of 
haimatoidiu  is  precipitated  by  sobitions  of  corrosirc  subliinatc,  cf 
subnitratc  of  mercury,  and  of  ^ilphntr  of  copper.  Acetic  acsl 
dissolves  ttic  crystsls  of  hsematoidin  readily;  ammonia  produces  1 
liquid  of  the  colour  of  peach -blossoms )  potash  docs  not  diasotn 
them,  but  chan^cH  the  eohmr  of  the  cry^taU  to  a  dirty  yello*. 
Lehmann  has  iioititcd  out  a  method  by  whi<rh  thcs«  crystds  on; 
be  readily  obtained  from  the  blood  of  Tarions  animals,  partienlarij 
from  that  of  the  guinea-plff,  the  mt,  «iid  tlw  niouw;.  AAcr  the 
serum  has  been  well  di-aincd  fiom  the  clol,  the  coagulum  is  to  be 
placed  in  a  cloth,  and  the  greater  part  of  the  colouring  matter 
wnshfxl  out  by  Dican&  of  a  small  tjuanlity  uf  water.  The  deep  red 
liquid  tlina  obtained  is  to  be  filtered,  and  a.  curreut  of  oxyi^em  p» 
transmitted  through  it  for  about  half-au-bour:  after  ihit,  a 
current  of  carbonic  acid  ga»  is  to  be  transmitted  through  tlic  solu- 
tion, for  about  Ij  minutes.  During  the  lutter  procem  the  hi]Ukl 
gradually  becomes  filled  with  small  crystals  which,  if  alloned  to 
siilwidu,  can  bo  separated  from  the  liquid  portion,  hi''- 
found  tViat  tlie  toT\wA\Qi\  «^  xX^hm;  •it^^Vi.U  was  faTomcd  ',  ^ 
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'     taino 


on  of  solar  liglit,  1)ut  ttic  exact  ch&ngts  vliich  attend  their 

roductk)!!  arc  not  uodcnstooil.     The  crystals  obtaincil  from  tlie 

blood  ofdidereat  animals  present  tlilTercnccs  of  form  atid  of  aolit- 

bilitf.     They  tire  generally  |irismfltic,  but  tliusc  of  tbc  rnt  and 

itlie  mouse  arc  tctrahcdral,  and  arc  very  sparingly  soluble,  requiring 

600  part«  of  water  for  tlicir  nulution.      Tlic  ullimnte  analysi;*  of 

matoidin  furnishc*  results  almost  identical  with  thoso  obtained 

albumen.     The  (lurifiecl  crystals  from  the  blood  of  a.  dog  con- 

taincd  from  07  to  0'9  per  cent,  of  ash,  more  than  half  of  which 

istcd  of  peroxide  of  iron ;  plioaplioric  acid  was  al&o  prcscut  in 

itdcrable  proportion. 

Gtobu/in, — The  fflobuiiii  with  wliicli  the  htcmatin  Is  combined 
bftS  already  been  described  (t4_';o)  m  a  compound  bearing  a  strong 
analogy  to  alburaeo ;  it  is  contained  in  a  »tntc  approaching  to 
purity  iQ  the  cryfrtidlini:  lens,  and  it  constitutes  the  most  abuudaiit 
iugredicnt  in  the  blood. globules. 

The  comliiiitition  of  globulin  with  htcmatin,  or  luBmalo-globiilia, 
vhieh  is  present  iu  the  red  curiniaclea,  is  very  readily  acted  ujion 
^iV  OKvgcu,  and  hy  many  other  ga.-'ea,  and  is  conc-urued  iiitiniat«]y 
vith  tlic  ehnngCM  produced  in  the  blood  during  the  prucc^s  of 
respiration,  Oxygen  gas  is  absorbed  by  the  red  corpuscles  when 
suspended  111  the  scrum  or  when  di»w>lvc'd  in  water,  the  liijuid 
Buumiiig  a  brilliaiit  red  colour,  whilst  a  discn^agemeut  of  carbonic 
acid  gas  occurs.  It  ia  owtug  to  tliiii  action  of  oxygen  that  the 
[Upper  portion  of  the  eongulum  iu  venous  blood,  which  is  the  part 
bnoBt  exposed  to  the  action  of  the  air,  is  of  a  brjj^hter  red  than  the 
Sower  portions  of  the  clot.  Carbonic  acid  is  likewise  ab^orbetl  by 
;tbc  red  particles;  tbcir  colour  then  becomes  changed  to  a  dull 
Jturple,  but  the  brilliauey  of  Uic  red  hue  may  be  r«»lori;d  by  further 
Eexpusure  to  the  action  of  oxygen :  many  saline  solutions,  Dtich  as 
itbofic  of  nitrate  of  potash,  also  restore  the  red  colour,  aud  a  similar 
idTect  may  be  obtiiincd  if  syrup  be  added  to  the  liijuid.  The  solu- 
Clion  of  tho  colouring  matter  in  water  al»o  Gxpcricncet  Mmilar 
Boodifications  in  culour.  Sulphurelteil  hydrogen  causes  the  colour 
BO  pass  into  a  dull  green,  and  the  red  hue  cannot  he  afterwards 
[reatoreil.  Protoxide  of  nitrogen  colours  lisemato- globulin  purple, 
[uid  oxygen  reproduces  the  scarlet  colour  in  blood  which  \\aa.  been 
[ihus  acted  upun.  Sulphurous  acid,  aud  ncid  gnu»  iu  general, 
Barken  it*  colour,  which  is  again  restored  by  osygen.  Admixture 
hrith  aaliue  solutiona  also  restores  the  red  hue  to  blood  whioli  luis 
IbecD  darkened  by  sulphurous  acid.  Prom  thc»e  factn  il  U  obvious 
Btiat  heemato-globulia  is  a  compound  extremely  prone  to  change 
■mder  tlic  inOucuce  of  many  reagents. 
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(1477)  3.  CuvLE. — The  term  chyle  is  &|i|>licd  to  tlic  liquid 
derived  from  the  nutritive  portion*  of  the  food,  which  arc  aWiHimI 
from  the  tuner  surfice  of  the  intestines  by  a  skI  of  vewel*,  termed 
the  lacUula,  wliich  pour  their  oout«i)ts  into  one  large  Hburbcnl 
trunk,  called  the  thorade  dud,  bjr  which  the  chyle,  as  fast  a»  it  u 
supplied,  i«  emptied  into  the  genernl  current  of  the  rirralation. 
The  chyle  ilitfcrs  in  its  qualities  iiccordiug  to  the  nature  of  the 
food  which  has  been  taken,  and  according  to  the  aittiatioa  ia 
which  it  is  eolioctcd  for  cxnmiiintion.  When  removed  from  the 
body,  it,  in  the  cuursc  of  a  ftw  minutes,  undergoes  a  spoDtaceuin 
coagulation,  owing  to  the  presence  of  fihria.  In  this  res|>eet  ebyle 
diif^  from  nil  the  other  animal  flnids,  except  the  blood  and  Um 
Ijiaph. 

Chyle  ia.an  opalescent  fluid,  c^  a  yetlowtsh  white,  or  p&Ie 
rcddiHli  colour.  It  hns  a  vomewliat  saliuc  ninwki»h  taste,  and  a 
very  feebly  alkaline  reaction :  it  is  generally  more  or  le^^  milkr, 
from  its  holding  in  su»peii»ion  minute  granules,  and  ([lobules  of 
&tty  matter;  this  milkinc^s  le  particularly  o1»>cn-ablc  uhen  tlte 
food  has  contained  much  fat.  Chyle,  when  boiled,  generallj 
posits  a  few  albuiniuoua  tlocculi.  Few  satisfactory  opportut 
have  occurred  for  examtniug  the  comiiosition  of  human  cln-( 
The  proportiou  of  tibriu  coiiuined  in  the  chyle  of  the  lower  am- 
mals  is  sabjoct  to  considerable  lluctuatioua.  In  the  rhyle  oTa 
liorse  it  wait  fnund  hy  Simon  to  amount  to  0*44  part»  jx-r  crut 
in  ttiat  of  a  CAt  Nnsac  found  0*13  parts  of  flhriii;  and  R4 
fonud  0*37  parts  of  fibrin  per  cent,  in  that  of  the  a«s,  U1 
collected  from  the  lacteals,  I>orore  passing  tlirongh  die  mewent 
glands,  cLylc  frequently  doe«  not  coagulate  (pontaneously,  ai 
the  coagulation  only  occurs  fully  in  that  token  from  tlie  thoracic 
duct. 

It  has  been  observed  that  the  qnantity  of  librin  is  greater 
animnU  from  which  the  chyle  has  been  collected  while  fnstii 
Tlie  quantity  of  fibrin  iu  the  chyle  is  also  increased  after  paaaiig~ 
through  the  mesenteric  glands,  as  though  a  coosiderable  portion  of 
fibriu  nere  added  ddriDg  its  transmi»tion  thruugh  tlics«  orfrans.  It 
appears  not  to  be  improbable  that  the  olbumiuou*  matters  arcgra- 
dually  converted  into  fibrin  during  their  passage  through  the  VL-nels, 
iu  the  same  way  that  nibumen  id  formed  whilst  the  alimenta  are 
passing  from  the  stomach  through  the  smnll  intestines ;  since  the 
quantity  bf  fibrin  iucreases,  the  nearer  it  approacbeB  to  the  pgil 
where  the  chyle  empties  iti<elf  into  the  gcDcral  moss  of  the  circt 
ing  fluid.  A  few  blood  cor|>uscU-s  arc  found  floating  iu  ibcdi] 
tt  lieu  ll  \\wt  rcac\wi  1.V  OBotwaa  ii>w\-,  imoA,  «W:u  tjch  ed  W 


STMPK — MILS. 

■rnimles  are  seen  in  suspension, 

'^i^Im,  rcsembliug  those 

>)»)(»  of  fat  me 

,  ilio  com  position  of 

(itf  more  dilute  ;  th& 

:ltc  horse  Tarring  from 

rii^s  w  higti  as  2  2  per 

lion    of  alhiimen,   wbiHi 

'  ity  varying  from  i  to  5  or 

.  iitaiucsl  a  larger  ursuallcr 

■  tiylc,  on  exposure  to  the  air, 

o^itir,  atut  tliiis  approximates  in 

:  >  tho  blood.      Tlij 8  colour  hccomos 

'V  llie  liqnid  has  passed  tbroiigli  the 


PJib  ii  a  colourless,  or  yeltoniiOi  fiiiid, 

alknUuc  reaction.     It  isprocurcrl  from 

owing  to  tlie  diiBcul'.y  of  obtaining  it 

lieeu  but  imperfectly  examined.     It  is 

rr  saimiil   fluids,  except  tbc  blood  and 

etice  of  fil>riii   in  Milutioii ;  in  coii^ttjiiciico 

iu  a  few  minutes  alter  it  bos  bccu  with* 

fjand  forms  a  scanty  colonrlcas  coaguUnn.    The 

IU    lyrupli    from   tin;  liumnii  body,  otiLtiiied  iu 

been  found  to  be  bi-tweeu  0*3  aud  0*5  per 

it  varied  from  0-04  to  o'^j  per  cent.     The 

an  in  litiiiiait  Irmpli  i*  9itat«d  to  vary  from  0*4  to 

:  in  the  latter  case  it  is  not  improbable  thai  the 

witb  effused  serum. 

liLK. — This  important  secretion  is  produced  by  the 

ad  of  the  female  auimul  of  the  order  Mammalia,  after 

0  youug:   from  tlic  cirouoictancc  thut  the  milk  con- 

atire  food  of  the  young  animal  for  many  months, 

high   degrre  of  |iliyaiuliigical    inlcretit  in  rclatiou 

«f  fvod,  Olid  to  the  processes   of  nutritiuu  uiid   of 

juid  of  a  irell-knunn  yellowish,  or  bluish  ithiie 
i*  produce<l  by  the  prcwuce  of  a  large  quantity 
[IU  atwjjeiuion.     Jl  baa  a  sweet  lu»lc,  a  A\i^^Wl 
id  ill  uotOMi  and  the  lieibivora  \\  "bsA  «>  ^ci^A's 
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nlkaline  reaction:  in  the  carnirora  it  is  eliglitlj'  acid.  "WbeR 
allowed  to  alaiid  undisturbed  for  a  Tew  titmrs,  tbe  greater  put  oi 
the  fitttj  matter  riaes  to  the  surface,  aiiJ  form*  the  l«jrer  whtch 
coDstitutc*  cream.  When  viewed  by  thu  microscope  in  a  ntj 
thiu  Inycr,  milk  aiipcans  to  he  tnns|)areut :  it  coutai»s  s  Large 
number  of  hij^hly  rcfrncting,  traiiBparcnt,  oiK  globules  flu&tiu*  ii 
I  tran»parcDt  lit^uid ;  tbc«c  glubtilcit  are  contained  io  a  very  tbii 
inri-^itiiig  membrane,  which  is  not  visible  till  the  milk  is  treated 
witli  dilute  uoetic  acid.  Agilatlon  of  the  milk  with  ether  docs  not 
diiwive  the  fat,  but  ifa  small  quantity  of  pota»h  be  added  to  milk, 
and  it  l)c  then  shaken  up  vith  ether,  the  fat  is  com(dftcly  dift- 
solved,  tlic  ))cllicle  which  cnvelopca  the  globules  having  been  te* 
moved  by  the  action  of  the  potash. 

The  object  of  chnrning,  in  the  preparation  of  butter  from 
eream,  is  to  break  up  meehaiiically  the  little  saccuU  which  eucloM 
the  oily  matter,  and  thus  to  facilitate  the  (i^lomeration  of  tbc 
fatty  particles  into  nia»»es,  and  to  favour  the  icparatioo  of  tbe 
liquid  conatituentv  nkieh  cuter  into  the  formation  of  the  6ittltr' 
tuiH,  The  more  completely  the  nlbumiuouH  and  cosoous  matten 
are  washed  away,  and  the  more  eompstetly  the  butter  is  pressed,  the 
lou^r  may  tbc  butter  be  prcscrred  witliout  becomuig  niiicid,  mdcc 
the  caseous  matter  act»  a*  a  ferment,  which  speedily  effects  a 
partial  decomposition  of  the  fat.  The  addition  of  talt  to  tbc 
huitcT,  by  retarding  the  decomposition  of  the  azotiscd  matter, 
preserves  the  fat*  unaltered  for  a  ooiwidcrahle  period. 

In  addition  to  oily  matter,  milk  contains  two  other  chirnc- 
teristic  ingredients,  vis.,  niilk-nugar  and  casein.  Inth  of  which 
ai«  held  in  solution.  Albunu-n  Ik  ah»ent  from  tliis  aalution  iotti 
ii«uat  condition,  hut  it  is  abundant  iu  the  ^o^M/rftin,  or  milk  which 
u  first  produced  after  the  birtli  of  the  young  animal.  The  quautlj 
of  albumen  in  the  eoluntrum  of  tlie  cow  is  00  considerable,  tfast  it 
coagulates  when  heated.  Ttie  oolo»trum  is  denser  than  iiortnal 
milk;  it  lias  a  yellowish  colour,  and  approaches  serum  in  quality. 
It  is  worthy  of  obscn-atiou  tbnt  the  sugar  contained  in  milk  iaof 
a  kind  which  does  not  undergo  alcoholic  fcrmetitution,  and  coose* 
queiilly  is  not  liable  to  produce  an  erolntiou  ofculmnic  acid  during 
digestion,  so  thai  distension  of  the  tender  stomach  and  intc&tiua 
of  the  young  animal  from  thi»  cause  is  guarded  against. 

Tlie  salts  contaiucd  in  milk  eoutist  of  the  chlorides  of  aodiuni 
and  potafsium,  of  phosphntea  of  the  alkalie9>,  and  of  a  certain  pro- 
portion of  soda  and  putn^K,  which  are  combined  with  the  ciuteiu 
«H(1  confer  aoluhility  u^u  it ;  in  addition  to  wbich,  phosphates  of 
Jime  and  of  magnesia  wc  iAw>  lowA.  \vi  TOv\'»)3«.whle  qjooutitj. 
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Tne   SALIVA. 

plicMpliates  are  essential  to  tlte  development  of  the  bones  of 
oung  uitDiaJ.  A  miuute  quautity  of  oxide  of  iron,  amount* 
lOOnrding  to  HsiilU'n,  to  0*47  per  cent,  of  the  entire  umonntof 

ilfio  found  in  milk.  No  sulphatea,  lantates,  or  salts  of 
nuft,  are  present  io  frc^h  milk.     Tlii;  iitiantity  of  salts  Touufl 

s  milk  usitally  amouats  tosbout  o'7  por  cent.  Id  n-om»D'a 
U  b  about  02  per  cent.  The  compositionof  milk  varies,  not 
io  the  diOereat  i[)ecies  of  animals,  but  also  in  the  same  auiinul 

T«Dt  periods  of  lairtation,  the  projiortiou  of  buttor  being 
M\y  Viable  to  fluctuation,  and  being  greatly  under  the  intlu- 
of  diet:  it  also  appcan  that  the  milk  lust  yielded  during  the 
r  milking  is  the  richest.  The  following  table  comprises  the 
of  the  anftlyaia  of  100  parts  of  inilk  in  various  species 
•i,  and  will  give  an  idea  of  the  gcnuml  nature  of  this 


1      n.  iiiiimnla  of  Uilk . 

ICcilUB, 

On. 

Oort.  1     Ah. 

Sbaqi. 

Bit«h. 

^Hsd  Mhible  »1U  .     . 

88-6 

4'9 

3i) 

87-4    [sao 
4'0       4'S 
&-0       4-5 
3'6       90 

856 

4"5 
4'» 

5'T 

(56-3 
14-B 

i6'o 

^^L^                 (ftwa 

1-030 
'■034 

;s}-^' 

f  foa.i 

'035 
l«4l 

'OSS 

tpoatancons  nitidilication  of  milk   vhen  ke[>t,  and  the 
cunlliug  of  the  milk,  as  well  aa  the  action  of  acids 
in    con^fulatlug    milk,  and  tlic  effect  of  varioiis  ueutrul 
'the  eartlu  upon  thin  li([uid,  hnre  ulrcndy  bccu  oicntioucd 

"453)- 

B.  Liijuida  concerned  in  DigeMion. 

I.  The  Saliva. — This  secretion  is  poured  out  by  the 
id  other  glands,  the  ducts  of  which  empty  thcmsclrcs 
cavity  of  tlm  mouth.  It!t  ohief  u^  appunrt  to  he  to 
and  moisten  the  food,  and  to  facilitate  the  act  of  doglu* 
The  salJTa  Tariea  in  composition  considerably  in  different 
.  Io  roan  it  is  an  opitlcsceiit,  soinewhtit  vinoid  lii]ui(),  which 
rcmarkahly  on  agitatiou.  The  quantity  of  tixed  solids 
it  cuntaiua  in  solution  was  found  by  Lchmann  to  lie  hctweeu 
and  o'R4i  |)cr  c«uL,  but  it  Iin»  licvn  ob«cr\'C(l  n«  high  as 
Mnt.  In  the  dog  the  solids  amount  to  about  roj,  and 
'  -  to  I  \xr  ct-nt.  In  addition  to  epithelial  particles 
,„^  laitcuH  derived  from  the  month  itself,  the  saliva  coutaiua 
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a  peculiar  orgniuc  priuciplc,  termed  ptyal'w,  nfaieb  rctemUs 
albumiuate  of  tctU,  and  wbich  in  very  prone  to  putrt^Ktioo. 
Ptjalio  (X>n»titiitca*  nSotit  oue-tliird  of  the  lolittile  solttls  of  tlie 
salivH.  It  is  ebamctcriicd  by  its  power  of  eoaTCrtlng  Btarcb,  erm 
in  tbe  granular  form,  into  destrin  and  into  sugar. 

Tbc  uJivft  in  bcallb  ba»  a  feebly  alkaline  reaction  ;  itc  illu- 
liuit}-  i»  tucrcased  during  mimtication,  nnd  diminiabcs  after  tbc 
jjrucei^  uf  dit:c«tion  i»  coinpleti:d.  In  infUmmatonr  aflectioDS  of 
the  pritna  via  tbc  Nilivu  15,  bowercr,  generally  acid,  imd  the  wmo 
Tnct  bos  been  obwrvcd  in  rsrioos  other  forms  of  tuBamcnatMjr 
disease.  The  i&organic  confltitiieiit«  of  the  aaliva  coiiRi»t  of  »0(U, 
and  snita  of  pataah  and  sodii,  witb  a  ooiisdcrablu  quantity  of  the 
salts  uf  liiiii^,  wliicb  ia  deposited  from  tbe  saliva  of  many  aiiitoib 
{the  borae.  for  cxnmptc)  in  the  form  of  crTttaltiEcd  carboniti; 
when  the  nccrction  in  exposed  to  tbc  air  and  allowed  to  abaorti 
carbonic  aeid.  It  likewise  occasionally  contaiaa  lactata  of  tlis 
alkaliea.  Salii'8  also  always  containii  a  small  quantity  of  [ili'w- 
fibate  of  lime.  This  phosphate  of  lime  mingled  with  a  variablr 
proportion  of  carbonate  of  lime  and  of  salivary  inucuH,  constitntn 
those  caleulous  concrctioiw  which  sometime*  form  upon  tbe  teeti, 
and  are  kuowti  u  tartar.  Minute  cpiantitica  of  sulpboeyaniile  of 
potassium  arc  also  pretent  in  tbe  saliva,  as  may  be  proved  by  tbt 
red  colour  which  it  ^-ielda  on  the  addition  of  a  dilute  solottOB  of 
the  perobloridc  of  iron.  When  sulphur  has  been  taken  medici- 
uolly,  \V right  found  tlic  quantity  of  the  sulphocyaoide  to  be  coa- 
wdcrahly  increased.  Tbe  sulpbatea  are  almost  entirdj'  abseat 
from  the  ash  of  salivA. 


« 


(1481)  3.  Tub  Ga)>tiiic  Jvics. — Tins  important  sccrrtioa  ll 
the  principal  agent  in  ejecting  the  digestion  of  tbe  albnminoid 
portions  of  the  food,  but  it  excrta  scarcely  any  action  upon  the 
atarcby  and  fatty  constituents.  The  gs«trlc  juioe,  as  its  name 
implies,  is  [Mured  out  from  tbe  lining  mcnbraue  of  tbe  atoma^ 
lu  coupDsitiuu  varies  at  different  times,  in  consequence  of  irbi>.'fa|, 
when  obtained  Irom  ao  empty  stotnacb,  its  reaction  upon  li' 
pajicr  is  either  neutral  or  slightly  alkaline ;  but  after  tlie  inge»t 
of  food  into  the  atomoch,  it  is  always  acid.  In  this,  which 
be  ODUsidcred  its  uonnal  state,  the  gastric  juice  is  a  clear  colour- 
less li<iuid,  which  has  a  peculiar  odour,  and  a  slightly  saline  anil 
acid  taste.  It  does  not  becooie  turfaid  when  bailed,  and  it  ft 
remarkable  for  its  antiseptic  powers.  It  may  be  kept  for  man; 
days  at  100''  F.  nithuut  exhibiting  any  tendeucy  to  bceomo  putrid. 
The  uatuTc  ot  iVe  vsA  cotLVrnvod  iu  the  gsstric  juice  liw 
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lUtcd,  sooio  chemisU  raaiii tuning  trith  Praut  that  it  U 
drucliloric,  others  w!tli  BlumJlut,  thiit  it  coiuUta  of  phusjiliuric 
form  of  superphosphate  of  lime,  and  others,  that  it  ia 
of  lactic  acid.  In  tnith  it  appears  gencraJ)^  to  consist 
uxture  of  hydrochloric  and  lactic  acidat.  The  principal  saline 
n  pn%ent  are  caumoD  ealt,  vith  small  <Liisutiti<>a  of  the 
idu  of  calcium  and  of  magnesium,  lactate  of  mdn,  and  traces 
Nph«t«  of  lime  and  of  iron.  The  quantity  of  phoaphatc  of 
b  very  amnll,  and  the  sulphates  and  phosphates  of  the  alkahei 
bioiiC  entirely  wauting.  In  addition  to  th(-»e  hodic^j  how- 
the  gastric  juice  contaius  a  stnull  quantity  of  «  peculiar 
ic  compound,  which  has  been  termed  pepsin,  to  which,  in 
tctiun  with  the  Tree  acid,  the  remnrkahle  solreot  aud  digcs- 
tmn  of  the  gastric  jnioc  arc  owing. 

I^^i  is  an  alluiminoid  hod^v,  aolulile  iu  water,  hut  insohihlo 

HRl.     It«  niiucoui  Bolutions  are  pi'ecipitated  by  corrosivu 

late,  by  salts  of  lead,  and  by   solutions  of  tannic  acid. 

hoiled  it  loses  iti  peculiar  power  of  efTecting  digestion.    An 

iel    gastric  juice,  which  acts  a«  n  solvent  upon  muscular 

boiled  eggs,  and  albuminoid  siil»tanc<:s  gcDcr&lly,  may  bo 

iin)  by  digeatiitg^  the  »iiicnn»  monbraiic  of  the  storaach  with 

D  but  very  dilute  solutiou  of  bytbmihtoric  acid.     Such  a 

ta»  if  raaintaiued  at  a  tccaperature  of  loo'*  P.,irill  in  the  course 

I  or   i.-iglit  hours  dissolve  piece*  of  haril-f>oiled  c^g  and  of 

but  the  solutions  thua  obtained   do  uot  coagulate  on  the 

■tion  of  heat.     'Fhey  contain  what  Front  term»  Uuipient 

m,  which  docs  not  acquire  its  ortliimrv  properties  until  after 

been  subjected  to  the  action  of  the  pancreatic  and  biliary 

■KM.     Iu  [wcparing  this  artificial  digestive  liquid  the  mucous 

nmc  of  the  Btomnch  of  the  pig  is  giiicrally  employed  as  the 

I  of  the  pepsin,  the  most  active  portion,  being  the  gUndtdar 

eitcuding  chiefly  along  the  greater  curvature  towards  the 

tltc  appendix  to  Lebmann's  work  (i-ol.  iii.  p.  503),  it  is 
00  the  authority  of  tirueuewaldt,  who  had  an  opportunity 
king  eX|%riQicuts  upon  a  womna  snlTcring  from  a  gastric 
,  that  thu  quantity  of  the  gastric  juice  secreted  iu  tnciity- 
van  amouutod  to  the  euonuous  quantity  of  31  lb,;  but  the 
-  pLirtiuo  of  this  liquid  was,  of  cuun>c,  rc-aheurbcd  by  tho 
»  Hui-lncc.  In  thin  case  the  gastric  juice  was  carefully 
xl  by  Schmidt.  The  following  arc  his  results.  It  had  a 
of  r020.  When  heated,  it  emitted  an  odour  of  butyric 
■ajouic  acids,  and  was  found  to  contain  in  1000  parta: — 
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W»lcr        ......  q^it 

Trp»in 

So^r,  fctbammatw,  Uctic  and  butyric  utdA, 
■ad  aKnnoDia  ....    jjSr^i 

Cblonde  of  potawom  0^ 

CUoode  of  Bodian      ....      416 

Vat»A 017 

Pho«|i]wt«  of  Hmo        ....       l-cj 
Pbee|i)ttl«  of  magDCsiA  o'4; 

Plnipfaftto  of  iruu         ....       o'Ol 

No  free  b.rdrDcbIonc  acid  was  foond  in  thu  kiiilf 
vkcD  tlw  etoDuch  of  tliis  p&tieiit  wu  irriUtcd  by  intrviii 
inrtid   of  mastickted   food,  £roc  bydrocliloric  add  wu 
tnm  the  gutcie  jaioe,  which  was  Beeteted  unmixed  vitb 

Sdimidt  found  the  qiuntilr  of  free  liyilrocUlunc  ■: 
gastric  jaioe  of  dogs,  when  anmiscd  willi  salifiL,  to  atounat 
0*14^  to  0*423  per  cent.     Small  quantities  of  dilaridf  o( 
tthuo  irere  also  present  is  it. 

(1481)  3.  The  Favckkatic  Fllmp. — The  Mcretioo  I 
pmcreai  tcsembles  the  saliva  ia  aome  re^)ecta.  Il  bu 
line  Ractioa,  and  paticfics  rapidly.  It  possesses  t1>e  p 
neehahfying  starch  in  in  cniiaent  degree.  *a  llial  itai 
in  SD  important  manoer  in  the  asaimUatioa  of  tb 
partioa  of  the  food,  which  is  not  rcmlerol  hMA 
■etioa  of  the  gastric  juice.  Keniard  cnmtiJisn  that 
diief  functions  is  to  aid  in  the  animilation  of  fatty  lu 
bat  the  inTc^tigations  since  made  in  Oermauy  by  fcros 
aad  cipcneoeed  obscrrcrs  have  throvn  some  doubt  11 
aoeoncy  of  this  riev.  It  is,  hoverer,  certain  that 
floid  faraiabes  a  tery  perfect  emulsivtt  when  aj^taCcd 
it  has  been  fopnd  that  siicb  an  cmidaiou  ootitiniiM  to  h1 
lanM  twlkf  appearance  if  led  at  rest  for  dficcn  nr  t« 
ITtuler  these  cucamstancea  the  pmuUion,  which  at 
■IkaUnc  reaction,  generally  becomes  acid,  and  hutrric 
ToUtile  acids  are  fboDd  in  the  liquid.  The  liquid  from 
creas  geaemtly  bcoomcs  ooagulatctl  wheu  heated  ;  it  ta 
feir  secretions  which  ooutaiiis  albumen  in  tlic  miIu 
proportion  of  albumen  baring  been  fannd  by  T^i 
OnidtD,  iu  some  cm»es,  to  amount  to  4  per  cent  nf 
liquid.  Tb*y  also  ascertained  the  prev-ncc  of  »!b« 
acereticM  in  the  horse,  the  sheep,  and  the  dag. 

(1483)  4.  Mocta.— ^tW«  <-c,Vsv^'>i.v  -iT  vt,,.  i^u  »ii^\i| 
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nicate  with  ttie  extcninl  surfRCc  Rrc  lined  irith  n  peculiar  kiud  of 
membraui*,  iliHtingiiislicd  as  the  mucous  membrane.  The  miiteml 
of  which  these  membranes  consist  appean  clo<^lv  to  resemble  albu- 
men in  it*  ciKit^uIated  state,  but  it  U  covered  with  a  pavement  of 
nuflcated  e[nthelium  celU,  whic)i  are  ooiitiriuany  und(!rgoiii^  Kr^luaJ 
dieintegmtion  a»d  solution.  A  tough  viscid  secretion,  temcd  mucM, 
connlAntlv  bathes  the  surface  of  these  mctn lirancs.  In  this 
secrctiao  the  epithelial  particles  can  be  traced  in  difTerent  stages 
of  disintegration.  The  ehajTictera  of  m«cus  differ  greatly  with 
the  surfncc  from  which  it  is  obtaiaeJ  j  but  it  usuallv  assumes  the 

I  appearance  of  a  tongh  glairy  Rcnii-transparciit  mas»,  vliich  swells 
up  in  water,  but  is  not  dissolved  by  this  liquid.  To  the  substance 
which  gives  it  this  glairy  coiisiBtciicc,  the  name  of  mucin  has  been 
applied.     ^Afiicin    is   ttimcil  yellow  by  nitric  acid  ;  but  It  diff'crs 

^from  albumen,  since  its  solutions  arc  not  precipitated  by  corroKire 
sublimate ;  it  is  aUo  not  precipitated  from  its  add  solutions  by 
ferroeyaiiide  of  potassium  until  nfttr  the  add  solution  Las  been 
boiled.  Tlic  mucus  from  the  aiirfaoe  of  the  alimentary  canal  and 
its  appendages  Is  coa;;ulated  hy  acetic  acid  aud  weak  acids  in 
general,  but  it  is  soluble  in  alkalinu  solutioDs.  The  mucus  from 
the  surface  of  the  urinary  organs  is  dissolved  to  n  certain  extent 
both  by  acids  and  by  ulkalies.  Both  forms  of  mucus  arc  immc> 
diately  coagulated  by  alcohol^  and  the  secretion  presents  many 
ehnrsrters  rrRCmbling  those  of  a  »olutioii  of  albumen.  Alkaline 
clilorides  nre  abundant  in  mucus  from  the  nose ;  and  the  phos* 
phates  of  t)ie  alkalies  and  small  quautitiesof  the  phosphates  of  the 
earths  mtc  also  present. 


(1484)  j.  The  Bile. — This  important  secretion  is  produced 
I  from  vcooos  blood  by  the  liver,  and  in  most  animals  proTisiou  is 
ladc  for  its  acnimnlation  in  a  sar  connected  with  the  gland, 
crmcd  the  gali  biadder.  When  taken  from  this  receptacle  it 
oonstitulcs  ffali,  or  cyglic  bite. 

Human  bile  is  a  ropy  liquid,  of  a  yeHowish  grem  colour 
(when  conocutratcd,  but  of  a  bright  yellow  when  diluted.  It  has 
ft  peculiar  musky  odour  and  a  bitter  taste.  When  poured  into 
water  it  sinks  to  the  bottom,  and  does  not  readily  rais  with  it, 
hut  it  may  Ijc  mixed  with  it  by  agitation,  and  it  then  forms  a 
Kqntd  which  froths  strongly,  like  a  solution  of  soap.  The  viscidity 
of  the  bile  is  owing  to  the  presence  of  a  quantity  of  mncua  from 
the  gall  bladder,  which  It  holds  in  solution.  Owing  to  the  pic- 
Bdioe  of  this  mucus  the  bile  is  very  prone  to  putrefaction  }  hut  if 
the  mucus  be  got  rid  of  by  coagulatioii  with  acc^t  &wl4,  mA  ^X'w*.- 
Ji flj 
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tion^  or  otherwiec,  lh«  bile  may  be  preserved  witliout  decocaposiUoD 
for  Mrne  time. 

Os  bile,  owiiig  to  the  focilitj  with  wliicU  it  iniiy  be  procurvd, 
itt  tlio  variety  whicb  Itim  bcvo  cltieily  exiiiniiied.  It  liaa  uaiuillj 
a  «{>.  gr.  of  iibout  ro26,  aiid,  aocordiug  to  Benelius,  it  coutaioi  the 
following  ingredieuts  in  i  co  parta : — 

Water 90'44 

Biliary  tad  fatty  bodies   ....       S'OO         

Mucua 0-30 

\V«tcry    extract,    chlorides,   phoeO 

phatw,  and  lactates     ...    J  ^ 

Soda o'4i 

No  albumen  i»  present  in  the  bile,  but  its  oi^auic  con»titaefit( 
cOQtdn  a  small  pcrceut::i;^e  uf  tiitrogcn.  It  al»ocoiiUiius  sulphur 
iu  notable  quantity.  It  is  rumnrkablc  that  tbc  raits  found  in  tbc 
bile  of  fait- water  liitlica  cou.«i4t  almost  excliHirdy  of  those  of  potaiki 
while  the  salt*  of  the  bile  of  fre«h.watcr  fishes,  and  of  the  bcriri- 
jrora,  cottsist  chiefly  of  those  of  soda,  altliougb,  from  the  circiim- 
inccs  in  which  tlio  two  clasKS  of  uuimaU  are  placed,  the  Of^mile 
esults  might  have  I>eeu  antiei|iated. 

Owing  to  the  facility  with  vthich  bile  uudergoes  dooompon- 
tion,  the  statements  of  the  earlier  clicniiets  who  oxamiucd  tkii 
Itqaid  were  contradictory  ;  but  the  masterly  resenrchea  of  Strwler 
hare  at  length  removed  all  doubt  respecting  the  true  nature  of  tfw: 
biliary  secretion.  Tbc  rcaiilt  of  these  iuve«t!gations  has  been  b 
show  that  ox  bile  may  be  n^ardcd  a^t  a  species  of  soap  formed  bf 
tbc  combiniitiou  uf  two  peculiar  resinoid  acids  with  mmIo.  Boti 
of  these  resinous  acids  (the  glgcodtoftc  and  the  (aurochoHt)  con- 
tain nitrogen.  The  taurocholic  acid  alu)  contains  salphur,  Inl 
the  glycucliulic  acid  \&  free  from  Ibis  clcmcut.  Ox  bile  tHao 
coutaius,  in  addition  to  the  muats  of  the  gait  bladder,  miavte 
quittititictt  of  cbolc^ti^riii,  and  a  small  araouut  of  »tearii-,  oleic,  SiXl 
lactic  acid»,  uuitcd  with  |X>lasb  and  ammonia.  Besides  these  ub* 
Btances  a  peculiar  colouring  matter  is  found  la  combiuatiuD  «itk 
au  alkaline  haa<>,  and  a  smnll  proportion  of  a  body  called  tedtki^ 
by  Strrcker,  vrliich  is  churacterizcil  by  yielding  oleophoiipbdtic 
acid  when  boiled  with  hydrate  of  baryta. 

(i4S_5)  GliftwMHc  Acid:  [Chvlic  Acid  of  Strccker;  tit 
^-M^'ja**''^!!)- — This  acid  constitutes  the  principal  portion  of  tht 
resinous  matter  of  ox  bile;  it  forms  white,  Tolumiuous,  siUyi 
Hcicular  crystabtj  wliich  shrink  much  in  dryings  it  is  spariagl) 
soluble  in  cold  wuter.-tnoft^  ^tec\^  «o  in  hot  water;  the  aulotin 
oa  cooling  deposxte  ct^*\As,  ■is\\\OEk  W'Sft*Aiv\viTi^««xsc>.Aa«tc. 
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f%o}  dtwoira  It  frcrlv,  but  leaves  U  as  a  rttaitioas  mats  on 
Mioii :    it  ie  rory  sparingly  aoliibJe  in  etlier.     The  *iilts  which 
irith  thr  alkalies  and  tlic  eArlhs  may  be  cryatallixed ;  they 
Mile  in  aUx>liol. 

iljreoohotic  acid,  when  boiled    with    csceiit   of  nn    sikaliae 
nicfa  a»  solution  of  baryUi,  undergoes  a  remarkable  dccom- 
the   whole  of  the  uitrogcu  is  ecparatcd  in  the  form  of 
which  remains  iu  (he  Boliitiou,  and  a  new  resinoitl  ncid, 
iric  acid  of  Bemar^ay  {cholalic  acid  of  Streckcr),  is  Iband  in 
tatioa  with  the  Iwrytit ; — 


O^WMMkHtl. 


CholtUarhftrrlk       Sljmriaa. 


B0,C„H„N0„+H0.B«O  =  BtO.C«H»0,+C,U.NO,. 

,  detncntsorglycocholic  acid,  with  those  of  two  equivalents 
r,  contain  the  rlemcntii  of  cholic  ncid  ntirl  of  glycocincr;  so 
dccoiniKMitioii  of  glycocbolic  acid  by  itlknlie«  1$  aniit<^ona 
hippuric  acid,  by  acide.  If  glycochoUc  acid  be  Imiled 
It  it  gradually  loiten  water,  and  becomcii  convcrtrd  first 
ionic  acid  (C^iHj,NO,(J,  and  then  into  glycot:iue  and 
aeid  (C^IIjgO,  ;  1487],  and  tbo  latter,  by  a  further  loss 
ttittr.  i*  iiltinofttely  converted  into  dtfils^gin  (C^H^O^. 
(Soluiiont  uf  llie  neutral  acetate  of  lead,  of  corrosire  subli- 
,iiad  of  nilrato  of  silver,  produce  no  precipitates  in  an  aqneotis 
of  glycochotio  acid.  The  vnlts  which  it  fornix  with  the 
arc  ulso  uniifTcctcd  by  solution  of  chloride  of  barium ; 
liScy  nrc  precipitated  nbea  mixed  with  solutiona  of  the aalUi  of 
of  Irnd,  of  iron,  and  of  silver.  The  Kilvcr  prccipitAtc  ia 
*h«i  u^Iiilile  in  lioiliiig  watvr,  and  crystallixes  an  thi>  soliiCiou 
Acetic  aud  other  acids,  when  added  to  the  &olutioD!>  of  the 
liliulales,  decompose  them,  and  throw  down  the  ncid  in  the 
of  a  resin.  (Hyctxhotate  of  goila  (NaOjCj^II^yO,,)  may 
btwned  in  oryittals  by  the  addition  of  three  or  four  times  Its 
ilirr  to  its  alcoholic  suhilioUf  but  it  doc-*  not  cry«tallizo 
^  <  .  vTAter  or  fnmi  alcohol ;  it  fu<4eH  cosily  to  a  n«iuouii  mass. 
■  eryatala  hare  a  Tcry  chamcteristic  form  ;  they  consist  of  sii- 
»■  '  i-c,  nitli  the  ends  obIi(jnc1y  truncated.  The  criftfailized 
t  :  iicr  consists  of  amislure  of  tlie  glycocholates  of  potash 
B«odn. 

M^^MTttlioH. — filycocholic   acid   is   not  obtained  pure  without 
^^■able  diiboiilty.       Kcoeiit   ot.  bile  is  evaporated,  and  the 
^^■u  dried   at  &  temperature  of   250°;   after  which  it  is 
^^B  wTth  imM  nbjujiute   alcohol.      Tlie  votutiuTi  thus  o\^\:9.\w«\ 
H^dj  aud  ether  19  graduaily  added,  by  wbicb  mcu»  u  \vfO'«ivv 
I        tUMJia  h  xjaratcd.     As  soon  as  the  ^i ^^-^^  ^^" 
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posited  most  of  tbe  colouring  matter,  it  i%  d«cante(1,  aud  tbe  gljeo* 
cbolatcs  of  soda  and  potasb,  vbich  are  stiU  retained  ia  solution, 
are  precipitated  by  lUe  fiirtlier  nddition  of  ctlier.  TTic  Itquid 
becomes  milkv,  a  further  stparatiou  of  a  rexiuoid  sutwiaooe  oocun^ 
after  wliich  tlie  glycocholates  arc  gradually  dcpo«ited  in  tbe  form 
of  atvllntc  iufis  of  needle*.  These  crj'^talti  miist  be  washed  witb 
anhydrous  alcohol,  containing  one-tentli  of  itH  weight  of  ether, 
and  theu  ntpid)}'  dried  m  vaan.  In  order  to  obtain  the  actd, 
the  crystals  must  lx>  di»Milvn1  in  water,  and  prixnpitntcd  hy  ddute 
»nlphuric  ai^id  ;  crystals  of  glycocholic  acid  arc  slowly  depositod. 
TbiB  Btibatancc,  however,  h  uot  pure  even  yet,  for  a  part  ouly  of 
these  crystals  is  soluble  in  water,  Males  of  a  body  isoaicnc  with 
glycocholic  acid  being  left ;  tbia  insoluble  portiou  has  been  tensed 
jiuracholic  acid  by  Streckcr.  If  paracholic  acid  be  diasolred  ia 
alcohol,  the  addition  of  water  precipitates  it  in  tlic  form  of  crystal* 
of  glycocholic  acid. 

(14.8!)]  Chotic  Acid  oi  Dcmar^ay,  C/iofaiic  Acid  o(  Strecker; 
(110,0^^11^1,0^+5  Aq). — By  adding  hydrochloric  acid  drop  by  dn^ 
to  tbe  NolutioK  of  cliolate  of  baryta  obtained  by  boiling  glyoocholic 
acid  with  baryta,  tbe  cbolic  acid  in  separated  aa  a  resinous  massi 
and  th)9,oa  adding  a  bvaaW  quantityof  ethcr,is  converted  iuto  colonr- 
Icsa  tctrahednt  or  octobedrn,  which  are  brittle  and  efflorescent.  Cbolic 
acid  is  very  slightly  soluble  in  water,  forming  tritb  it  a  solutitn 
which  diatiuctly  rcddcus  litmtis.  It  ia  however  freely  aolublr  to 
oloohol,  but  less  Roltible  in  ether.  Tlic  ctbcrcoJ  solution  depouu 
tbe  acid  in  rhomhie  tabular  crystals  which  contain  1  Aq  ;  this  water 
of  crystallisation  may  be  expelled  by  a  gentle  heat,  after  which  iht 
aeid  fuses  at  383^,  and  a  little  beyond  this  it  loses  its  basic  wiKr, 
and  becomes  converted  into  chololdic  acid,  and  by  n  still  further 
heat,  iuto  dyslyau  (14B7). 

The  cbolatCB  of  the  alkalies  and  of  baryta  are  soluble  ia  wMc 
and  ill  alcohol ;  moat  of  them  may  he  crystaltuscd  from  tbeir  altf- 
holic  solution.  Tbe  most  cbaracteristie  test  for  eholic  acid  ii 
furnished  by  treating  it  nitli  sugar  and  sulpbnric  add ;  an  inteilM 
red  colour,  passing  into  a  violet,  i«  thiut  dcve1o[>ed.  PcttenkoAf, 
to  whom  thiH  oTiservation  ia  due,  has  founded  u|ian  it  an  excellait 
test  for  tbe  prcseaec  of  bite  In  orgauic  fluids;  cbolic  adil  1* 
formed  by  the  action  uf  the  Hulpbiiric  acid  upon  the  rcsiuoid  aciJ* 
of  the  bile,  aud  then  furnisheit  the  reaction  in  question.  lu  otdn 
to  apply  this  tcetj  an  alcoholic  extract  of  tbe  f^ubstaucc  for  cunii- 
nation  is  prepared,  and  dissolved  in  water ;  a  drop  of  symp  ran- 
sisling  of  I  ^C  of  sugar  to  4  of  irater  is  then  «]dcd,  anil  puic 
sulphuric  acid  tree  tiom  %a\vVuxQ'a&  ^in^  S%  v»v\»a(ulY  poured  in  -, 
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the  liquid  >t  fint  becomes  turbid,  but  it  clears  as  more  acid  ia 
adtlwl,  and  passe*  iu  succession  through  cherry  red,  carmine,  and 
purple  into  violet.  The  temperature  must  not  be  allowed  to  rise 
beyoud  120'  or  130*.  and  care  must  be  taken  not  to  u*c  too  much 
sugar,  or  it  would  he  liable  to  become  chanwl  by  the  sulphuric  acid. 
Acetic  oeid  mny  be  substituted  for  the  syrup  iu  applying  this  test. 
Cholic  Kcid  nppronclic*  the  fatty  acids  in  character,  and  it* 
salta  are  »on]ewhat  analogous  to  ordinary  noapa. 

(1487)  Choloitiic  Acid  (C„H„Oa).— Glycochoiic  add  is  soluble 
ID  cold  cotirciitratvilncutic,sulpliunc,and  hydrochloric  uci^  without 
altcratioD,  but  it  is  dccompoacd  when  hentcd  with  tliein.  If  jjlyco- 
cboHc  acid  be  boiled  with  hydrochloric  acid,  glyoocine  is  separated, 
And  a  net*  renitxiun  acid,  the  ckoloidte  of  Dcmar^ay,  is  produced  ; 
I  this  ocid  coutaiim  an  equivalent  le^a  of  water  tlinn  the  cholic  : — 

3(IIO,C„H„NO,;)  +  H,0,=  iC^H»0;+3C,n,"N6;. 
Choloidic  acid  is  a  reeiuous,  white,  friable  substance,  freely 
soluble  io  alcohol,  scarcely  soluble  in  ether,  and  iusolubtciu  water. 
It  reddens  liliuus,  and  wh(.'n  treated  vrilh  sulphuric  acid  and  sugar 
produces  tbc  umc  reactioiiA  aa  cholic  acid.  The  alkaline  choloi- 
datcs  are  soluble  iu  alcohol  and  iu  water,  but  tbey  do  not  crystallixe : 
choloidatc  of  barj'ta  i»  insoluble  in  water.  Thcw;  salts  are  isomeric 
with  the  chelates,  but  do  not  iit  all  rc^emhte  tltem.  Choloidic  itcid 
is  stated  to  contain  00  basic  water,  but  this  appears  to  l>e  doubtful. 
Sotb  chulic  and  choloidic  acids,  like  oleic  acid,  when  distilled 
with  uitric  acid  yi^ld,  by  oxiilntiou,  the  volatile  fatty  actds  of  the 
group  C^Hg.O,;  acetic,  butyric,  caproic,  onatithylic,  caprrlic, 
pclargouic,  and  cnpric  acids  having  brcn  discovered  iu  the  results 
of  the  di»lilIutiou  by  Bcdtc-tibucher.  Various  oUier  oxidized  proditcta 
remain  io  the  retort,  among  which  aicosnlicaud  cholesteric  acids 
(i49D),aiid  a  ciystallizablc  body  termed  cAc/uii/untc  acid  (C,,1I,,0,J. 

By  long  buitiiig  will)  hydrochloric  acid,  the  choloidic  acid  in 
turn  is  deoompoBcd ;  it  loses  3  mor«  equivalcntA  of  water,  aod 
becomes  converted  into  a  neutral  resin  (C^II^OJ,  fusible  at  284°, 
and  which,  from  it*  diflicult  solubility  iu  ordinary  solvents,  BerM- 
lius  called  dj/alynn. 

(1488)  raurvcholic  Add;  ClioMc  Acid  of  Strccker  (HO, 
Ci,n„NO,jSJ.— The  sulplmrctted  ai-id  of  ox,  bile  is  the  Irsa  abun- 
daut  of  it»  two  components ;  tliough  it  is  the  principal  ingrcdieut 
in  the  bile  of  serpents,  of  fishes,  and  of  some  other  animals;  it 
docs  not  appear  to  have  bceu  isolated  in  a  perfectly  pnre  state. 
It  has  however  been  aaecrtaiucd  that  it  gives  rise,  by  treatment 
with  acids,  to  cbolic  or  to  choloidic  acid,  uid  \o  &'ji^^'«x'n,^n^ 
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iasteatl  of  glycociRe  h  (Vintislics  a  rcmarkalilc  cnr^tallizalil'!  body, 
wbirh  contains  all  the  8ut])lmr  of  the  acid ;  tliis  sulntance  hu 
been  named  taurin  (C^HjNO^Sj) : — 

BO,C.,H..NO„S,+H,0,  a  ^^^^^0^,+  HOC^H^,. 

PrrparatioH.- — In  order  to  obtain  tniiroi^olic  acid  of  tolerable 
purity,  the  following  method  rceommcnded  b;  Ilcintz  ma;  Iw 
employed  : — To  ati  aqueous  solution  of  ox  bili-,  ucittraJ  acetate  of 
lend  is  uddcd  so  long  as  it  occasioD*  a  prcciiiitate  j  tlie  inucuf, 
lite  oily  acids,  and  the  princijial  part  of  the  glycocholic  acid  txt 
thus  tlirouu  dovu,  and  must  be  separated  by  fUtration.  To  tlie 
clear  liquid  a  solution  of  subacctatc  of  lead  must  next  be  added  in 
amall  quantities  at  a  time,  until  the  successive  precipitates  become 
qnite  white,  nnd  oeeumc  a  ptsster-likc  cou«istcncc,  when  the  Itqaid 
must  be  again  tiltercd,  and  precipitated  by  tlic  addition  of  la 
excess  of  basic  acetate  of  lead  mixed  with  free  ainnKinia.  Hiis  prc- 
cipitnte,  which  consists  almost  cutircly  of  laurocholatc  of  Itad,  uiufl 
be  purified  tiy  solution  in  alcohol,  and  rcprecipitation  by  water , 
alter  wliicb  it  must  be  decomposed  by  tlie  action  of  nulpluiretled 
hydrogen,  and  the  taurocholie  aeid  may  be  obt^ried  bj  evaporating 
the  solution,  aflir  fdteriii};  it  to  remove  the  sulphide  of  lead. 

Tlic  taurocholatcs  of  the  nlkalica  nic  very  sotuMu  in  lator  wi 
in  alcohol.  They  give  no  precipitate  with  neutral  nalta  of  lead,  bal 
with  biisic  salt.'^  oftbi^  metiil  vluwiy  deposit  a  plaster-likc compound, 
whieli  i*  soluble  in  boiling  wattr.  They  jicld  with  snlpliurieaciJ 
and  sugar  a  violet  c<^our  siuiiUr  to  that  produced  by  the  ebohttfi. 

The  bile  of  most  anioiKl'*  yields  wuriu  nlieu  treated  wilt  llie 
concentrated  mineral  acids,  since  the  occturcnce  of  Itturocbulic 
aeid  \*  altunat  universal  in  thi»  secretion,  but  the  olbcr  rexindid 
acid  varies  in  didcrent  classes  of  animals;  that  obtained  fmm  Ik 
bile  vf  the  pig,  for  example,  is  termed  kyocAolic  acid  and  couttioi 
(HO,C(,HyNOj).  Kyocbolic  iicid  j  ieldi' glycociiic  when  boiled  "ilh 
acids,  whilst  a  new  rcsinoid  acid,  the  hyacholalte  (HO,C„H„0,|, 
is  separated.  The  conijKiund  vhicb  hyocholic  acid  forms  vilb 
oxide  of  lead  duejt  not  poMCss  the  fu^iblr  ]ilaster-likc  chanctet 
which  ditilinguiiihcs  the  lead  salts  of  gtycucholic  nnd  taurocfaofie 
adda.  By  long  boiling  with  acids  hyocholic  acid  xt  courcrtcd  iaia 
glyeocine,  aud  hyiuiyslynn  (Cj|)I[,^Oj)  nbtcb  i«  homologous  wilk 
dyslysin,  but  eoutains  (C'jH^)  more  than  the  latter  eomixMnxjj 
Uyocholic  ncid  itself  is  liomologous  with  chotomcacid  (110,C,iQH 
NOj),  the  rcNinoiis  acid  produced  by  boiling  glvcochotic  adJ  niMB 
water,  wbic\i  uudet  \Aic:*ti  ettg»Ma.Aa.\>a>ft  Wu  two  ct^uivukaufl 


» 


watci".  Hyoehaleie  add  (IIO,C„H„NO,,Sj),  the  aulpIiurHtcd  ftcid 
of  pigs'  bile,  bears  s  similar  relation  iii  its  comjiosition  to  tauro* 
cholic  acid  tliat  tlic  iiyocljolic  Joc»  to  glycocholic  acid  j  tliat  i«  to 
say,  it  contains  a  cquivalrnts  of  oiygeti  leas,  and  l  equivalent*  of 
carlxw  TOore,  than  tanrocholic  acid.  Ouite  recently  Strecker  ha» 
discovered  iu  tbc  pi^s  bile  a  small  quaiitity  of  il  new  base,  which 
he  terms  choline  (C^^U^^'HO^). 

(1489)   1'aurin  (CjHjNO^Sj). — Tliia  rcinarknlile  snltstance  h 
readily  prc^ured  by  freeing  fresh  bile  from  mucus  by  the  ndditiou 
of  an  acid,  and   filtering  it;  tlic  clarified  bile  la   then   boiled  for 
some  honni  with  hydroehloi'ie  acid;  tho  liquid  decanted  from  the 
resinous  acids  is  evaporated  on  tbc  water-bath  nrnrly  to  dryness. 
Slid  decanted  from  the  cryntuU  of  eliloride  of  aodium  which  have 
separated  :  the  mother  liquor  is  then  mixed  with  5  or  6  times  its 
biilk  of  alcohol,  nnd  the  liqnid  on  cooling  yicldn  crystals  of  taurin, 
which   mmt    be   jiurified   hy  recrystnlliMtion  from   water.       The 
crystaU  of  taurin  assume  the  form  of  a  six-sided  prism  tcrminnted 
by  fourandsix.nide<lpyrftniid9re»eniblitig  those  of  quartz.     Taurin 
liaR  a  cooling  tatte;   it  is  gK>Iiiblc  in  about   t6  i>art!t  of  cold  water, 
but  is  not  Botuljlc   in  nhHolute  alcohol  or  in   ether.      The  TQincral 
acids  dissolve  tauna  without  all«ration,  but  do  not  coTnhine  with 
it,  and  crcn  when  healed  with  it  they  do  not  decompose  it.    Taurin 
coutaiiift  more  than  ;j  jicr  cent,  of  >id|ihur,  but  is  a  compound  of 
remarkable  stability.      AVheu  burned  in  the  open  air  it  emit* 
abundance  of  sniphnroiis  acid.     A  Robuion  of  caustic  potash  dis- 
volve^  it,  and  if  boiliHl  down  with  it  nearly  to  dryness,  deoompo«« 
it,    ammonia    being  evolved    abundantly,    wbiUt  sulphurous  and 
acetic  acids  remain  in  combination  with  the  notash,     llcncc  it 
appears   that   the   dulphur   is   already    in  an  oxidized    condition. 
Taurin  is  isomeric  with  bisulphite  of  aldehyd-ammonia,  a  com- 
pound which  may  be  prepared  artificially,  but  which  dilTcr!'  in  pro- 
perties from  tanrin;    C^!IjO,,H^N,SjOj=C^H.NOjS^.       Strccker 
\Chem.   Gaz.,   185+,   3S8]   has  however  succeeded  in  procuring 
taurin  artilicially  from  i»clhion8le  of  animotiia.     Iscthionic  acid 
is  prepared  by  alworbing  olcfiant  ga?  by  means  of  anhydrous  sul- 
phuric acid,  and  the  product  thus  obtained  is  diasolvcd  in  wnter ; 
un  uciitmllxiri;;  the  liquid  with  ammonia,  and  evaporating  it  until 
crystals  arc  formed  ou  cooling,  the  iscthionate  of  ammonia  (H^NO, 
CjHjSgO.)  is  obtained.     Now  this  salt  coatains  the  elements  of 
taurin  and  2  equivalents  of  water?^ 


L 


lifchiaulf  nr  viunijiiin. 


Tanrlli. 


U.NO,C,II.S,0,  =  H,0,  +  C,tt,SO^S^. 


808 


CUOLMTEIIIX. 


On  besting  the  Uotbionalc  gradually  to  446",  it  loses  1 1  per  cent- 
of  its  nt'igtit,  and  thi;  residue  wlivD  dtaaolved  10  vatcr  yidds  Iir 
>lX)ntaiii;oua  eraporation.  cry&tala  which  bftvc  the  form  aud  {iro|x:T- 
tifis  of  taurtu  from  bile.  Cloettn  has  foaud  taurin  m  small 
qunntity  ready  furmcd  in  the  lungs  of  the  o& ;  he  has  shown  it  to 
be  the  aiiljatance  termed  pneumic  or  pulmonic  acid  by  VcrdciL 

(1490)  ChoUittria  (C„H„0,+  i  Aq'f).— This  cryslalliiahle 
fatty  body  constitutes  a  never- fiiUiiig  ingredient  of  healthy  Ulci 
thougli,  according  to  Berxeliua,  it  does  not  exceed  in  quantity  one 
part  in  1 0,000  of  the  bile.  It  U  probabty  held  in  solutiob  by  the 
agcucy  of  taurocbolic  acid,  which  possesses  a  certain  solvent  power 
over  choWteriu.  It  acquires  its  chief  interest  and  importaooc 
frODQ  the  circumstance  that,  oving  to  its  extretno  tnsolubiUty,  it 
cannot  be  reabsorbed  when  once  depoMled,  aud  hcucc  it  (ret)uent]y 
accumulates  iu  tbo  gall-bladder,  aud  forms  the  principal  iogrcdtent 
ID  the  mo«t  common  variety  of  gaU-atone  or  biliary  calculos. 
Chuleatvrin  is  found  alsio  as  a  normal  constituent  of  the  blood ;  il 
is  present  iu  the  brain  in  cuinitderable  quantity  ;  it  is  also  a  coa- 
stituciit  of  the  yolk  of  the  egg,  and  in  small  proportion  Is  a  nsr 
fi«queut  component  of  t«roas  and  fibrous  exudations.  It  apjxiin 
lilceiriac  to  be  always  present  in  pus. 

Preparation. — Gall-stones  which  contain  cbolcstcrin  ban  > 
crystalline  stmctiirc,  and  fuse  on  tlic  npplication  of  heat,  aud  tbtj 
often  Lave  a  specific  gravity  less  thau  that  of  water.  Such  calculi 
furuisb  the  beat  source  of  choleslerin.  In  orderto  obtain  it  fnxB 
tbero  tlie  powdered  gall-stones  should  be  boiled  in  alcohol;  the 
floluUou  IIS  it  cools  deposits  cbaractcrislic  rhombic  plates  of  cfaok- 
stcrin,  which,  after  one  or  two  recryatallucations,  is  obtained  in  1 
pare  state. 

Chotcstcrin  is  nearly  insoluble  In  water,  but  it  is  mdiJT 
soluble  in  ether.  When  the  etherettl  solution  is  miied  with  hsif 
its  volume  of  alcohol  and  left  to  ^poataneoos  evaporation,  RguUi 
crystals  are  deposited  ;  they  contain  atwut  5  per  cent,  of  water, 
when  heated  to  2i^°^  the  oryataU  become  opaque,  aad  the  «stu 
is  expelled.  Cholcsterin  fuses  at  ayj",  and  breomc*  crjitaUiu* 
on  cooling;  it  may  be  distilled  at  a  temperature  of  660°  witlwit 
decomjwsitiou  ;  but  at  a  eomcwbat  higher  temperature  it  is  pu- 
tialty  dt^'umposcd.  In  tbc  open  air  it  bums  with  a  smoky  Asoe- 
The  alkalies  do  not  act  upon  it. 

Bcrthckit  liuds  that  by  heating  together  for  some  hoora  la  • 
scaled  tuljc  with  cholcstcrin  various  hydratcd  nctils  iu  cxeeas,  </M* 
IKiunds  may  be  obtained  corresponding  to  the  ethera  of  cbolNttnu 
thus  verify'mg  the  aM^gcalioa  of  Gcthardt,  that  cbolcsleria  iM 
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■Obwe  alcoliol  {C„[{„O,fl0}.     lu  Uiis  manner  tlic  folloiriug 
nil*  bavi]  Ik«u  foriiied  i — 


C^n„O.C,  H,  0,=  C„H„0,+C.  H,  0,-H,0,j 

S^mrotb<.\ttUria.  CkoUaliria.      Bl*»ti<anJ. 

d]olc9tcric  ethers  are  wliitc  fusible  compounds,  sparbgljr 
bte  ill  boiling  alcoliol,  which  may  be  employed  to  purify  them 
Qiiiiltcnx]  cbolesl£riu  or  adi.     Tliey  krc  freely  soluble  iu 
uu)  arc    readily    decomposed  by  bcatiug  ttiem    with   an 
lelic  solution  of  potosh. 

!uiic«atra(cd  sulphurio  suid  decomposes  cbolesterin,  by  rc- 
iratcr  and  tbrmiug  a  Tui\ture  of  three  isomeric  hyclni- 
{C|jHjj)  t«rm(.-d  choieslrrii'm,  which  arc  diBtiiJgui»lifd  by 
Bttera  a,  b,  Btid  c.  These  hydrucarboiis  bear  the  itame  rcla- 
to  cbfdcstcrin  that  olefiaiit  gas  does  to  cthylic  alcohol.  Loog 
I'-atcriii  with  uitric  aciti  conviTt«  It  firxt  into  a 
.._  .  mA  then  fieconipo»c«  it,  producing,  amongst  other 
ckQie^eric  ucid  U10,C,,1I,0J,  -which  aesumca  the  form  of 
t-yeltow  deliquescent  subatajicc,  of  an  acid  aud  bitter  taste ; 
readily  soluble  in  alcohol.  Acoordihg  to  IledtcnhBchcr,  tlic 
luctiou  of  acetic,  butyric,  caproic,  aud  oxalic  acidii,  also 
«  the  fonnatioQ  of  cholcsterio  acid. 
y  ealcuH  are  uHcii  futiiid  in  the  gidl-hladdcr  iu  lftr]ge 
hen  ;  they  Tary  a  good  deal  in  sppvarauce  and  shape  :  iu  tome 
they  are  nearly  seuii-traiiBpareut,  nod  cr^rstalhsed  througb- 
It  other  times  they  aic  ntrougly  tinged  with  the  colouring 
of  the  bite.  Occa^ioually  tlie  cbuleaterin  is  depotitcd 
a  niiclL-us  of  phosphate  of  lime,  or  of  biliary  colouring  matter 
Ruhiiintiou  nitli  lime. 

In  souie  ftpecies  of  oriental  goats,  concretions,  called  bezwrra, 
:^h-greeu  colour,  arc  uecasioiiaHy  found  io  the  Btouiach 

uck;  they  contain  a  substaucv  li-rnicd  JUho/elUc  acid 

tC„Hj,Oj),  which  a  ^ood  deal  rrsetnhleseholestcnn  iu  appear* 
^  This  body  eryetnlhzes  iu  six-sided  priams,  or  in  smalt 
ahic  pii«Tn«,  with  uu  oblique  tcrmiunl  face.  It  is  insoluble  in 
r,  sparingly  soluble  iu  ether,  hut  freely  soluble  in  hot  alcohol 
m  uTtie  acid.  Coiicculrated  8u1ptiiiric  acid  abo  diit&oU'c^  \t. 
p,  the  aolutiou   btxoniiag   milky   when    diiuted   ■«\\\i.  ■*4.\*st. 
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UtJiofelllc  acid  fates  at  400^,  and  iriicalcd  to  a  little  IM70&1I  t1it», 
it  is  conrertcd  into  d  resinous  ma-w,  the  ftmiDg  point  of  which  U 
reduced  to  a1>out  230''.  If  this  ro^iii  be  rcdi^sulvcd  m  alcohol  it 
ts  attain  couvertcd  into  the  crjrstallizable  acid.  Ltthofi^llic  wriil 
bums  with  nil  agreeable  odour  mid  a  irtiite  tmoky  flame.  It 
combiucs  with  the  alkalies  and  forai»  wilublc  salts;  the  nils  ot 
lead  and  of  silver  arc  iuiioUiblc,  aud  soften  in  hot  water.  L)tho> 
fellic  acid  h  dittingu  isttied  from  cholesterin  by  it»  higher  nicttiog 
poiut  aud  bjr  its  ready  solubilitj^  in  itolutiotu  of  tbu  cuiutic  aai 
rarbonaiod  alkalies,  aud  !it  acetic  acid.  When  treated  with  std. 
phnric  acid  and  eiignr,  it  gircs  a  violet  colour  rcsembliug  tbu 
produced  by  glycocholic  acid. 

The  following  Table  n  ill  luuivt  in  indicating  the  relations  which 
sul»i.«t  hotvccn  the  most  imi^rtant  of  the  numerous  ooinj>oaiKb 
obtainable  from  the  bile  : — 


Glycocliolip  acid 
Cliolonic  aeicl  . 
Cholic  >cit)  ,  . 
Oioloidio  Mill  . 
Df ilfiiti .  .  . 
Tanrocholic  acid 


C.JI„NO„ 

C„lj>0„ 

c„n„  o. 

C„I1„N0„8, 


Cbvlfalerin 
Tuunn     . 


0„H      O, 


Hyoi'lioliGScid  . 

HyoclioJalic  acid 

IlyodTBlytia .    , 
Hyoi^fioleic  ai-id 


c^n„No. 

C„H«  0, 

C»H.  0, 
C«H«NOA 


LiiliofcUic  acid . 
Glycocin«     .    . 


(1491]  Cohvrhff  Matters  f^f  ihc  Bile. — If  an  alcoliolie  sdifc* 
tion  of  bile  he  filtered  through  a  eolumu  of  animal   charcoal,  it 
runs  through  nearly  deprived  of  cototir.     The  colouriug  matter  of 
the  bile  appears  to  exist  in  two  modifications ;  one  of  them  is  browi^ 
tlic  other  green  :  the  latter  ia  abunriaiil  in  the  herbivora ;  it  fonm 
t\iB  6Uiverdin  of  Bericelius,  who  cou^idera  this  grecu  pigment  to  bt 
identical  with  chlorophyll,  or  the  green  colouring  matter  of  tcge- 
table-s.     It  iH  ioHoluble  in  water,  hut  is  taken  up  by  alcohol  uii 
by  ether.     In   hunmn  bile  the  brown  pipncnt  prejiondcrate* ;  K 
baa  been  termed  cholepyrrhin  orbidphmn.     This  brown  colourini 
matter  is  of  an  acid  character  ;  it   itt   soluble  in  chloroform,  frc* 
which  it  may  be  obtained  in  crystals  {Bnicke).     It  com  bine*  «ilb^ 
tlie  alkalies  and  ttieeartlu;  with  the  latter  it  fumitteum  pounds  whi 
arc  insoluble  in  water  and  in  alcohol.     The  brown  colonring  mati 
of  the  bile  is  very  rapidly  altcretl  by  reagent*.  The  ehangea  of 
produced  in  it  by  the  action  of  nitric  acid  have  been  propoMd 
one  means  of  detecting  the  prescttec of  bile  in  certain  cast-*,  o-s 
instance,  when  it  occurs  in  urine:  when  n  Mlutiou  cutilaimugtliii 
colouring  matter  ia  mixed  with  uitric  acid,  the  colour  becomes  >i 
first  green,  then  blue,  rapidly  pasaing  into  violctj  it  then  changes 
to  red^  and  finalVj  iVm  ttA  lioiiV's  ^ossiaa  into  yellow. 
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lanjr  biliary  calculi  CDUtaiu  a  large  quantity  of  tliu  colouring 

ill  ui  oomlitnatioa  villi  lime,  with  wLich  it  Tornis  n  brown 

DOnd  insoluble  it  wat^r.      Calculi  src  filmrrc^i'icntly  found  in 

conipowdofa  pure  iiiten«e  ycllon  culotinng  substance,  much 

\fj  artists  lor  ite  diinibilitj  and  for  Oic  brilljauc;  of  its  tint. 

te  greater  jiari  of  the  ootoariug  niftttcr  of  the  bile,  with  a 

portion  of  bile  itself,  passes  off  with  the  feces,  but  by  far 

irger  proportioa  of   this    secrctiun   is  reabsorbed  into  the 

I,  wliero  it  linn  bwn  coDJi-cturcd  to  supply  s  porlion  of  the 

al  cousuiiicd  hy  the  oxygen  in  respiration  for  the  niainte> 

of  ODinia]  beat.     This  tbeory,  boirerer,  seems  to  be  ques- 

Kiiicc  tlic  (.'onstitucuts  of  the  bite  have  not  been  asti»fac- 

vered  iu  normal  blood, 
resinous  adds  of  the  bile,  which  constitute  the  ctiarac- 
compotiputs  of  tliis  secretion,  appear  to  be  truly  formed 
er  itself.  The  mode  of  aetion  of  the  liwr  ditlera  there- 
important  manner  from  that  of  the  kidoeys,  itiuce  these 
Dot  produce  the  compomidi  excreted  by  them. 
Sugar  is  not  an  ingredient  in  normal  bile,  bnt  tt  ii 
e  that  this  substuncc  i»  rapidly  formed  Ixom  one  of  the 
leutsof  the  liver  ittelf,  in  which  organ  sugar  is  foiiod  iu  coo- 
Ilk)  quantity  after  death  (Ikruard).  The  full  »iguifioance  of 
(kct,  in  its  physiological  bearings,  cannot  be  sfiid  to  be  at 
■nderstood. 

tttt*  of  metallic  poisoning,  the  liver  has  generally  been 
Ito  coiitaiu  traces  of  the  metal  that  hia  been  exhibited,  but 
inportant  to  bear  iu  mind  that  iron,  copi>cr,  aud  luaDgnucse 
Inys  prc»ent  in  tnioulc  quantity  in  the  ashes  of  Lcnithy 
hile.  Lead,  unenic,  snd  antimopy  have  been  detected  in 
»cr,  in  cases  ivbere  they  hud  been  lakca  in  jjoisonous  doses  j 
tliCrc  is  UD  reason  to  suppose  that  if  death  had  occurred 
the  exhibition  of  these  metals  in  medicinal  doses,  that 
of  these  substances  would  not  be  found  iu  llie  liver,  if 
Kiuglit  fur. 

C.  EicrementilioHf  Produelt. 
49i)  1-  The  Ubink. — This  fluid  is  st-panitcd  by  the  kidneys 
arterial  blood.  Human  unne,  to  uhich  the  follo^iitig  re- 
are  applicalilc,  unless  otlieriri«e  specified,  is  usiisUy  of  n 
aiiibcr  colour,  and,  if  pasacd  when  fuitiiig,  is  feebly  acid  to 
J  btit,  aecofiltiig  to  Bc-nce  Joues,  the  acidity  diiutnisbes 
digrstioii,  and  uliilst  this  proecsK  is  most  actire,  the  urine 
i  to  Ik:  slightly  alkaline.  T"rine  has  a  peculiar  odour, 
_1  bitler  l^ste. 
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w  The  qaaotities  of  the  various  oomponcnts  of  the  urine  arc, 
tliowcver,  subject  to  material  varintion,  eveu  iu  tlie  same  in<tiri(liial 
I  at  (lifTc'rcDt  timra,  althoiigh  he  may  he  in  perfect  health.  TIic 
Iqimiitity  of  iwlid  matters,  and  especially  of  urea,  ir  proportionately 

■  increased  with  the  iacren«cd  amouut  of  exercise  taken,  as  the  direct 
lezpcrtmcnts  of  Lchmiuin  linve  shown.  Indcetl  it  has  been  foitiul 
f  to  be  a  general  rule  tlint  the  wante  anil  reparation  of  the  liody  are 
I  in  direct  proportiou  to  the  amount  of  exercise  taken:  during 
I  active  exercise  the  uiunbcr  of  inspirations  in  a  giron  space  of 
I  time  is  increafed,  a  larger  quantity  of  oxygen  is  hroiif^ht  into 
I  contact  with  the  tiamw,  and  a  more  rapid  waste  of  their  com- 
I  poDcnts  ensues,  and  consequently  a  greater  supply  of  foo<l  is 
I  demanded  afWr  exerci-tc  thun  afler  the  individual  has  \xen  in  a 
I  state  of  repose  for  an  Cfiual  interval. 

I  la  all  animsU  the  urine  appears  to  form  the  principal  outlet 
I  for  the  nitrogen  of  the  effete  azotised  tissues  of  the  syntcra, 
I  tliough  the  coiuiiouuds  in  which  it  is  cxercl«d  vary  «fith  the  kind 
I  of  animal.  Caniivoronii  animals,  such  as  the  lion,  the  tiger,  and 
llbe  leopu-il,  excrete  the  greater  port  of  the  nitrugen  in  the  form 
lof  urea;  and  produce  hut  a  Hmall  quatitity  of  urio  acid.  The 
■Biioc  of  the»c  animals  is  clear,  and  nearly  colourless,  with  a 
ntrongly  ocid  reaction ;  hut  it  putrvfie-s  rapidly,  aut)  quiekly 
ifaccomes  alkaline  owing  to  the  decomposition  of  the  urca.  The 
herbivora  likewise  excrete  a  large  quantity  of  urea;  hut  hippunc 
lacid  in  considerable  quantity  is  contained  in  their  uriae,  whilst 
[Uric  acid  is  nearly  irantiiig.  Many  of  these  animals,  such  as  the 
[rhinoceros  and  elephant,  excrete  a  urine  containing  a  large  quan- 
nity  of  tbc  bicarbonates  of  lime  and  magnesia,  in  cousequcnce  of 
rTrliich  their  urine  is  eitbtT  turbid  when  voi<lc(l  or  it  spce<lily 
|l)e^x}in(«  so.  The  phosphates  arc  almost  entirely  absent  from  the 
llixiiic  of  the  herbivora,  but  they  appear  abundantly  iu  the  ficccs  of 
■Ifaesc  aiiimaU.  Caruivorous  birds  excrete  uric  acid  in  abundance 
nn  the  form  of  a  superurute  of  ammonia,  and  tliey  also  appear  to 

■  cicrete  small  qnantities  of  nrca :  but  urea  is  completely  absent  iu 
I  granivorous  birds,  wliich  excrete  abundance  of  uric  acid  combined 
I  with  a  variable  amount  of  ammonia.  In  those  carnivorous 
r  rqitilcs  which  live  out  of  water,  such  as  the  serpent  tribe,  the 
I  excretions  consist  almost  entirely  of  uric  acid ;  while  in  the 
I  amphibia,  such   as   the   frog   and   tiie  toad,   urea  appears,  with 

■  Very  little  uric  acid.     Uric  acid  has  aim  been    fouud  in  the 

■  <naremeDts  of  insects.  From  these  facts,  it  is  clear  that  iu 
vthote    animals    which    drink    freely,  ttie    nitrogen    is    eierctcd 

■  principally  in  the  form  of  urea,  while  iu  tliow  v\ac\i  VeIkjl  '4iix'<i 
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little  fluid  uutrinieut  U,  ia  separatod  ctueflj'  in  the  fbruk  of  mi 
uid. 

In  dUeasieit  attcndal  vitli  fever  t)ic  quantity  of  uric  add  in 
liutonu  tiriiic  i»  gruAlljr  increased.  Tbe  question  of  Hu:  Knucc 
vlieiice  uric  acid  is  derived  i*  full  of  interest,  especially  to  tbs 
practic.ll  pliysician,  since  its  morbid  prevalence  is  intiroately  coo- 
iicctcd  nith  sonic  of  tbc  most  distressing  maladies  vrlucli  alBict 
the  btiman  frame,  such,  (or  example,  as  gout,  rfacmnati&nn,  anil 
c«-taiu  forms  of  calctiloos  ooncrelioiu  from  the  urine.  Id  KKiie 
kinds  uf  goulj  uric  ucid  itt  developed  and  retained  in  tbu  a/steoi, 
cbieflj  in  the  form  of  urate  of  soda,  in  tlie  neigh  bourbood  oftbe 
smaller  jointa,  snch  lui  those  of  the  fingen  and  toes  and  Ibe 
wrisbi,  formiug  deposits  comoionly  kiiova  aa  chalk-stones.  The 
sjrstcm  is  in  these  eases  loaded  with  lactic  and  acetic  acid*,  the 
Intter  of  whtcJi  i»  thrown  oR*  abundantly  iu  acid  sncatiiiga.  Dr. 
(iiuixxl,  in  cases  of  gout,  lias  invariably  found  uric  nctd  to  be 
prvsent  in  the  blood,  and  he  bss  also  frequently  detected  it  iu  tic 
blood  in  Rright's  diicnw:  it  has  been  found  occasionnlly  io 
healthy  lilood.  line  acid  is  likewise  discovered  without  difliciilE} 
in  the  blood  of  animala  from  which  the  kidneys  hare  bccaO- 
tirpatcd. 

The   conHtitiition  of  the   urine  is  found   to  vary  at  differfBt 
tiroes  of  tbe  day.     That  voided  iu  the  nioruiog,  for  example,  after 
the  lapse  of  a  considerable  interval  without    the  ingcstioii  of  food, 
is  the  result  chiefiy  of  cliemical  nctionn  going  on  uitliin  tliL>  hnlj 
itself,  and  i»  furuished  by  the  decoropoution  of  the  tiasues.     Soch 
ttfinc   has  a  very   different   composition  from   that  passed  in  Utf 
evening,  into  which  various  bodies  have  been  absorbed  directly  fr^^ 
tJic  etoniach.  The  nature  of  these  bodies  necessarily  varies  vith  tl^| 
of  the  food,  which  also  materially  iiillueiiccs  tht'  <{ii\iitity  both  of  isH 
ncid  and  of  urea.     With  reference  to  this  point,  it  was  foand  iH 
Lubmanii  in  a  scries  of  cxi>crimcnta  upon  his  own  penwn,  tbl 
after   re&tricttng   himself  Lo  an   ainiiial    diet   for  several  *Iay>ffefl 
excreted   daily  iiji  grains  of  urea,  and  zi'6  grains  of  uric  *e^| 
AIUt  an  exclusively  vegetable  diet  for  a  similar  period,  the  qufl 
tity  of  urea  in  twenty.four  bours  amounted   to  3^8  grains,  and  iS^ 
uric  acid   to  15-4  grains;  and  after  subjecting  himself  to  a  iii* 
from  wliich  nitrogen  wag  as  far  as  possible  excluded,  the  quaatitf 
of  urea  fell  to  237  grains.      When  n  highly  aaotlscl  diet  was  takes,   , 
the  Mtmc  observer  found  that  five<Mxtli3  of  the  entire  quaiiLily|(j 
nitrogen  taken  in  the  food  was  eliminated  from  Iho  system  in  iH 
form  of  urea.     With  an  ordiuary  mixed  diet  the  urine  amountH 
to  3;*3  0Uiicca  AaW^ , au\'A  co'a.>.ik\v»:&.  *j:iv  ^tuut  of  urea  and  i^M 
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[  of  aric  ncid.  Tb^te  qiiautllicsof  urea  and  uric  ACid  arc  somewliat 
f  higher  iliaii  tlie  average  of  tliofte  eicreted  by  the  liealiliy  adiiLl. 
The  quantity  of  sulphuric  acid  in  the  uriuc  U  ttl«o  maialy  id- 
L  flueucttl  by  tlie  jiroportiou  of  axotiaed  food  taken  ;  this  acid  iitil^MKl 
lappeara  tu  be  derived  priuci|j&lly  from  the  sulplmr  coiilaiuvdiu  the 
I  albiiiainuid  cnmpounda  osi^ini ilatcd  from  the  food.  liVhea  a  mixed 
I  diet  waHUHed^Ltitimaiiii  fuund  tIie<{iiautityoF»itlj>liuric  acidexcrutccl 
I  daily  to  amouut  to  108  {^mus  ;  willi  a»  anitnal  diet  it  rose  as  high 
I  u  165  graiiifi,  and  when  a  purely  vegetable  diet  was  consumed, 
I  the  {^luntity  of  atilphiiric  aciti  excreted  in  the  tvfeiity-four  hours 
1  fell  to  90  graius.  Mauy  Hubstaiiccs  wbcu  takcu  iuto  the  stomach 
I  pa65  otr  UDchaiigcd  by  the  kidneys, especially  tliosc  which  areofa 
I  Mlinc  nitturc,  Huch,  for  instance,  as  iodide  of  potoNoiiim,  and  fcrro- 
I  cyanide  of  potassium  ;  thcfic  salts  may  be  commonly  detected  in 
I  the  urine  within  half  an  hour  after  tlicy  have  been  swallowed. 
I  (1494}    Urinary  Cortrrc/jn/w.^Ahtion^li  the  urine  in  a  hcalttiy 

I  individual  oaualiy  remains  clear  and  transparent,  even  after  it  has 
I  cooled,  it  QOt  unfrequeutly,  under  the  influence  of  disturbed  health, 
I  deposits  more  or  less  abundantly  some  of  its  lct4  soluble  consti- 
Itucuts:  these  de^ioe>its  in  aome  caaea  assume  the  form  of  u  light 
jfloccalent  powder;  at  other  time*  they  appear  in  iiioro  compact 
I  grains,  which  couatitute  the  different  forms  of  gravel,  and  in  other 
[instances  they  collect  into  larger  musse»,  aiul  give  rite  tu  urinary 
I  calculi. 

I  The  most  common  uriimry  ecdtmeuts  are  tho»e  which  contain 
|iiric  a<nd.  'When  tlic  uric  ut-td  is  uncombiiied  with  bases,  it  often 
lappeArs  in  small  crystalline  masses  resembling  grains  of  coarse 
[sand,  con'^Lilutin^  the  onlinary  variety  of  red  gravel,  which  consists 
[of  uric  acid  tinged  with  the  yellow  eolouniig  matter  of  the  urine: 
ithu  scdimeut,  if  cKamined  under  the  microscope,  is  tuually  seen 
no  poeSGss  ttic  funo  of  rbomboidal  crystalline  plates,  the  edges  of 
l^hich  are  frequently  romidcd.  In  other  casc«  the  add  is  found  in 
I  the  form  of  a  light-brown  aiuorphou»  !ic<liiiiciit  consisting  of  nratca 
lof  aoda  and  ammonia.  Uuth  these  sediments,  and  uHpeetally  the 
I  Iittor,  ore  materially  influenced  by  diet :  excess  of  auy  kind,  purti> 
I  cularly  in  animal  diet,  drinking  too  much  of  accKCcnt  fermented 
I  liquont,  over-anxiety,  exposure  to  cold,  damp  weather,  and  want  of 
I  csercisc,  very  frequently  produce  an  increased  excretion  of  urio 
I  add,  and  cause  &  depo:>it  of  the  uratvii  of  Nodn  and  of  animouiu  even 
I  from  persons  in  health.  In  those  8nireriu>^  from  a  habitual  deposit 
I  of  red  gravel,  nn  animal  diet  frequently  aggravates  the  disease  in 
P  a  remarkable  manner.  On  the  other  hand  it  has  been  observed 
that  uric  acid  is  less  abundant  in  the  urine  vu.  wxmmeT,  «xi&.  'u. 
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gcnerallj*  ili(uit)i»hed  a^er  copious  »wcat9.  LchmaoD  states  tlud 
the  formation  of  uric  ncid  calculi  i»  unknown  in  tropical  dinutcH. 

When  phosphoric  acid  is  jireitent  iu  the  urine  in  esnen,  il 
aoiuclimcd  shova  itself  in  the  form  of  a  irhitc  nnd,  vhidi  it 
usually  crystallized,  and  coiisintA  of  phosphate  of  magnesia  tod 
ammonia:  but  occasionally  tlicdi-posit  is  amorphittts.  Theut  tn 
vurictivs  of  sediment  coni^titutc  while  gravtt ;  they  are  atteuM 
alnaast  constantly  by  nn  nlkoline  state  of  the  arinc. 

The  ]iriori[>al  varieties  of  urinary  calculi  as  distinguished  fins 
xe(/tmrn/s  are  the  following  : — i.  Uricacid;  z.  Urate  of  ammonia; 
3.  Oxalate  of  lime  ;  4.  Phosp1tnt«  of  lime ;  ^.  Fhocphate  of  inig- 
ncsia  and  ammonia ;  iS.  Fusible  calculus  (a  mixture  of  the  t«V 
preceding  ones) ;  7.  Xanthic  oxide  or  Xanthine  ;  aud  8.  Cyitic 
oxide.  Urinary  calouli  are  in  many  cnM»  formed  upon  woK 
fon>i^  body  aa  a  nucleus,  such  as  a  clot  of  blood  or  a  crystal  d 
any  kiud. 

1.  Urie  add  calculi  are  ntnuUy  of  a  brownish-red  or  fawv 
colour  :  they  bare  a  smooth  or  finely  tubcreulated  aurfacc  ;  wbta 
sawn  through  they  are  generally  found  to  be  composed  of  codohi* 
trie  lamintc,  and  arc  somewhat  crystalline.  If  a  fragoieut  of  auei 
a  calculus  In;  hc»t«l  Wforc  the  l>Uiwi"l>e,  it  i"  conMimed,  emiltinj 
a  piTCuluir  animal  udour,  aud  leaving  only  a  minute  wbile  asL 
This  variety  of  calculua  is  soliiblo  in  a  solution  of  potash,  and  ant 
•cid  is  pn.-cipitatcd  in  white  itillcy  cryHtiilit  on  Hiipcrsaturattug  tht 
■olution  with  ao  acid.  If  a  fragment  he  heated  on  a  slip  of  gb« 
with  nitric  acid,  it  i«  disaolvcd  with  cfPervCNXncc,  leaving  an  oraog^ 
colourvrd  residue,  which  is  rendered  of  a  U'lmlifui  pink  or  crhoaon 
by  the  addition  of  a  drop  uf  ammonia,  af\er  vbieh  the  additioa|^ 
a  solution  of  potash  dcvrlopcs  a  ma^ilicent  purple.  ^| 

2.  The  tiratc  of  amiiMnln  cnlctdiis  is  very  rare:  it  is  mwfll 
clay>eolourcd,  and  smooth ;  ami  is  depoaiti*d  in  tine  coticflrtriH 
layers  of  an  earthy  appearance.  It  is  nmre  aolttble  in  wator  tbfl 
the  preceding  variety,  and  is  diMolvvd  with  extrication  of  atnsw- " 
nia  whnn  heated  nitb  a  solution  of  potasli;  in  other  cbaraetert  itj 
resembles  uric  arid.  fl 

3.  Oxalate  0/  Ume  often  occnrs  as  a  morhid  ingmliest  ^| 
urine.  The  inu/&n-/^4:ii/ru/M«con!tists  of  tliin  "ulntnncc  :  thislttfM^ 
of  concretion  has  usually  a  deep  brown  colour ;  it  is  deeply  tnbnr- 
culatcd  and  rough,  and  is  very  dense  and  hard.  ^Vbcn  bentcd 
before  tite  bloupi[«,  it  fir^t  bluckcim,  and  then,  if  exposed  los 
moderate  red  lieat,  it  btims  to  a  white  ash  oonristing  of  carixnata 
of  lime,  irhich  is  dinwlred  by  acids  with  efferve»oenco ;  bot  if  it 
\aa  bccu  more  ^tTongXf  \i^\jc&.,  tion  v^  \k  aMulioe  to  test-paM^ 
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IPRs  of  pure  time.  Tlic  Rnely  powitered  calculus  is  solnlile 
e  And  tiyttrocMoric  acids,  but  it  is  iiuohiblc  in  acetic  acid. 
tion*  of  oxalate  of  lime  Imve  b«en  fouiiil  in  womb  of  tlie 
nimala,  as  vtM  as  iii  mau.  Front  considered  its  occur* 
to  the  nrioe  to  be  due  to  faitltjr  aaainiilation  of  eaccbarine 
tp  l)ut  tlie  conditions  under  irhich  it  is  produced  are  not 
certaiuod. 

IPhospltoric  acid  when  combined  irith  lime  forms  a  rare 
of  calculus,  the  Aow:  rarl/t  cahuftia  {3  CaO,P0jJ  which  is 
I  of  a  pole  hrowD  colour  with  a  vevy  jtmooth  surface,  and  is 
'ty  laiiiitiated  in  its  texture  ;  these  Lnuiiiiie  are  oflcn  dq)Ositcd 
Aals  radiating  from  the  nucleus.  The  bone  earth  calculus 
rUc  before  the  hloir|>ti>e  ;  it  i*  readily  di!>solved  bjr  hydra- 
acid,  and  the  phosphate  of  lime  may  be  precipitated  from 
lution  ID  a  gelstinouB  Btatc  by  the  addition  of  aoinionia. 
Anotlier  form  of  phosphatic  catculufi  coosiittit  of  tlic  phos- 
rt  magoeaia  and  amraouia  (H^NO,  2  MgO.POJ.  It  is  not 
sent,  and  is  spolteu  of  by  the  Qldcr  writers  aa  Mj>U  photphate, 
bite,  brittle,  and  more  or  le»«  crystalline  in  Htnicturv;  it  is 
. laminated,  and  its  surface  is  uneven.  It  fuses  with  difBculty 
the  bIo<rpipc,  cmittiug  an  odour  of  ammonia:  dilute  acids 
&  it  readily,  imd  the  solution  when  acutralizcd  with  ammunia 
a  it  Again  in  a  crystalline  form. 

K  tbini  species  of  phoephatic  concretion  is  the /tui^/e  cu/m/u*, 
ooDsists  of  8  mixture  of  Uic  tito  preceding  Tarictic«.  It  is  of 
It  occnrrence,  and  forms  white  friable  mas!>es  which  arc  rarely 
ted,  and  often  an(uire  a  large  sisc.  This  form  ofcalcnlus 
Badily  before  the  blowpipe  >  it  ik  soluble  in  dilute  acids,  from 
Dxalate  of  ammonia  separates  lime,  and  pure  ammonia  throvo 
|diDiphate  of  magnesia.  When  the  occurreuce  of  pliwpbatic 
la  is  habitual,  it  always  iudicatcs  a  state  of  coustitutioQ 
y  diflorilered.  Occasionally  these  phosphates  arc  secreted 
bo  lining  membrane  of  the  bladder  in  large  qiiautity,  forming 
tv<likc  mass  of  concretions.  The  earthy  phosphates  arc 
need  into  the  »y«tem  in  considerable  quantity  in  the  aeedsof 
talia:  bccrcuutains  so  much  pho^iihateof  magnesia,  that,  on 
:  aramouia,  the  double  phosphate  of  ammonis  and  magnesia 
ipilatol  in  abundance. 

ic  phoHphates  Eie  also  common  ingredicuta  of  calculi  in 
jroui*  animals  :  in  many  instances  they  appear  to  bo  deposited 
JMiiiriuo  simply  from  the  development  of  free  alkali,  either 
^bbe  drcom  position  of  the  urea,  or  to  excess  a(  <t\V..«\\wb 
^BToducrd  from  without. 
_  3  a 
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Compooiiil  calculi  are  not  unfrcqoent ;  tie;  are  formed  of  t 
fuccesioQ  of  lamitiK,  composei]  af  one  or  otbcr  of  tbe  forogauie 
vuictie*.  For  instance,  uric  acid,  oxaUle  of  lime,  aud  fuitiU 
ctilcolnB  somL-tinics  occur  ia  successive  layers  in  the  MBM 
cnlcuIuH. 

7  and  8.  The  characters  of  the  rare  cnlculi  cootaiuisg  Uw 
compoiiiids  knnnii  aH  xantkic  and  as  cyxtic  oxide  have  beim  alrcaJj 
de»vrilieil  (1422,  1443)- 

The  further  proeccutioa  of  this  subject  belong*  more  properi/ 
to  a  WQrL  devoted  to  [latkologj  than  to  one  treating  of  geuond 
chemi&trj^.  For  the  microscopic  appoamuce*  of  the  various  aub- 
ktances  drpOMted  from  the  nrinc,  the  reader  is  rcrcrrcd  to  Guldiof 
Bird'))  treiitiM  on  iinnarjr  de|x>sitii,  and  to  Dealc's  treatise  od  tbt 
microscope. 

(1495)  The  urine  in  discaRc  undergoes  other  important  modi- 
ficiitionit  in  \t»  couHtitulion  :  two  only  of  tlieaa  vill  be  adverted  Id 
on  the  present  occaaon. 

Diahetic  Urine. — In  the  disease  termed  dtaiVf«-j  the  urine  isfound 
to  coiitiiiu  n  liti^e  quanlitjr  of  gnipc  suj^ar,  which  ih  almovt  entitdj 
wauting  in  the  health;  atate  of  the  aceretioo.  The  source  of  thti 
sugar  lies  iu  the  faulty  digestion  of  the  food.  The  sugar  appcan 
to  be  aheorbcd  directly  from  the  alimentary  canal  into  the  blood, 
and  is  tlicucc  si-jmnited  unehaiiged  by  tliv  kiducy.  Dr.  Percy  luu 
found  that  sugar  wlieu  injected  into  the  hluod  ia  separated  in  ■■ 
unaltered  form  in  the  urine.  Tlic  quantity  of  angar  which  ii 
excreted  in  twenty-four  hour«  by  patients  suffering  from  disWUs 
is  frequently  enormous,  amouuting  in  some  eaacs  to  upwanU  of 
ij^lb.  uf  solid  glocoee.  The  proportion  of  6Ugar  excreted  in  tki* 
disease  is  greatly  under  the  control  of  the  diet;  substances  Mlilcb 
contain  much  amyluoeous  or  saccharine  matters,  >ach  as  brefldiaJ 
potaloen,  always  occa»ion  the  cscretiou  of  a  larger  quantity  of 
sugar :  under  the  use  of  opium,  and  an  animal  diet,  tlie  sacckariM 
matter  is  very  considerably  diminished. 

If  sugar  be  suspected  iu  tbe  urine,  its  presence  may  be  infcncd 
by  the  vrnployment  of  Trommcr's  test,   iu  which  the  reducisjt 
action  of  glucose  upon  tbe  uilttt  of  copper  is  taken  advantugo  <9f 
Tlie  urine  is  first  rendered  strougly  ulkalinu  by  the  addition  of  ■ 
eolutiou  of  potash,  and  a  few  droijs  of  sulphate  of  copper  in  M>lutki| 
are  added ;  on  agitation,  the  liydratixl  oxide  of  copper,  whifh  t*M 
lii-tit  precipitated,  is  redissoked;  and  upon  boiling  tlic  liquid,  fl 
yellow  hydratcd  Euboxidc  of  co))per,whicU  is  speedily  conn-nod  isto 
the  red  anhydrous  aulxixidc,  is  thrown  down.      If  thia  reaction  don 
not  occur,  no  au  j;ar  is  present.   Since,  liovevcr,  other  bodi«a  bead^i 
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exercise  a  similar  reducing  influence  on  the  oxide  of  copper, 
VMOoe  of  sugar  •hould  l»e  furtlicr  coufimied  \iy  ttie  test  of 
Rtalion.  In  order  to  >pply  this  teat,  b  small  ijuantity  of 
LI  atldeO  to  a  [mrtion  of  the  urine,  which  is  placed  in  »n 
Dil  tnlxs  over  mercury,  and  ei{)osed  to  a  teoi  peratiirc  of  80*  ; 
w  be  present,  carlwnic  ftcid  gas  is  lihcrstcd  in  ibe  course  of 
hours.  Eicnpe  Jones,  however,  finda  minute  quantities  of 
even  in  Imllhy  urine  (Q.  /.  CAem,  Soc.  xn.  40)  iu  quua- 
■rjring  from  rr  to  fi)  gra.  per  10,000  grs.  of  iiriiie. 
mUuminoiu  Urine. — The  other  important  nltemtion  of  tlic 
)»ere  to  be  noticed  ooiisiats  iu  the  escretion  of  a  Inrgc  quan* 
f  albiimm.  Whoa  tlila  occurs,  it  may  l)e  recognised  Iiy 
Ir  acidulating  the  urine,  and  applying  lieat.  Coagulation 
la  if  albumen  he  present ;  and  a  similar  effect  is  produced  on 
jdititm  nf  uitric  acid.  In  this  <)ise:ise  the  seat  of  mischief  ts 
ly  itself,  aod  its  powers  of  secretion  are  modified  in  an 
manner.  la  a  state  of  health,  tins  organ  does  uot 
albuminons  portion  of  the  blood  to  esrape,  but  in  pat- 
ofdlicasc  it  permits  albumen  to  [>n(«,  and  retains 
which  may  tbeu  be  detected  in  dropsical  ctfusions,  and 
fluid*  contained  in  the  body. 

496)  a.  CtT-ivEOca  ExcKF.noxs. — Notwithstanding  the 
importance  to  health  of  the  due  performance  of  the  fuuctiona 
:  ^iu  aa  an  excretory  organ,  the  ehcmical  nature  of  the  pro- 
hich  it  thravs  off  has  been  hut  imperfectly  studied,  since  the 
tion  of  thcHc  compounds  is  attended  with  coniiidcrahlc  difli- 
owiug  partly  to  the  great  extent  of  surface  from  which  tlie 
Son  take«  place,  and  partly  to  the  variation  in  eompositioti 
it  presents  in  different  parts  of  the  IxkW. 
be  *olid  not  \olali)e  conatitucnta  of  the  sweat  have  been 
range  between  about  0*5  and  1*25  per  ecot.  j  the  pro. 
f  water  larying  with  the  temperature  and  hygnncapic 
of  the  atmosphere,  with  the  amount  of  litjuids  swallowed, 
kind  of  csorei«e  taken  by  the  individnnl,  and  with  the 
'of  the  rircntation.  Among  the  iwlid  constituents,  chloride 
is  the  mo»t  ahuiulant.  Lsetates,  bulyralea,  nud  acetates 
ia  and  soda  arc  a\m  present,  beatdcs  small  quaiititiea  of 
*te  of  lime  ;  phosphates  of  the  alkalies  arc  alwcnt,  and  the 
are  found  only  in  very  small  amount.  Cnrhoiiic  acid  and 
ore  likcwi<io  eihalcd  from  the  surface  of  the  hody  in  con- 
ihle  iiuantity,  particularly  the  former.  The  wvxA  couXKfn^ iSlwt 
of  a  pcctihar  ttxolifcA  matter,  VCTT  prOWC  \<^  diCC<im\oii\- 
3  o  2 
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tion,  Bx  well  $»  an  odorous  principle.  The  cataneooa  excretion 
from  llie  geoesral  Barfacc  of  ibe  body  liis  almost  iDvariBbljr  fto  sol 
reaction,  owing  to  the  presence  of  free  lactic  aoiil ;  but  the  excretion 
from  the  oxillii:  &111)  the  feet  is  sometimes  found  to  be  alkalior 
With  legard  Lo  the  quKiitit^,  itll  that  can  bo  stated  is  that  it 
usually  exceeds  in  bulk  that  of  the  urine  during  the  aummer  ;  but 
that  in  winter  the  urine  preponderates  iu  amount,  while  tlK 
(lokntity  of  cutaneous  tr&nspir&lion  is  greatly  and  proportion' 
alcly  diminished.  In  fact,  processes  occur  tipon  theaurfnce  ofllie 
slcin,  which  resemble  tlioctc  both  of  the  kidney  and  of  the  Iuuj;*: 
tliUBj  like  the  kidneys,  tbc  akin  excretes  uitrogcn  and  acid  mb- 
stance-M  as  well  as  the  chlorides  ;  aud,  like  the  liinga,  it  sepentei 
Inrge  quantities  of  carbonic  acid  and  squtuuH  nipour.  The  actHNU 
of  the  skin,  and  of  the  kidneys  and  luugs,  are,  therefore,  tbotigh 
to  a  very  limited  cstent,  vicarious;  nnd  when  llio  functions  of  the 
skin  are  seriously  interfered  vitb,  it  usually  Imppeiis  tliat  derange^ 
ments  more  or  less  serious,  either  of  the  kiducys  or  of  the  luagt, 
occur. 

('497)  3-  Solid  Exckkmexts.— After  the  chyle  ban  been  ab> 
sorhed  into  the  system  during  Ute  gradual  ptiMoge  of  tbc  mixeJ 
eonfttituents  of  the  food  through  the  intestinal  canal,  ihoeo  part* 
which  are  destined  to  become  excremeiitilious  gradually  acquire  1 
fscal  odour,  and  are  at  leuj;th  ejected  from  the  body.  The  cob* 
position  of  these  cxcrcmi-ntitious  matters  neeeuiarily  exhibits  grttt 
variations,  wliicb  depend  mainly  upon  the  nature  uf  tbc  food  taken. 
Bcrzclius  fouud  a  specimen  of  human  excrement  which  be  a- 
amiried,  after  the  use  of  au  ordinary  mixed  dirt,  to  co&tsio 
throe- fourths  of  its  weight  of  water,  the  rest  consisting  of  biliary 
matter  and  alimentary  debris.  A  large  quantity  of  phosphates  of 
lime  niid  nf  magnesia,  and  other  insoluble  salts  of  the  food,  >rr 
obtained  on  incinerating  the  dried  rcaiduo.  Playfair  found  ia 
a  sample  which  he  cxaminctl,  about  15  per  cent,  of  nitrt^cn  ifl 
the  dry  residue,  and  45  per  r<?nt.  of  car^ni.  The  ratio  whicb 
these  Dumbers  bear  to  each  other  does  not  diflcr  mueli  from  tW 
which  represents  the  proportion  of  the  same  elements  in  fresh  tnoide, 
which  likewise  contains  three-fourths  itt>  weight  of  water.  Acoordio{ 
to  Liebi^,  the  total  average  vcifjbt  of  ftceulcut  matter  in  its  rcocst 
atate  cxcrcled  by  u  healthy  adult  in  tventy-four  hours  amounts  to 
5^-  ouncea.  The  offcnslTe  odour  of  fiecal  matter  is  due  to  SOBW 
intermediate  products  of  oxidatioD.  These  odorous  .tub'tAnces hate 
not  been  accurately  examined,  but  they  may  be  produceJ  ortiii* 
cially  by  fuMug  casein  with  liydratu  of  potash,  as  iu  the  prvpani- 
tion  of  tyrosine  {i^zH)^     This  odour  id  of  a  different  nature  audi 
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tiid  character  vfaea  the  quftotity  of  bile  tocrotcd  is  bclovr 
nal  aniouut. 

'.  W.  Mnrcol  has  obtained  from  health]'  human  excreraeat, 
lUar  cryataliizaiile  principle  wliicli,  from  it«  origin,  he  terms 
;  he  attribuli,-«  to  it  the  formula  C^i{.^SO, :  it  has  a 
inc  reaction ;  it  fuses  at  a  little  shore  200"^,  and  ia 
1  water  anil  in  a  solution  of  pota«h,  hut  is  readily 
in  ether.  He  has  also  extracted  Irnm  the  cxcrcmcnta  a 
B  olivft-coloiircd  fatty  hody  termed  excretoiie  acid;  hut  bos 
Kord«d  any  attempt  to  dctcrmiuc  its  ooin]KieiLioa. 

4^]  4.  Pus. — This  is  a  liquid  which  I»  never  met  with 
A^  as  a  product  resulting  from  actions  excited  by  injury,  or 
■ase.  When  the  suppurative  proccsa  ia  going  on  favourably, 
rm«  n  thick,  opa<|ue,  yelloiri^h  fluid,  wliioli,  when  e^iamined 
k  mteroscopc,  ia  fountl  to  consist  of  a  transparent  liquid,  in 
a  targe  number  of  ror|iusclc9  arc  seen  to  be  floatiug.  Tliess 
kctcvarc  lai^er  than  the  red  corpuaclea  in  human  Hood ;  they 
t  of  a  granular  cell  membrane  cuclosing  a  viscid  granular 
r,  anil  a  nucleus  which  adheres  to  the  membrane.  Pus 
tlly  has  Q  feebly  alkaltne  reaction.  The  fluid  jiorlloii  lio!daa 
erabtc  <]Hantity  of  albumen  tu  solution,  and  closely  resembles 
5jr  scrum :  Icnciu  is  also  commonly  present  (Bwleker). 
tobiJea  contain  a  large  prxrportiou  of  fat,  anil  of  choles< 
*j/'nt  is  the  name  which  baa  been  givcu  to  an  albuminoid 
sometimeH  foimd  in  pus ;  it  is  soluble  in  water,  but  ia 
litatcd  by  acetic  acid  autl  by  a  solution  of  alum.  The  dried 
of  put  viclds  a  large  amount  of  salts;  in  the  OJipcriments 
mann  the  saline  coustttnents  exceeded  13  per  cent,  of  tbo 
ry  matter:  the  proiwrtion  of  phuspliatca  and  of  salts  of 
very  con&idcrable. 


CHAPTER  XIII. 
OK  TB£  xuraiTiuN  ur  rLA.tTs  akd  animals. 

$  I.  0«  the  Nutrition  of  Vajetabies, 

99)  OaiiAMixcD  beings  have  been  nrrnnged  under  titc  tvo 
divtsioua  of  plants  ami  animah ;  and  altbougb  the  lovcat 
rOacfa  dirmou  BpproniniAlc   so  clo»cly  Uiat  \t  '\«  ^\&kx^ 
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to  decide  where  one  ditisioa  begins  &nd  the  otiicr  ends,  yet  it 
their  general  relations  they  urc  not  only  widely  diflcrent,  but  eten 
opposed  to  each  oUicr  in  iiic  runctioos  which  thejr  diachorge  in  the 
economy  of  eretttioii,  the  opemiiuna  of  the  pl&nt  Ixnog  cocspte- 
mentary  to  tboM  of  the  tmimal  in  the  nicely  adjuKt«d  balance  of 
organic  lifn,  each  affording  Hupport  and  uutrimcnt  to  the  oHmt. 
The  princiiAl  fuucLiuiu  of  the  plaut  and  auiutal  may  be  tootnatri 
tliua:— 


PUmU 

P(<compM«  ««ter  aui  cubonlo  > 
mcift.  { 

They  cTolro  oiygca. 

Ihry  abnorb  nnd  nfiftimilato  nitm  \ 
acid  au<J  auiuuniti.  ) 

TIWT  ar«  fixed  in  the  toil. 

They  have  no  po«rer  of  roluntary ) 
ac'iion.  ( 

Their  crouth  li  eoatiauMU,  aad^ 
tlioreia  so  nlxiorptioD  of  nutCor  S 
«nco  dvpoaitod.  ) 


AmtmttU 

iProdtiM  anil  evolve  water 
carbODU  acid, 
lliey  abwrb  oxygm. 

iThejr  |>rDdacie  and  enit 
Bndollii'rii7.oii»cdcofnpoi 
which  Yield  ■mmODia. 
ITIiioy  paucM  the  povrer  of  tony 
woUoa. 
Tlieiractioni  are  ai>drrUieoao< 

trol  of  th«  will. 
Tlivir  t:r«>"tk.  and  tltc  a' 
ticin  or<lcpoiit«(l  matter 
adult,  g9  00  fari  foam. 


ibao^ 

ristba;^ 


Two  important  functions  have  heea  allotted  to  the  vegetable 
creation,  one  of  which  eonM^ts  in  the  elaboration  from  iuorgaoK 
matter  of  the  various  matcrialH  iieeKixarT  (a  the  support  of  aninul 
life }  the  other  consists  lo  the  removal  of  carbouio  uctd  fhrtu  Um 
ntmo^phorc,  the  plaut  retaining  the  etu-bon  aud  fixtug  it  io  ill 
tissues,  whilst  the  oxygen  is  restored  to  the  air.  These  woadcffiil 
cliangcs  are  produced  by  the  actions  of  the  regetable  ecU ;  aek 
cell  poMiCH-'iing  a  separate  and  iudcpciidcnt  power,  by  meant  of 
which  it  15  enabled  to  assimilate  new  matter;  from  tliisBuimiblai 
matter  it  prodnccs  new  cells,  and  tlicsc  iu  like  manner  multipl; 
and  produce  inuunicrahlo  other  celU.  These  snocc8»i?e  develop- 
ments of  vegetnhle  ccIIh  mny  he  readily  walclied  under  the  raicf» 
scope  in  the  care  of  the  growth  of  the  globukra  of  ycaat  (964). 
The  compounds  produced  in  the  yeast  globules  are  ooHuUn,  which 
forms  the  cell  membrane,  and  the  internal  substance,  which  contauu 
a  body  allied  to  olbuineu.  The  plant-ccU  in  the  case  of  ycul 
docs  not  vlaborato  the  azotised  product,  but  assimilates  it  fron 
the  solution  in  whieh  it  grows;  tlterc  is,  howcrcf,  Do  doobt  tlial 
albumcti  is  elnboralcd  in  other  instances  by  the  Tcgctahic  cell;— 
in  the  wlicut  plant^  for  example,  the  azotiAti)  j;Iuten  iit  stored  up  is 
the  seed,  and  in  thia  Cfl«c  it  can  only  be  derived  from  the  u, 
mutcriala  of  the  soil  and  of  tlic  atmosphere. 

But  the  mere  existence  of  aa  orgaiuxcd  structure,  cren 
aoitnatcd  by  tVic  '■nisi  loT«b^S&  -ank  wkSifiient  to  prodoee . 
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results  of  vital  activity.     It  is  necessary,   io  addition,  tliat  tlic 
plant   be  ex|>0!!«(l  to  a  temperature  raugiag  between  40"  and  90° 
and  to  «  certain  deprw  of  mointiirc.      In  tlio  higher  niftnif«»tatit>n« 
'     of  plant  life,  solar  light  is  abo  essential.     If  at  any  time  the  tcm- 
Btperaturc  fall  bo  low  that  the  plant  is  frozen,  its  vitality  is  destroyed, 
I     and  the  delicate  Ktructure:*  of  thu  tivncs  are  impaired  I>y  the  soli- 
dtlicatioii  and  forcible  expansion  of  the  juices  which  thcr  contain. 
Life    it    Eilso  destroyed  not  less  completely  by  exposure  of  tUe 
organism   to  a  tcm^icraturc   of  212^,  or  even  to  one  considerably; J 
I     below  that  point.     The  higlipp  orders  of  plaiitH  pwiuire  for  theirl 
BfuU  dtfrelopment  tliat  tlicy  shall  he  rtxited  iu  «  a>ng;euinl  soil,  aiul 
^Bm supplied  frcxiy  with  air  and  moisture. 

^F^    A  plant  in  a  state  of  health  is  continually  Diidergoing  increase ; 
Hthia  increase,  hovever,  nay  eitJicr  be  checked  or  facilitated  by 
I     modifying;  the  eireumstancca  under  which  it  is  placed.      In  order 
that  the  motliod  of  regulating  this  development  may  be  more  fully 
nnileretood,  it  ia  iieoessary  to  examine  wliat  the  materials  are  of 
which  this  increase  consists,  and   wlienco    they  are  supplied.     Iu 
uU  plants  there  are  two  distinct  aeU  of  sub^tnnccs  present;  one  of 
these  is  organic  ia  its  uatnrc  and  ia  represented  by  sugar,  starch, 
wood,  alhuraei),  &c.  ;  the  other  ix  inorganic,  and  is  reprcHeiitcd  by 
tike  various  salt«  fuitnd   in   the   asLcs   of  |)1aut».     The    matcriaU 
from  which  these  compounds  are  formed  must,  therefore,  be  sup- 
plied in  some  shiipc  or  other  to  the  groMriug  plant;  in  fact,  they 
constitute   its  foo<l.      Experiment  has,  however,  proved   tlml   the 
form   in  which  these  matters  are  presented  to  the  plant  is  by  no 
meaujs  uuimportunt,  for  the  dcincntary  hodicJt,  with  the  escepliou 
of  osygcn,  are   never   directly  arisimilatcd ;  they  must   previously 
liavc  colcred  into  combinalion  iu  aoinc  form  or  other.     The  com- 
^bnund   constituents  of  the  food  of  plants  arc  Kupplied  from  two 
^■lourcc*,  tlie  atmosphere   and    the   Miil.     Those   furuishcd    by  the 
^btmofijdiero  consist  chiefly  of  carbonic  acid,  wiitcr,  ammonia,  and 
^Blitric    arid  ;    while   the  saline   cam|)niin(U,  which   vary  with   tliftJ 
^Buture   of  the-  plant,  are  derived    from    the   soil:  without   thcuc^ 
Hdifferent  articles  of  food — viz.,  carbonic  acid,  water,  ammonia,  and 
HUie  aalti  of  the  soil — plant;*  conld  no  more  continue  to  exist  than 
^BuitoaU  could  do  if  dtprircxl  of  thcir  natural  nutriment. 
^B       The  root  of  a  plant  may  he  considered  ss  its  month,  and   the 

■  learca  a&  its  Inugs.  When  a  shoncr  of  rain  descends  through  the 
Btir,  it  carries  with  it  idl  the  soluble  niattcrw  uhich  that  portion  of 
Htlie  air  conlains;  these  soluble  matiera  consist  chiefly  of  carbonic 

■  add,  with  minute  (quantities  of  carbouate  and  nitrate  of  ammonia. 
H  The  carbonic  acid,  as  vc  have  already  elatc^l,  "v*  a.Vw.u^'wA'^  V«i* 


NttTKlTlON   07  VKQETABLtA. 

nisbed  hy  the  prooc&scs  of  rcspiiation  io  animal*,  by  corobtutia 
tnd  bv  &  Tanvtv  of  other  sources.  The  ammooia  U  fiimtilud 
mainly  by  the  putrefactiou  and  partial  oxidation  of  animal  ind 
TCgctabl«  matters,  and  is  present  iu  the  air,  in  a  quantity  riu  more 
minute  than  carbonic  acid,  but  t>tiU  in  ajipreciablc  amount  (jll)* 
Nitric  ncid  is  produced  whenever  a  Rash  of  lightning  pmei 
tbruugli  the  tuoist  air,  aiii)  tliia  compouud  is  gcucrated  eTCturhn 
silent  dischBTgra  of  electricity  take  place.  Ercry  shower  ofnia 
whicli  &IIh  tu  the  earth,  thu-t  dissolves  and  carries  with  it  (bod  Ebf 
regetatiun;  charged  willi  (he^e  nutritive  ninterinlp,  tlic  water  paw 
colatcs  through  the  »oil,  from  which  it  takes  up  small  quaatitinilf 
-lolublc  salts.  It  thus  arrives  at  the  spon^olcs  of  the  roots,  wliin 
it  is  absorbed  and  carried  up  by  the  ascending  current  of  sap,  ta 
the  k-nves,  atii]  tu  the  remotest  extrcniitie*  of  the  branches,*  wben^ 
under  the  intluenoQ  of  some  azoti^cd  matter,  and  of  the  solar  Ii|cht, 
the  carbonic  acid  iiiidcrgoes  a  rciitarkable  change:  a  portion  of  the 
water  likewise  i-xpericnccs  decomposition,  in  coiwequeuoe  of  which, 
osvgen  gas,  mingled  with  &  ()uautity  of  nitrogen  varying  from  one- 
half  to  one-tenth  of  the  bulk  of  the  oijgen,  is  given  out.  Sujk 
poaiiig  that  this  dvconipositiou.  be  effected  upon  carliunic  acid  Bad 
water,  in  the  proi>ortion  of  one  fcjiiirnlail  uf  each  of  these  cma- 
ponuds,  a  aubataneo  would  b(!  formed,  hnviiig  the  same  ullimitt 
composition  aa  fructose,  or  fruit-sugar  ;  Cfi^+  HsOj  — 0^=a  CUO, 
or  6  (C,0,  +  H,0j-OJ=C,,lI„O,a. 

Su<;ar,  indcL-d,  app«arH  tti  be  the  basis  or  fouodatiun  of  organic 
matter  in  gcnciat,  and  (roni  it  all  the  varieties  of  orguni2<^  priK 
ducts  mifrlit  be  ubtaittcti,  by  the  addition  or  subtraction  of  water, 
oxygcu,  anil  ammouia.  If  frnctosfl  (C„U,,0,.)  be  deprived  iu  tbt 
plant  of  2  cquivnleutd  of  water,  starch  or  cellulin  is  the  reealt,  aad 
•larclt  miiy  u>;nin  be  brought  into  solution  when  necesMry  ft* 
the  |)1unt,  by  the  action  of  diastase,  or  of  some  principle  which  aeti 
as  B  ferment,  and  enables  it  to  resume  the  water  which  it  had 
lost.  The  latter  change  actually  takes  place  during  the  g«w 
Dsition  of  secd^,  which,  wlieu  moi»lened,  swell  and  absorb  oxygea, 
whilst  carbouic  acid  is  emitted,  and  tLc  starch,  under  the  iofluoia 
of  diastase  is  conTortcd  into  sugar,  iu  which  form  it  s«rm  as  fooJ 


*  AlLlioufth  it  lia*  bom  ttstiid  that  Lli«  princip*!  supply  of  cwbaaie  lai 
{a  fiirui«licd  to  the  j>latil  asssoluLioa  ui  wsloruliieh  it  sImoHwhI  trom  tlxiMl 
Ir  [k«  root*,  it  uiunt  not  he  ioraoHai  Ihst  iLc  Imti-s  tditv  prc«mt  pontMij 
abaorbent  viirfacrs,  and,  like  tne  lungi  iaaoimnla.  not  only  minister  ID  Iki 
n-«piriiIiLin  ol'ttie  Drji.imiim,  but  nro  Treqiumlly  ■h<'  inlrl  of  a  variety  aTnb 
sIftii>.-«4  wliich  titc  capMir  uF  lun imitation.  lU  ui<!l  m  of  llio^ie  lluit  are  not  to. 
Carbonic  ai-iil,  iu  particular,  is  absorbe-i  by  the  leai-es  wilb  grvjil  rspitlitr,  W 
hai  b««n  tUowu  by  tlio  etprriiueiita  oC  Fopys  sad  vilirri. 
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for  tlic  young  plant.  If  tbc  ^owth  of  the  seed  be  checked  at  & 
particular  stage  b;  suddenly  rniaing  tlie  teTD]>erature,  the  greater 
part  of  tW  Mt&ro^i  wilt  lie  found  to  have  di«appcarci]  from  thcRvcdj 
luid  its  place  will  have  been  taki^n  Ly  sugar ;  these  being  in  fact 
the  changes  which  occur  iu  the  proceos  of  viaUivg  (949).  But,  if 
grrminatioa  he  alloncd  to  procnnl,  the  starch  ami  the  sngnr  grs- 
dually  disappear,  and  ligiieoua  fibre  is  formed,  which  contains  the 
elenseota  of  frtiit-su^ar  minus  %  e(|iiiratciits  of  water.  During 
the  ripening  of  fruits  tbc  pulp  gradually  assumes  water,  and 
bttcomes  sweet;  the  fibrous  portions  of  the  fruit  being  grentljr 
diminished,  while  the  ftacebarine  and  mucilaginous  coustiiuculs  are 
increased.* 

•  Aepordinjftothe  observations  of  fVcniy  and  BdMtNne.  moat  unripe  fVaiU 
eonUiin  RtnN'h  (but  this  »pprar*  to  b»  inoort'i>L''t  as  a  K^ti<;ral  mie],  ligncoos 
nhrp,  |ii>«tuii!  (I'o.l)'  '"'*^  "  p^cul>or*ul>atB'>ce  capaMf  cif  rumiahini;  guui.  wldoh 
tber  bavc  Irrmi-'d  gammoie :  in  addition  to  thenc  iiii;rc>tlirntB.  Connin  and  »oraa 
of  Ihc  »cB<'l«l'io  «tid«  are  prpsPDt.  Vurinf[  the  period  of  tli«  jcrowth  of  Uio 
friliE,  irhUil  il  rcliiini  ils  njwn  (.-oloiir.  it  doDompntra  Mrlionii!  noid.  and  rinitR 
fnxys-i^  tibe  (lie  Ivavm  of  a  Croc :  but  when  the  fmit  be|>iiiB  to  ripen  it  grft- 
dually  b«Myint>B  noTtiT  nud  more  tranaparvot.  and  oijK^n  ia  abporWd,  wbilat 
cnrboniD  Ae\A  in  iM'olved.  During  tbin  rTAtuCion  of  I'arhonic  nmd,  n  miiMiciiiiion 
of  slow  oxidulioiu  is  tnkiiig  placu  xitliiu  tbu  vdlulei*  uf  the  fruit  i  the  laonin 
finrt  diMppritrji.  mid  tiic  ffkl-IbIiIp  uriiiii  «re  then  Bntdiinlly  fon»uinfd;  whfn 
UiiB  point  oas  been  reBch£>d.  the  Irult  is  i;eDersny  in  the  proper  eondition  to 
bo  ralrn.  1(  it  t>R  ke|>t  longer,  tlic  nugar  in  it«  turn  cxprrii-nci^s  oxidation, 
and  the  fruit  bocnmea  Mat  and  tnstolcsa,  and  by  proloDged  keeping  it  nndcr- 
goc«  drcay. 

i  Tbo  coTTeclness  of  most  of  the  foregoing  slatementi  in  euil?  Teriricd,  The 
.  |(Kmu  of  ripi-ntnjt  g'-'nfirully  taken  place  but  (rliilot  tbc  frail  (iitn^  upon  ths 
tiv«.  but  in  umuy  canoe,  lu  in  tbe  appip,  the  pear,  itud  the  orange,  the  fruit 
continun  to  ri{>m  nflcr  it  baa  brru  gatlic-red.  In  euoh  «a*o  oxygi-n  sua  ia 
Obsorbrd,  and  carbonio  aoid  cvolred.  The  prop'^riion  of  acid  conlained  both 
in  growiDK  and  iu  detftrhed  fVuita  ia  )ea«.  in  th«  ripr  ttmii  in  tlie  unrijic  fruit. 
The  ditJippeRniQ(.>e  of  the  aridity  in  fmiie  durtiii;  the  praucss  ormstnniiion 
appMU-a  to  be  denendeutuponluia  absorption  of  o:eyKi-'n,  na  ia  well  exemplified 
ID  tba  cn>«  of  thn  coiamnn  eydcr-appk'.  Thii  ft'iiit,  nhen  wbolr-.  hna  an 
austere  aour  tnato,  but,  hy  orushin);  and  expoaioK  it  to  air  for  a  tJiort  litne, 
llur  flavoor  becoiDca  sweet  mid  atirooahlci ;  the  re ^rliibh' acid  haYtnc  under- 
gone a  slow  oxidstloD,  in  consequenop  of  whieli  it  has  hecome  iWDverUd  into 
carbonic  a«id.  Tb»  incroaie  in  tho  quantity  of  sugar  durinc  ripcnini;  la  ja 
•0000  ca4ca  very  KTeat,  ni  r>>r  initmioc  in  the  aprient.  whioh  wliilat  grpvn  con> 
Inins  Bnreely  any  ai.>|;ar,  thoujjh  iu  the  ripu  fruit  aa  uiueh  aa  lo  or  1 1  per 
'  «eal.  hu  brirn  fixind. 

Buiiinet  {Abji.  de  Chimit.  HI.  hi.  i'X^  baa  sabcuitted  a  larse  nnmher  of 

frail*  to  n  careful  cvaniiniitii^in  duriiifc  tliu  procfi**  of  ripening;.     1I«  Hnda  that 

in  ociJ  frtiiC4  (be  augur  either  eonsists  of  inrerted  augar,  as  in  tbo  grnnn, 

j  ^he  cberrv,   lllt^  ^oii»i- berry,  and  thu  li^,  ur  it  oonaiatii  of  n  mixture  of  thii 

I  mgar  with  pure  uanc-eu^ur,  as  is  the  cbs?  in  the  apricot,  tbc  pcovb,  thr  apptei 

Itlie  ptne-apple,  tlie  otnjn.  theoroiiKe,  thf  plum,  and  the  raapberry.    Thi* 

|iitrw1«<i  maar  appfura  U>  have  been  derived  from  cnna  augar,  aa  no  other 

Tariefy  ofaugar  upp-eara  lobp  c^oiivertible  into  it.     The  banana  ia  not  an  acid 

frntt ;  it  cuntdina  n  ^ood  deal  of  alatvh  during  riponing.  and  yields  auL'roae. 

liie  nue-su;,'ar  ofadduloud  fruil*,ho«'errr,  does  not  appear  to  bo  derived 
'  frnn  alarch— inderd.  no  x torch  is  to  be  found  in  any  of  tlivse  arid  fruit*  1  but 
'  iiuleBd  of  starch  they  oontaiDan  astrintfmitcuiupound  which  runti^hraa  ooloui< 
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It  may  be  iustractive  to  ob&crrc  liov  readUjr,  by  absorpdonl 
oxygen  »nd  separation  of  water  from  sugar,  the  principal  TCgetable 
tciiU  may  be  sappoKed  to  be  geuerated : — 

C>Ui9«iil.  OhKaM. 


(0 
is) 

(4) 


6(rHo.cp;) 


3  (2  IICCJI.OJ 

TuUvfeacU. 


6  (1  H0.CsH,O,J  =  4C„Il „0u  +  9  0.-6  V^O,- 

Again,  if  instead  of  fonning  »wgnr,  lo  utorn*  of  carbofoe 
acid,  and  i6  eqiitvnlents  of  «ater  were  to  fpve  u[i  the  wliole  cf 
tlieir  56  e(|uivalents  of  oxygen,  a  compound  would  Ijo  furnisbcd, 
corrviipoiuliag  to  oil  of  turpentine,  and  furniirig  the  bajus  of  many 
of  tlw  njsiiiK  ;    ioCjO.+  8  I!,0,- i4  0,=Cj^H„. 

The  complicntoil  azotiscd  prluciplca  uaj  be  also  tractd  a 
tlieoiy  to  grapc-aitgar ;  tliua  : — 


I 


iaCuH,30„+i6HgN=4C„H„N,Ou+42H,O,+30^ 

Theee  equations  have  been  given  with  the  view  of  pointingoni 
the  eimiilc  rdations  of  eugnr  to  the  \-anou9  organic  acid»,  aai 
not  with  auy  Iiiteiition  of  asserting  that  the  changes  wbicb  thef 
indicate  actually  take  plane  in  the  form  thus  represented,  thoufk 
it  ia  obvious  that  some  such  chBugv»  must  occur.      Sugar  or  gan^ 

ItM  eombinatidn  with  iodine,  and  which  hu  ■  (till  itroog^r  Ivodntey  to  miilt 
with  iodise  llian  )■  poKnrsM^  by  •Inrch  iturlf.  Tliia  rlrcutnitaiicc  may  b< 
tsliM)  adranlHue  of  lu  drl(>miiniu);   lli«   rrlaUTp  nuMitity   of  tliia  rabaUMe 

iiR'wnt  m  ngirmfniil.  or  iu  IheMmc  TniiL  it  diffi-rwil  iitriodaof  ■■nintji 
or  by  employint;  a  Rtanditrd  nolmioo  of  iodine  kud  adding  starch  paatelolW 
liquid,  it  u  cany  to  n»i-«Mnin  llic  niinib^r  of  diruicnu  M  the  iodtM  h^W 
mdfM  {tout  tliv  liurviti^  bi'f<'re  iho  lUti-li  bvgiai  to  «bow  tU  oharaeUnlliE 
rc>1[>ration  ;  the  cumpouiid  furmed  cotilaiim  fruin  lA  to  17  pcrcvnt.  of  lodiur. 
^'licn  tliiKMtriutC<'Dt  fubatuicc  ii  boiled  (villi  dilulvd  •ulphunL>actd(i  oftol 
lo  too  of  wat«r}  it  vivldii  n  sart-'liorine  colutiou. 

BuiXDct  (xmsitfrrs  thitt  thr  lonvcraion  of  the  cui«-sajtar  into  iafWMJ 
SUKAi*  in  the  fruit  U  duo  lo  a  apvirial  frnuput,  rot  to  the  aetion  of  ih*  uii' 
the  folloirtiiK  oxporimciit  >u|>poru  ibis  viun  : — Ueiook  two  porliuoaof  pnM^ 
juirr,  dihitrd  one  «itb  toicv  it«  bulk  of  alrobol,  by  wliich  tlio  (crmcM  <■ 
CDfl;tulalMlatid  tiMidrnd  iiirri;  theotlicr  portMnhemixedwiib tniR) it« hoft 
of  antir  i-ODtiininKmrboDale  of  limeiu  hu  1  pension  ;  tnhftlf  anbourbcmtm^ 
hoib  li'^uidoi  iLe  mlatorj  jumcr  of  caoh  wu  alilcei  in  1  went j. four  bo»ir»  li» 
ni^iitnitiird  li(|uid,  niri[«initJg  unnhrrpd  fcrmpnl.  Iind  hrriiiD«  ropy,  and  ll* 
TibdoofllM  ruie-tucarludlfecome  inverted,  while  the  poittou  lo  ubirh  lie 
alcohol  Liod  been  uhuil  rtmaincd  tuultcnd. 
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and  starcli  or  ligneous  fibre,  are  amongut  tho  tacmi  tbuudant  and 
geatirally  diffused  vegetable  productious,  and  it  is  very  probable 
tliat  these  Wilic:*  inaj-  ritniisti  the  materialH  fnini  which  the 
Various  vegelable  acids  aud  other  simpler  compounds  of  tegctable 
oiigiu  arc  ohta.iiicd :  but  if  this  bypothceis  be  doubled,  tlicrc  ia 
no  difficulty  iu  traeing  tlieiie  &ci(lii  and  the  other  bodicn  to  the 
^carbonic  acid  aud  water  upou  which  the  plitnt  operates.  For 
^umtuice,  oxalic  acid  might  be  produced  from  carljouic  aciti  and 
Ba-ater  by  ti»e  following  cliaugi-Ji;  4  CjO^+i  IljOj— 0,=  2  (a  HO, 
HCaOJ.  Id  the  caiso  of  malic  acid,  the  changes  might  be  the 
following:  4C,0,  +  3  IljOj— ^0^=2  HOjCgll.Oa;  aud  so  on  nitb 
the  other*. 

It  ia  impoesible  in  the  esiatiag  ittsta  of  our  knowledge,  to  trace 
the  cause,  or  even  the  exact  nature,  of  the  changes  produced  ia  the 
variouH  Quids  which  circulate  in  the  plant  or  in  the  animal. 
^,The  theory  which  has  the  strongest  apparent  analogie!)  in  its 
B&voQr  ia,  that,  by  the  presence  of  some  albuminous  fcrmeat 
analogous  to  diastase  or  to  syuapta«e,  au  cUmiuation  of  various 
ooinpoiaid&  tukes  place  in  particular  organs,  juat  at  thti*e  points 
where  the«e  reriucutH  arc  deposited.  It  ia  further  tiipposcd  that  the 
same  complex  orga.uic  tl  utd  ia  capable  of  undergoing  changes  differi  ag 
with  the  nature  of  the  substance  which  excites  fcrmenlation,  and 
that  hiitce  it  happens,  that  the  same  fluid  may  deposit  in  different 
tisduca  secretions  possessed  of  very  dilTcrcnt  qualities  (94S).  The 
substances  thus  produced  must  necessarily  be  coin [ilcmcntary  to 
each  other :  that  is.  to  say,  the  pn^duct  of  secretion  and  the  altered 
fluid  which  furuiahea  it,  taken  together,  nitist  coutaia  the  same 
elements  as  the  original  sulistanro  from  which  they  were  produced. 
The  foregoing  hypothc«i.<t  aftordti  no  explanation  of  the  manner  in 
mhich  comi»ound»  previously  existing  in  the  circulutiiig  fluid,  as 
rea  is  known  to  do  in  the  blood,  arc  separated  fram  it  by  the 
itiary  operatlou  of  secretion,  but  the  processes  of  diffusion  and 

is  ate  jirobahly  iroportautLy  concerned  iu  these  eaaes. 
(1500)  Food  0/  Piattts. — As   has   been   already  stated,   plant* 
arc  the  grand  reducing  instruments  in   the  great   liiboratory   of 
[Nature,  aud  by  renewing  to  man  fre»li  materials  suitable  for  fuel, 
|lhey  arc  restoring  to  him   the  power  which  he  has  exhausted 
iSn   combustion  under    the    hoilcrtt    of    tlxe   steam-engine,   or    in 
muscular  energy,  cither  in  his  own  person  or  in  that  of  the  bcastaJ 
iWihaervient  to  faia  will.     This  eucrgy  can  only  bo  again  renewed' 
|Itjr  a  fresh  supply  gf  food,  which  iuu»t  be  drawn  ultimately  from 
Ute  vegetable  creation.     Owing  to  their  reducing  action   upon 
iiratcr  and  carbouic  acid,  plants  arc  continually  exhaling  oxygen 


diiring^  the  clay-liine,  but  at  niglit  tlicy  emit  carbonic  acid, 
emission  of  carbonic  acid  )i|)pcars  to  bo  in  most  inatuncM  a  men 
iriiiwiuliitioii ;  the  g»fi  i»  absorbed  hy  the  roots  by  uiglit  u  irdl  ti 
by  duy,  but  in  tbe  absence  of  solar  1i|;bt,  ueither  carbonic  iciii 
nor  water  is  ilccotnpoaed,  and  both  e*c«pe  uncbnngi^  into  the  tiri 
hence  it  was  ukt  ouc  time  Buppaxot  tlint  plants  during  tbe  night 
icruuHy  produced  carbonic  acid.  A  real  geiicrAtion  of  rarboar 
acid  does  however  take  place  during  the  gorminatioQ  of  the  lec^ 
during  (lowcriug,  and  during  the  maturation  of  the  fruit ;  ibat  it 
to  say,  nt  such  times  as  the  »aechariue  ur  acid  compounds  arc  under* 
^ing  oxidation.  It  ia  worthy  of  remark,  that  at  this  time  wgar 
diMppcars  rapidly  from  the  plant,  so  tlint  if  tliesugnr-cftneorbaet- 
root  be  gathered  after  flowering,  the  produce  of  sogar  is  gnitejJ 
dituinislied.  ^H 

The  fuiictiona  of  ammonia  in  vegetation  are  ntraoast  as  inpOC 
tant  xs  tho#n  of  carbonic  acid,  inasmuch  aa  the  juices  of  all  plaali 
conUun  a  portion  of  ozotised  nottcnt  which  are  necessary  to  tbeii 
«'Cll-bcing,  and  which  form  in  important  item  in  their  coiii|Mh 
sition,  particiilnrly  when  ronHidered  in  relation  to  the  nnlritin 
qualities  uf  tbe  pluiit  la  an  nrtivie  of  food.  One  of  the  priocipal 
circumatance!t  which  give  to  animal  manure  its  high  mine,  is  ihr 
large  proportion  of  ammonioeol  compounds  which  it  is  capable 
supplying. 

All  plants,  in  uddilioii  to  their  principal  constituents, 
hydrogen,  oxygen,  and  nitrogen,  contain  minitlo  qnnntitic* 
certain  salts,  which  nre  no  less  essential  to  their  growth  and 
det'clupmeut,  than  those  elemeuti  »Uich  occur  in  larger  (|uautitic4. 
Some  idea  of  the  probable  use  of  these  inorganic  matters  may  ht 
formed  from  a  consideration  of  the  cITectii  producible  in  the  tabon- 
tory,  ui>ou  the  varionn  prtidiicta  of  vegctBtion,  by  the  acidis  audbf 
the  alkalies.  Starch  and  canC'Sugar,  forcxamjde,  are  conTtrtcd  ialA 
gra|>e<sngar  by  the  action  of  dilute  uilphiinc  acid  aided  by  hesl : 
and  if  »tarcli  be  mixed  with  dilute  ftulphurie  arid,  aud  with  t 
tnateriiil  wliicb,  like  pcroude  of  manganese,  furnishes  oxygen, 
foroitc  acid  ia  one  of  the  prt>ducta.  In  like  manner,  under  ike 
iiiRncnco  of  potash,  the  natural  fats  and  uiU  arc  dccompMiJ 
into  fatty  acids  and  glycerin.  Analogous  changes  may  be  snppoieJ 
to  occur  under  tbe  inflnenec  of  neids  and  of  alkalies,  in  the  jA 
more  subtle  cheruical  operations  which  are  constantly  occurring 
in  the  organs  of  lit-ing  plants  and  animals,  by  which  the  arrao^ 
ment  of  their  components  in  mollified  and  altered.  In  otbv 
cases,  the  obvious  use  of  the  saline  matters  it  to  furuisU  a  akekton 
or  SHppurt  tor  \,\\e  ^XsluN..    'tV\a  S»  ^^ll».^Vi  0,w  ^ucipal  iwiof 
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silica  in  the  slem  of  the  ^ass-tribe,  and  of  oxalate  of  Hmc  in 
uuiDy  of  tlie  licltciis. 

tit  has  already  been  rumarkiMl  tlitit  the  food  of  plants  !s  derired 
m  tno  sources,  viz.,  ttic  atmo-^phere  aiid  the  soil.  From  the 
almoaphcre,  <:Arboiiic  and  nitric  acida,  aoiniouia,  and  water  are  sup- 
plied  ;  whilst  from  the  eoil  nrc  furnished  the  Tarioua  Raliiic  mate- 
rials ucccftBar^  to  the  hcaltlir  growth  of  the  [ilniit.  Now,  in 
certain  cases,  all  these  materials,  with  the  exception  generally  of 
carbonic  acid  and  wutcr,  mav  be  present  in  quantity  too  scanty  to 
produce  a  luxuriant  orop ;  and  the  great  praeticul  prablvm  sub- 
mitted to  the  farmer  for  solution  ts  the  discovery  of  the  nature 
of  the  misaing  materials  in  auy  given  case  ;  and  of  the  means 
by  wliteh  these  mis&itig  inaterialK  may  be  ino»t  elicajJy  and  cflcc- 
tually  supplied. 

«When  a  crop  is  carric^d  off  from  t1ic  land,  it  necessarily  takes 
th  it  a  ecrtiiiti  amount  of  inineral  niatt<.-r«.  If  these  mineral 
bodies  bo  prcseut  in  tho  soil  in  muall  quantity,  and  if  Crosh  crops 
be  continually  carried  olf  without  prorisioii  for  the  return  of  the 
matters  to  removed,  the  land  will  in  process  uf  time  become  cx- 
haosted  of  one  or  more  of  these  necossary  ingredients,  and  sterility 
will  be  the  inevitable  result.  One  great  object  of  the  fanner  in 
manuring  his  land  is  to  restore  these  sparingly  distributed  hnt  cuAeu- 
tial  saline  Ixjdieii  in  proitortion  as  they  are  removed  froai  the  farm 
in  tlie  form  of  corn,  of  straw,  of  hay,  or  of  stock,  which  has  beea 
reared  upoa  the  produce  of  the  land. 

It  is  miinircst  tliat  a  feitile  Hoil  should  retain  it«  fertility  if  the 
mannre  supplied  restore  exactly  those  subsLaiices  which  previous 
cropa  had  removed.  There  arc  few  substances  which  more  nearly 
fuliil  this  purpose  tliau  farm-ynrd  nninnre  ;  because  the  salts  and 
mineral  ingredients  present  in  the  food,  pass  olT  almost  uhulty 
into  (he  excretions  of  the  animal ;  and  thus  the  itigrcdieutd 
restored,  so  far  ii»  the  supply  exteiuU,  nre  uearly  identical  with 
those  whieh  have  been  removed :  sinee,  if  the  ash  obtained  front 
a  given  weight  of  any  specific  crop  be  compared  with  the  ash 
oblaiued  by  burning  the  excreta  of  animals  fed  upon  au  ecjnal 
doautity  of  the  same  crop,  the  composition  of  the  ash  in  the  two 
faapea  will  be  nearly  identical. 

^P   It  id,  however,  well  known,  that  the  rccciit  droppings  of  cattle 

Hit  fu  more  cSectunl  as  manure,  than  the  ashes  of  such  manara 

Inwn  burned;  piirtly,  because  the  recent  manure  coiitaius  carbon 

in  a  form    which,    during  its   tiixny    within   the  soil,    gredually 

■applies  carbonic   acid    to   the   roots   of  the   plaot ;  but  chiefly, 

as  it  appears,  because  it  coutaius  a  large  \iTovotX)iou  q1  ii\\-t(y'^v.\\^ 
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which,  daring  ita  putrcfoctioii,  furuislies  anamonia,  or  some  oUicr 
uoUscd  coiii]>ouu(l,  in  a  form  euited  to  tb«  wanta  of  the  groiriiig 
crop. 

It  is  owing  to  similar  omaca  that  uiglit-tioil  anil  urine  pOM«M 
M  tiigti  a  value  a«  manure.  Ttiey  are  much  riclier  in  uitrogennod 
compounds,  aud  io  pliospbat«a,  timn  farm-yard  mnnurc;  and 
indeed,  they  contain  all  tlic  aaliiic  constituents  of  tlic  com  and 
sniiDal  foot),  o»  well  aa  almoat  all  the  uitro^n  of  the  aiotiied 
constitucnift  of  the  food  vhifh  hnd  Iwcti  oonvfvcd  intoth«  Btocnaeh, 
wlietlier  thow  ii2oti»cd  constituents  bad  iwen  assimilated  or  not 
The  Cliincwe  lutve  Idrk  been  aware  of  the  imjwrtniice  of  these 
materials  as  niaourc,  and  their  collect  aud  cart^fidly  restore  to  their 
fields  that  which  vc  in  the  pride  of  aiipcrior  cinlization  diwhaige 
into  acHcn,  and  wavtefully  consiga  to  tlie  oceau,  after  allowing  ii 
to  accumulate  in  olTcnnvc  mud-banks  within  our  tidal  risers,  ujkid 
the  shnren  of  wliicb,  by  the  ebb  and  flow  of  the  tide,  it  ia  nltcmilely 
exposed  to  the  beat  of  the  suu  and  to  the  action  of  the  water,  under 
oircamstanoea  the  most  favourable  to  its  decomposiliou,  in  nonsc- 
qaettoo  of  which  it  a  constantly  contnroinnting  the  atmoixpi 
our  large  towua  with  ita  aickcniug  effluvia. 

(ijQi)  I'arhrtiea  of  Soil. — tii  order  to  render  the  cbemi 
action  of  manures  intolligiblp,  it  will  bo  DccoHar;  to 
rapid  aiirvey  of  the  principal  kindn  of  noil,  and  of  the  nature  of 
tlic  mliuv  ingTxxlicnt»  required  by  ordUiary  farm  crops  iatinf 
tlieir  growth. 

SoiU  Tiiry  greatly  in  physical  character*,  as  itcU  as  io  cbemical 
COmpOMtton.  A  xill  mar,  for  example,  l>e  devenbcd  as  »anif, 
tlayey,  marly,  or  ealcareout,  accordiug  as  silica,  alumina,  ur  licuc  >* 
the  prevailing  ingredient.  The  land  will  al»o  be  porous  or  it\ff, 
moist  or  dry,  pikrtly  owing  to  these  peculiarities,  and  partly 
owing  to  ita  geologieal  position,  according  as  it  r«»ta  Rpoa 
saud,  upon  chalk,  npoii  gravel,  or  upon  day ;  its  cliaraotcr  will 
also  vary,  (tartly  owing  to  ita  site,  according  lu  it  lies  high  or  lov, 
and  aa  ita  surface  ia  inclined  or  horizontal.  But  tbeae  coimde- 
ratioiis,  though  of  high  imjxirtnnce  to  the  agncultutist,  lio  beyflod 
the  proviuL-e  of  the  chemist,  whoec  principal  attention  mast  pdl 
marily  be  directed  to  the  chetnical  ].wculiaritica  uf  the  M>il.  M 
order  that  a  soil  b«  fertile  it  must  not  only  be  irdl  dnincd 
and  aufliciently  watered,  but  it  most  pomees  a  certain  qnantiiy 
both  of  organic  and  of  saline  ingredicittH.  j 

Seeds,  it  is  tj^c,  in  some  cases  may  be  made  to  genahiM 
and  dcvclopc  plantt  uinn  flannel,  or  in  wcU-wasbcd  ailtceott- 
Nliul,   if  duly  mowltMci  ^tom  Vwvc  Vi  "ttvaa  -suh  diitiUod   wsHfi| 
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ihnta  thus  obtaiucd  may  crcn  sometimes  Qonrcr;  but  they 
produce  fertile  seed ;  and,  if  thcec  (ilaiits  be  buracd,  ths 
I  of  Oie  aab  trbtcli  they  tielil  iicrer  exceciU  tliat  of  the  iwh 
d  by  s  qiuiitity  of  seed  equal  to  that  fruio  nhieh  llic  plants 
niscd.  Dy  nrhHng  suitable  ratine  mixtures  to  waahnl  mUccous 
Wieginaiin  itiiil  I'ol^torf,  liowcv«r,  ohuincd  tobacco,  ouu, 
r,an(l  other  plautH,  ia  healtliy  growth,  wbich  funii&liod  perfect 
In  these  ca»e8  the  plants  hxd  been  eupplial  with  thosQ 
uJs,  the  ab«enoe  of  which  hzul  in  the  i>reviuu»  bx[M;ritnenl« 
led  tlietr  muture  devclopmeiiL  It  must  not,  Uuwurcr,  bo 
y  coiirliidrd  from  these  result-s  that  orgnnic  manures  can 
luf^unly  he  dispensed  with  in  ngricidttirc  j  i:\pi,Ticuce  has 
proved  tliftt  a  judicious  comhinstion  both  of  organic  and  of 
:  nunurcs  is  essential,  and  it  is  owing  to  ignorance  of  this 
lut  mttny  of  the  patcut  miacral  muuurcs,  when  lucd  sJonc, 
i;aally  failed, 
it  classes  of  pUnts,  in  order  to  the  production  of  a 
:Qt  growth,  require  n  soil  powcsscd  of  physical  qunlitica 
■uu»t  v&ry  according  to  tlie  kind  of  crop  ;  and,  iu  addition 
I,  each  species  of  plant  requires  ft  variation  in  the  cheoiioJ 
(ioD  of  the  Boil,  suited  to  its  peculiar  habits.  Tlic 
aud  Rio»t  aliLindBiit  oomponciitn  of  the  sod,  wlicthur 
ciUceous,  aluminous,  or  calcareous,  art  uut  those  nhieh 
the  greatest  influence  upon  tbe  development  of  the  plant, 
ply  constitute  the  mntri^t  in  wbich  Uic  plntit  grows ;  and 
is  more  or  le-»  favourable  to  its  growth  according  as 
\  chnracttT  is  more  or  Icse  conformed  to  the  wants  of 
;  but  the  chcmicaUy  active  eonstitucut^  of  the  soil  eon- 
eertain  soluble  saline  comfiounda  which  are  generally  found 
in  comparatively  small  quuntities.  In  natural  and  fertile 
these  salts  are  already  present,  either  in  an  active  or  soluble 
or  else  in  the  pa^ive  or  insoluble  condition,  stored  up  in 
bicb  have  nut  an  yet  become  disiute^rated  by  cspuaure  to 
cr. 

Liehi^i  Cfaaiificalion  of  Cropt  hy  their  Athea. — In 

iiscenniii  Ihc  nature  of  the  sall^  wbich  are  essential  to  tbe 

if  any  plant,  Liebig  insisted  on  the  im|X)rtaoee  of  an  analysis 

iM  obtained  by  burning  such  plants,grou'n\'ipnnaBoil  which 

itrn  lo  suit  them;  and  iu  aiTurduncc  wttli  this  suggestion, 

I  Dumber  of  careful  anatyacs  of  the  a^hcs  of  the  more  tm> 

i    vanottra  of  cultivat<:il    plant*   have  been   made  btrth  on 

lot  and   in  this  country.     From  tbe  reau\ta  VUus  c^- 

vfpaMt,  t.  that  the  numfccr  of  the  mineral  «m*X\\'M;«.>* 
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of  plants  is  comparatively  small ;  2.  that  tlic  nature  of  tite  miitenl 
COQslitueiit*  varies  iu  (lifTcreni  tribes  of  plants ;  and  3.  that  it 
rarics  even  in  ilifTeruut  parts  of  the  same  ]ikut. 

Potash,  soda,  lime,  magnesia,  witli  now  iiud  then  small  quaik 
titles  of  alumiHaj  oxide  of  iron,  and  oiide  of  manganese,  are  tbs 
b&6CB  found  in  vrgfrtaWe  tissues;  and  they  occur  in  roiiibination 
with  sulphuric,  silicic,  and  phosphoric  ncids,  as  well  as  with  h;ilrci> 
cliloric,  nnd  with  varicius  organic  ncifls ;  the  carbonntcit  of  tliMe 
bases,  which  are  so  frequently  found  in  the  mYea  of  plants,  m 
derived  from  the  compoiiuds  of  the  organic  acids  with  the  alkalla 
which  the  plant  contains,  nud  which  arc  destroyed  when  h  ti 
burned, 

Lichig  has  proposed  to  claas  vegetables  for  agricultural  p(l^ 
poses  accoi-ding  to  the  compoeitioa  of  thdr  ashes,  aud  the  fbUoo- 
ing  Tabic  will  giv«  an  idea  of  the  general  pnncipte  which  he  im 
adopted.  It  will  be  ubscrved  that  the  luiaie  pl&ut  uuiy  apjiear  to 
two  different  colutnos,  as  though  it  belonged  to  two  diOerau 
clanes.  The  ash  of  the  tuWr*  of  the  potato,  for  exain]>Ie,  is  rldi 
in  alkaline  uilts,  whilst  the  haulm  abounds  in  salts  of  time; 
beuoc,  as  is  shown  in  the  second  HubdiriBion  of  the  Table,  the 
potato  sliotdd  be  regarded  as  belonging  to  the  alkolino-calcateooi 
class: — 


Alkalina. 

Oaleamnia. 

SXetOHii 

Maiz«  (clraw) 
TiiTiiipw  (roots) 

Potaloei  (tubert) 
J«riiiuilci:n  art<- 
chokev  (Lubi'ro) 

Tobacco 

Pea*  [Htnxr) 

PoIaU^ca  (banlm) 

Clover 

Jar.  artichnfcol 

Xurui{iB  (lop*) 

Wlieati 

Si"-- 

AJIuJino-caloaiiBoaa. 

Caloaxvo-nlioMMS. 

AlUlbo^EUcvooa. 

Peas 

Jcruwilem  arti- 
choke* 
Potato** 
Tuniipn 

Barley 

Wheat 

Oats 

Bye 

The  reeulta  of  such  analyses  suggest  a  probable  reason 
plants  of  diftV-n^iit  upmcs  do  not  all  thrive  equally  well  in  « 
which  may  tic  highly  productive  for  a  particular  crop  ;  since  a  sum 
which  abouuds  in  the  aatiuc  mattera  required  by  one  crop  may  he 
deficient  in  the  iiigrcditruts  nccc«fiftry  for  the  full  drvclupmcDt  uT 
plaats  oE  a  (WScTent  s\wci\i£«..    %j»\t  crogs,  and  succulent  phnt^ 
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llioratb. 

Whcfit  straw  contaiuB 

230 

Oat  straw 

It       • 

140 

Bnrlev  straw 

>i 

110 

Rvc  straw 

>i       • 

60 

R&pe  dust 

H 

120 

generally,  require  ahnndsnce  of  alkaline  and  caVarcoas  ults;  and 
expericace  has  sliovru  tbut  the  grcciitthootfi  of  all  plants  are  tbaic 
which  ooDtain  thcec  constltncata  iu  the  lar^e^t  j>ro^rtiuit ;  tli« 
graMCii,  and  plants  with  otift'  but  not  wootly  stcma,  arc  rich  in 
silica  ;  while  the  grniu  cto^,  and  secdi  in  general,  as  veil  a»  tlioM! 
plants  which  arc  richest  in  azotiacd  nutritive  inatvnuU,  abound  iu 
the  phoi>plinte»  of  the  alkalies  nnd  or  the  earths. 

Not  only  docs  the  corn  position  of  the  at^h  \'ary  in  dilTerent 
plants,  but  its  quantity  varies  also  within  wide  limits.  According 
to  the  estimate  of  Joltiiaton,  a  tun  of  each  of  the  fuUowiug  aub- 
stances  in  ita  uudried  condition,  cuntains  upon  the  avci'age  tlie 
uuder-meutioued  proportions  of  ash; — 

Om  tuB  of  lb.  iiruh. 

Potato  tupe  contain  .  26 
Turnip  tops       „  48 

Itay  coiiLaius  from  90 — 1 80 
Pea  haulni  coutatos  .  lOO 
Bean  ttraw    „  ,     70 

It  is  evident  that  alt  plants  must,  to  a  certain  eit«ut,  dcprire 
the  soil  of  it!)  sa/tJ»e  couiiHiticnts;  since  no  plant  adds  anything  to 
these  matei'iiils  which  already  exist  in  the  soil,  but  on  the  con- 
trary, every  crop  that  i*  carried  off  removes  with  it  a  corre»|K)nd- 
iog  amouDt  of  mineral  material.  Owing,  however,  to  this  iiDjjortunt 
and  midcniabtc  fact,  to  which  public  attention  wm  first  etrougly 
directed  by  Licbig,  many  persons  have  been  tempted  to  overlook 
the  Dcce««ity  of  oi^snie  materials  in  theinanare;  and  considerable 
diMppointment  lia»  often  tieeu  experienced  iu  fiadiug  that  the 
restoration  of  mineral  matters  to  the  soil  waa  not  the  only  con- 
ditiou  required  to  renew,  or  to  preserve  its  fertility.  Messrs. 
Lawca  and  Gilbert  have  rendered  (^aeiitinl  service  to  agriculture 
1^  tlivir  ailniirable  researches  upou  this  poiut,  which  have  rucallcd 
ablie  atteutiou  to  a  eircunistance  of  cardinal  iinporlaucc  to  the 
[asricultnrist. 

(ijoj)  Mudet  of  Action  0/  Manures. — It  would  be  a  Kcrious 
mistake  to  BU|iposc  that  a  supjily  of  the  proper  manure  can  always 
I  be  predicated  from  a  knowlctlge  of  the  coiupotdtiuu  of  the  a;shcs  uf 
tt  plftnt,  or  fi'Oin  the  analysis  of  the  soil  to  he  manured.  Manures 
[way  act  in  one  of  three  principul  ways;— i.  a*  direct  food  for  the 
jpUnt ;  2.  as  what,  for  want  of  a  better  term,  may  he  viewed  as 
[atimulants  to  ita  growth  at  a  particular  stage ;  aud  3,  «»  chemical 
BUts  which  modify  the  coustitntion  of  other  «ubstauces  already 
[present  iu  the  aoil.  Licbig  hiis  specially  called  atUsAwsa,  X«  ^wt 
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first  of  tlivMC  [Dodeti  uf  the  action  of  Enanures.  The  second  of  tbess 
raetitods  bus  bci'u  pa.rticuliLr]y  clucidatetl  by  have*,  vho  sbawed 
ttini  iu  the  early  stage  of  the  grovth  of  turuips,  no  uianuru  is  lo 
bu  cum}]nrixl  in  vllicitcy  with  Hupdrphoapliate  of  liinej  alUiougli 
the  )»Iaat  itaclf  eoutaiiis  ao  small  a  proportioa  of  phosphatcfi  tliU 
it  wa^  precisely  thnt  plant  f\xei\  upon  by  Ijiehig,  on  tbcorctical 
^ruutid»,  nt(  the  one  which  from  it»  nun- requirement  of  pbosf>bftto 
was  particularly  ncll  calculatccl  to  be  ^own  upon  Uitd  vlii^  vdfht 
hare  iTccn  »nppo>ed  to  have  been  cxliaustcd  of  iU  phosphates  by  a 
previous  u hi-ut-crop,  ]t  i%  iiuw  well  known  to  the  prucUol 
farmer,  ttiiit  the  an  per  phosphate  wheu  drilled  iu  judiciously  wit& 
the  turuip  )ieed,  utimiilates  the  growth  of  the  plant  ill  tbe  euli«H 
and  moat  critivu]  stugu  »f  its  t-).i»tctiw;,  uud  thus  »ccurc»  a  far 
more  abundant  return  than  wheu  the  supply  of  suj>cr|>ho«phate  is 
oiniited.* 

Tliu  expcriiucuts  of  the  same  paticut  and  iiiddiitigablo  •gri- 
culturist,  whiRli  have  been  carried  oa  iu  coiijuuctiun  with  Dr. 
Gilbert,  in  a  systematic  inauucr,  and  uiwaa  large  scale  for  Bcteral 
coiiaecutivc  ycar«,  luive  shavrn  to  the  utisfaction  of  unpirjuilicoi 
ohservere  that  the  direct  tiupply  of  plio:>phateit  to  wheat  crops  fro- 
qucntly  doeti  nut  materially  increase  the  produce,  beeause  ordinary 
wheal  litiiil  alroBily  cou1aiii.s  a  far  larger  proportion  of  phosphates 
diMtributi-tl  throufch  it  than  is  n<M:c»«nry  to  the  growth  of  many  suc- 
cessivo  crop*  of  wheat.  This  eircuoi stance  appears  to  be  In  i^rett 
measure  rlepeiident  upon  a  peculiarity  iu  tbe  mode  of  growth  of  tbi 
whent  plant i  it«trike«  duwuthe  6bre«  of  it*  r>M>tsto  a  great  de| 
into  tlte  cartii,  hy  which  meant  it  is  enabled  to  appro[>ri3.ie 
phospbiite^  of  a  itiucli  larger  eiteiit  of  soil  than  can  coiuc  wt 
llio  reach  of  the  short  tuft  of  librcs  which  coustitutes  tbc  root  o(  a 
crop  like  tlte  tiirnip-i     It  i&  ultto  foiiiKl,  and  nppnrcntly  for  sinuhr 
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*  II  in,  Iion'cver,  probable  tliat  na  mniiurc  bcEh  aimply  aa  ■  Htininlaal,  bat 
that  nil  8ucli  uiunuTcs  cuter  iiit9  the  cuiiipiiitil ii>a  q(  tliu  plam  ititrtf.  ThtM 
■ttmuliilin^  maniircii  nppi-nr  to  iiup)>ly  liiri>imli  ctrUiin  ulnsv*  of  (h«  nlfol'i 
Ifrowtli  a  consliltifini  ur  cciii8l-itu«>r)is,  wlixb,  iltuuj^ti  ])rv««iic  in  lfa«  sou.  nsj 
not  bu  ■»  ia  a  sulllfiviitly  i>onc<eulratt-il  fortii.or  nbirli, oirinft  to  the  imfttMl 
<1i^tr]opmcnt  of  till!  Toat.  may  aot  be  (ufCoinntly  «ritti!a  tit*  reach  ortb«pktt 
Bi  tlic  ttsrtioular  lime  nlirn  tlioy  are  mott  Dr«ded. 

t  An  mlcmliiiK  illuntrniiuu  of  llie  inflnntcr  oftJio  drrelopnirnt  of  tbe 
raol  upon  tbe  nuturt^  ofihe  manure  r^cjuin'd.  ■'•  afTorded  hy  a  romjiarlKni  of 
wheat  and  burli-y.  iriiich  rotitain  timiW  iiiin('r4l  conatitui'til*  ia  uoarly  dis 
■uimr  propnriioni  t^slirHt  *0«  i\  in  aiituiiia  uinkpti  ruvl  all  ibv  n  iatur,  Kui  a 
4'iialilL'<l  I 'J  c.-tlr<<t't  aulirii-  mutlern  from  ilic  noil  lo  n  f-n-ni  ilcpdi  i  convMiMDtlf 
it  is  icldam  licni'tili'd  liymint-rnl  manun^dirrc(lyappli<-d,  though  it  iai;!**!!/ 

it  down  in  apnng  i  it  tliroirs  out  and  <l«piMi(ia  upuit  nx>t  libr«B  n»artr  tW 
Morrnrp,  and  is  fre^ucntty  tuuvb  brnvfiled  by  the  u«e  ofiaaaura  MMttaUiait 
piiosp  hales. 
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Teasons,  that  the  nildition  of  silicate  of  pQtiu)i  as  n  nituiurc  don  not 
materidly  atrciigUicn  tlic  stem  ia  wlicat,  but  that  tlic  employment 
of  ammoniacal  manures,  including  the  beat  varielirai  of  guano, 
enables  large  crops  of  wheat  to  be  raised  for  seveml  poiiscfutire 
jrears  oa  the  some  piece  of  laod,  the  animnnia  appearing  to  »nppl r 
nitrogen  to  the  ghiten  of  the  wheat,  and  ncting  aUo  sm  a  general 
8tiniiilnnt  to  the  growth  of  the  plant.  But  aUhouj;h  this  has  been 
Cittuhli>hcd  as  a  5ci(!iitilic  fact,  it  is  not  recommended  that  thin 
practice  he  aiibatituted  for  the  system  of  rotation  iit  present  in  use ; 
though  it  appears  that  with  tlic  aid  of  nitrogcuous  mauurea  wheat 
■may  be  grow-n  in  larger  quantities,  and  more  frequently  iii  the 
rotation,  wichutit  iuj'iry  to  ibe  fertility  of  the  soil. 

kit  ia  a  matter  of  experience  that  land  which  will  not  grow-  two 
remiinerative  crops  of  tlie  same  kind  in  ftiicccftsion  (wheat  for 
instance)  without  intcriuudiutcniauuriug,  will  yet,  after  a  auccc»ioii 
I  of  turiiiptt,  barley,  and  clover,  again  be  fit  for  wheat  with  conipa- 
rntivcly  light  manuring ;  aoi)  ttuit  thiK  system  of  rotation  produces 
fTccta  simiSar  to  thoae  oliLiitied  hy  Jalhwinff,  or  nllowing  the  land 
■to  lie  uncrop|>ed  for  a  year.  Lawcs  and  OilWrt  eonsidcr  that 
clover  and  HOiiie  other  Icgiiiniiioui  crops  arc  especially  valuable  to 
the  land,  by  supplying  a  qnantity  of  nitrogenous  organic  mutter 
to  the  ioil,  in  a  form  particularly  well  cidculiilvd  for  assimiltition 
hy  the  succeeding  wheat  crop. 

It  iH  generally  supposed  that  all  the  nitrogen  found  iu  com- 
bination in  plants,  bos  Ixicii  obtained  by  the  plant  cither  from  nitric 
acid   or   from  amiuotiia,  or  from  eomc  aKoliaed  comjioimd  present 
jn  the  soil  in  the  form  of  manure ;  and  that  plants  have  uot  tho 
power  of  directly  as^imilotiiig  nitrogen  from  the  ntmosphcre.      It 
an|>cant  tohe  probable,  liowevcr,  that  the  legiiniiiious  ptaiitn  gene- 
rally iiitroduecd  by  the  farmer  in  rotiitiun,  have  a  [larticular  apti- 
tude for  condensing  and  retaining  the  nitrogen  which  ie  pro^catcd 
to  tlicm  iliirinp  their  growth,  and  that   they  store  it  up ;  i^o  that 
by  the  flibrin  of  their  routs,  uiid  «till  moru  abundantly  if  ploughed 
k  iuto  ilie  land,  they  hiniisb  a  valuable  Hource  of  nitrogen  to  suc- 
^1  oeediu^  crops.      Wheat,  on  the  contrary,  acciininlates  but  a  eom- 
H  paratively  Riiukll  amount  of  nitrogen,  and  uoueequently  thrives  be»t 
P  trhcn  aided  by  the  stimnlas  of  niannrea  containing  that  cicmeut. 
X^n-ea  ind  Gilbert,  however,  founil  that  the  nddition  uf  j  lb.  of  am* 
mooia  per  acre  in  the  form  of  manure,  produced  an  increase  of 
ihoiit  a  bushel  of  wheal ;  from  which  it  would  appear,  calculating 
from  the  known  compo«tion  of  the  corn  ami  the  straw,  that  not 
more  than  about  two-lifths  of  the  quantity  of  nitrogen  supplied  in. 
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the  nianare  is  rctnincil  in  the  gluten  of  the  seect.  In  the  straw,  ai 
in  other  pArts  of  tlie  plaat. 

Lirhig  accounts  for  the  bcncfioial  cfTects  of  the  rotataoii 
crops,  by  aiipposing  tlwt  each  plant  in  sncccasiou  BvaiU  itself  of 
Bsliiie  matters  which  were  umiccpuwiry  to  ihp  prpccding  crop.  Tbf 
procKui  of  fallowing  appears  to  owe  n  certain  pnrtion  of  its  efficacy 
to  the  gradual  disintegration  oftlicrocha,underllie  united  influmK 
of  air,  moisture,  ati<l  alternations  of  temperature,  in  consequence 
of  which,  various  substaiiccs,  which  were  pririnously  insoliihlp,  are 
nduced  to  the  Eolublc  condition,  and  thus  rrtuiercd  avail»hle  for  th« 
wants  of  the  Hucceediu^  crop.  It  appears,  however,  to  be  prohahte. 
that  the  accumulation  of  com|X>and9  cuntainiog  nitrogen  witbiti  the 
soil  during  tlic  period  of  fallow,  hus  a  materiul  influence  upon  the 
following  griiin  crop  ;  hut  further  experimeota  arc  still  needed  to 
elucidate  tlic  theory  of  fallowing. 

The  third  mndc  id  which  iiiannrcs  act,  viz.,  l^  the  inflticnoi 
which  llioj  csert  uiwu  the  components  of  the  soil,  it)  well  ext^oi 
fieA  in  the  application  of  lime,  the  most  important  uses  of  wl 
are  of  an  intliroct  character,  although  undoubtedly  it  is  in 
cases  bcucficiHl  by  supplying  one  of  the  roincral  constituents 
tial  to  the  healthy  dm'etopment  of  the  plant. 

Lime  is  applied  to  the  land  in  tlie  foroa  eilhcr  of  alakcd  Uddc 
or  of  chalk.     In  the  condition  of  slakctl  lime  its  cheioical  efl< 
arc  exerted  tipon  both  the  inorganic  and  the  otfi;«nic  cotiftitnei 
of  the  eoil.     By  its  action   upon  tlie  inorganic  coustitnents, 
inaolublc  silicntcsand  the  clays  arc  decomposed:  and  pota»b, wda, 
alumina,  and  magnesia  nre  Hct  at  liberty.      Lime  also  decompme* 
fislLs  of  iron,  rendeaiug  its  oxido  intoluhle;  it  likewise  partially 
decomposes  common  salt,  forming  carbonate  of  soda  and  chloridi 
of  calcium.     Tlie  eflectit  npan  the  organic  coRBtitnouts  of  (be  m»I 
arc  even  more  important ;  for  it  is  upon  rich  peaty  soils  whiek 
abound  in  organic  matter,  tbat  the  bcnelicial  influence  of  lime  b 
movt  eridcnt.      In  lucK  casi»>  it  occasions  thedt-rompointionoftlic 
orgaiiin  matter,  and  gives  rise  to  tbe  formation  of  carbonic  aid 
nitric  acids,  as  well  aa  of  ammonia  ;  all  of  vtliicb  bodies  are  im- 
)iortnnt  ingriHlieiits  in  the  nutriment  of  the  young  plant;  ond  a! 
the  same  time  tfic  lime  alto  liheratoa  the  aaline  eonivtitncnta  of^^ 
former  vegetation,  Jcariog  them  in  a  state  well  fitted  for  a»»imil^| 
tion  by  the  growing  crop.      This   decay  in  the  organic  matter^ 
produced  by  the  aimnlianeons  action  of  lime,  alnuvsphenc  air,  and 
moisture:  it  tbcreforc  takes  place  most  rapidly  Lcar  the  taiface, 
nod  is  attended  witli  the  formation  of  nitric  acid  mud  ammonia,  >•■ 
the  CKpeu»e,  in  ^^arl,  ol  tikvi;  \:k\V.to^{^  «t  tins  atmospbcre,  ju»t  w 
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occurs  in  (he  artificial  nitre  bcils  of  Sweden,  Franco,  and  other 
couutries  of  tlie  Coulitient.  Siiiiilnr  vUVcb  arc  produced,  tlioiigli 
inucb  more  slowly,  by  the  action  of  chalk  or  carlwiiaU'  of  lirao ; 
aud  ilic  )>cnnficial  results  uccaAJoned  by  tlie  application  of  cLnIk  are 
consequently  Iosh  iinracdiatdy  pcrcicivcl,  and  arc  itifi'uscd  over  a 
longer  period  of  time.  i 

In  connrxion  with  this  indirect  action  of  manures,  it  may  be 

mentioned,  tlifit  tliu  beneficial  clTccts  of  carbonic  acid  on  tbc  growth 

of  plants  are  not  limited  to  ita  direct  action  in  ttup|>lyin^  carbon 

to  tbc  crop ;  it  perforuis  a  function  not  less  imjwrtaiit,  owing  to 

it«  solvent  power.      Tbc  carbonates  and  pho^pbatcn  of  Umc  and  of 

Ri9|*DC6ia,  and  tlie  oxide  uf  irun  are  insulubic  in  pure  water,  hut 

K  they  are  all  dissolved  to  a  smuW  extent  by  water  clmrgcd  with  car- 

Hitonic  acid,  aud  arc  thus  rendered  available  to  the  nutrition  of  tlic 

■plant. 

H         tio04)   Varieties  vj  Mannrea. — Tt  bas  already  bet-n  stated  that 
Hthc  Diobt  imxiortimt  manures  are  those  which  are  funiiisbcd  by  the 
^B  excrctxi  of  nnimuts ;  guano  '\»  one  variety  of  tbi«  k  iiid  of  nmniire ; 
■  it  conKititfi  of  the  ilecum{H>!>ing  excreta  of  sea-fowl  which  have  fed 
'  upon  fi^li ;  from  iti^  origin  it  abouudei  in  phosphates  and  in  annuo* 
uiacal  siilut ;  farm-yard  manure,  both  »ohd  and  liquid,  and  night- 
soil  and  urine  are  aUo  mannrcft  of  a  similar  kind.     Phostpbates 
are  abundantly  supplied  by  bone  diiJil,  which  also  coulaius  a  con- 
lidcrsblc  amount  of  gelatin.      In   burnt   bonca  the  gelatin  in  dc- 
stroyc-d.      The  ito-CAJicd  coprolites,  which  consist  principally  of 
phosphate  of  lime,  arc  probably  debris  of  extinct  atiimaU,  found 
ii      in  the  tertiary  beds  of  the  Norfolk  *Crag,'  and  when  reduced  to 
^^  powder  and  mixed  with  alxiut  half  their  weight  of  KulpKuHc  acid, 
^  funii«h  one  source  of  the  manure  which  is  known  as  guptrphoi' 
,      phatt  of  time.     In  this  compound,  iLe  sulphuric  acid  liberates  u 
^ft  portion  of  phuHphoric  acid,  under  the  iuflucucc  of  which  a  portion 
H  of  the  bone  earth  is  rendered  Holuble. 

H  In  tlie  fore{(uiuK  facts  wc  sec  atrilungly  displayed  the  mutual 
^1  dependence  of  the  vegetable  and  of  tbc  animal  creation.  If  the 
H  plant  be  neccf»ary  to  supply  organisied  food  f^ir  the  animal^  the 
H  auimul  io  his  turn  niiiiiotcrs  in  a  manner  uot  less  important  to  the 
^m  aopport  of  the  plant.  Tbc  animal,  with  every  breath  that  he  draws, 
^K  Ktids  forth  rarlKtnic  acid  into  the  atmosphere,  and  supplies  carbon, 
^m  ihich  may  crc  loug  form  an  integral  portion  of  the  growing  plant ; 
^m  tbe  excreta  which  he  reje<rts  as  uscle&s  and  noisome  are  greedily 
H  absorbed  by  the  rootlets  of  countless  tribes  of  vegetables  ;  and  when 
^1  life  no  longer  animates  his  frame,  the  muuular,  the  gelatiuou&,w&.^ 
H  tie  ucrrous  tissues,  duritig  putrtfaction,  aiii  n;XuT»t<i  \,ia>\\<t.'ft.\TOa- 
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sphere  ill  the  Torm  of  water,  <»rbonic  add,  ammouia,  and  siilplii? 
retted  liydixigcn  ;  wliilHt  the  hard  and  cotniiact  boii}'  portionH  of  lii» 
\iody  gradually  mitulder  into  (la»t.  The«c  variou*  cvmpooods 
supply,  it  may  Iwr,  future  crops  of  wht^l,  of  luniijia,  orof  jiotatocs, 
witli  tlieir  nacessary  carbon,  ararootiia,  or  pliut^phatcs ;  and  tli« 
crops  tliub  raioedj  in  time,  furuish  fltisteiinnce  to  otiirr  gcncratioiu 
of  living  beings:  thu»  tlic  very  molcciiW  of  carl>oit,  of  nitrogeu, 
or  or  liydrogcn,  which  onne  formed  part  of  the  borly  of  the  hcut» 
of  the  forcat  of  former  ages,  may  ogaiu  beootne  portions  of  living, 
hrcstliiiig  animals,  or  may  at  this  luomctit  coiutitutc  a  portion  of 
our  own,  corporeal  »y«tcm. 

The  aahes  of  wood,  of  ikM,  and  of  ootl  arc  also  viduahle  » 
■nuiurcs,  unoe  they  return  to  tlie  &oil  the  miiveral  iogrodients  which 
vere  removed  from  it  by  the  Tcgvtatioii  of  which  they  formed  i  part. 
Hence  the  burning  of  heath  or  uf  turf  upon  waste  land  comnKmly 
render*  it  more  fertile  i  for  it  not  only  fumiehe*  a  consit 
amount  of  mineral  manure  in  an  avaiUblc  forui,  hut  it  «l»o^ 
materially  in  diainlograting  the  felsiMthic  constitoeuts  of  the 
which  arc  much  mutt:  readily  acted  upuu  by  air  aad  oioisturc 
being  thus  exposed  to  a  moderate  ignition,  than  when  pmeut  ia 
their  natural  couditioii.  It  is  in  the  same  way  that  the  bunuai 
of  slifT  d»y,  and  Bubaeqncntly  distributing  it  upon  the  land,  is 
Bomctimcs  beneficial. 

Specific  manures  are  in  some  cases  required  for  particular 
cropH  upon  certain  soils.  Gyftttaa  or  sulphate  of  hinc  ia  a  liighly 
inijiortunt  m.iiiurc  for  Icgiintiiiotia  crop*,  nucb  an  clover,  in  cne> 
where  lime  or  sulphates  are  deficient.  Nifrate  0/  ttnta  in  other 
easca  forms  a  useful  top-drc«siug  to  barley.  Cotnmots  mU,  wh«i 
applied  judiciously  to  laud  whore  this  iugrcdicat  is  wautuig,  hu 
been  ktiown  to  produce  excellent  results;  and  the  import- 
ance of  liming  under  various  circum«tauce«  has  beeu  already 
alluded  to. 

i'or  tlie  further  prosecntibn  of  this  subject  the  reailer . 
referred  to  works  ou  agricultural  chemistry,  particularly  toLieh 
Agricultural  C'htrmitlrj/,  Johnstou'ft  Lvclura  on  Ayricallural 
auMtry,  and  to  the  jiapera  of  Boussingault,  in  the  AnnaUa  de  C/iiviit, 
of  LawGs  and  Gtlliert,  of  Way,  and  of  Voelckcr,  in  the  Jovmatiif 
the  Jioijaf  Affiicullural  SomCg. 

5  II.  NrTBiTiOK  OF  Anihalb. 
('J05)  Chemical  Nature  0/  the  Food  of  Animalr.—TUe  (bod  of 
atumaU  is  cousidera.VA'j  \<»%%vto^\«  t.Uuu  that  of  plants.   £rea  plaaH 
iiavc  uo  power  oC  duc>:t\^  «xti\i\i\\a.^w'^  ^tia.-)  ^uweKuHAx^  Vidies  viu 
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uhe  exception  of  oxj;g:cn,  though  fe«r  coiupouuds  are  less  complt- 

pKed  ia  their  cot)»>tit»lion  than  irater,  cnrlioilic  aciil,  anri  Rmmonia. 

fAaimQitt,  on  the  otiicr   liand,  uppear  to  reijiilre  Hii))^timcc^  nliicW 

I  have  been  elafioratcHJ  by  tlic  or^iiiitni  of  plmits,  and  thus  brought 

nearer  to  their  owii  more  complicatcil  structure. 

I  The  Ixwt  instance  of  »u  itUiuent  Mly  ca|>nl>li:T  of  supporting  life 

and  expressly  elaborated  for  that  puf|K)sc,  is  furnished  in  the  case 

of  millc.      Upon  this  the  infant  nr  j-oiing  animal  lives  for  some 

I  time    exclusively,    thrive*,    and    prows    rupitlly ;    and    as    Prout 

'  hu   remarked,  it  rontaina  four  di-tinct  principlGs,  which  may  ^ye 

taken  as  the  t^-pes  of  the  four  chief  varieties  of  alimentary  ^nb- 

etaiicctt.     These  types  arc,  i.  the  uynpciw;   3.  the  albuminout  or 

I  aaottscd,    repreaented    by  casein;    3.  the    sacckarxtl^,  supg)lic(l     by 

[  sugar  of  milk ;  and  4.  the  oletigiiiom  ;  to  these  ought  to  be  uddcil, 

5.  the  laline,  which  is  equally  essential.     It  might,  therefore,  be 

antici|)3teil  that  n  ttiiitahte  diet  »hoiild  contain  a  certain  {iro|)orlion 

of  each  of  Uie«!  [iriuuiples ;  for,  Blthoujib  the  body  i)0'i8e'^.<e8  the 

power   of   altering   and   &.s»iniilati[tg    fond   to  au   extent   vnryin;!; 

I  greatly    with    the   circumstaiiccH   nnrler   wliieli    it   is   pluced,    yet 

I  experience  iias  amply  demonstrated  that  no  one  of  these  principlc<i 

can  he  wholly  withheld  from  any  animal  of  the  higher  orders  for 

La  leiigtitcnetl  period  without  producing  fntnl  reiult*.      It  lia»  been 

aliowD,  for  example,  when  aniraala  arc  fed  cichisivcly  upon  Hugar, 

I  upon  gelatin,  or  njMU  albumen,  that  they  die  of  starvation;  althon^h 

Iwhm  \\\c*c  different  mntcrinU  arc   given  in   mixture,  the  animal 

[lives  and  thrives.      It  has  also  been  ohncrvfid  that  thoae  aliments 

which  are  admitted  to  he  the  most  nutritioiii*,  aud  which  arc  most 

I  largely  used  as  articles  of  food,  arc  those  which  contain  all  tlio^e 

princijdcfl  in  due   proiKirtion.     A  good  example  of  thin  kind  i» 

[afforded  in  bread  m-ide  from  wbeaten  flour:  itt  itarch  and  su^ar 

lrq)rc«cnt  the  saccharine  principle,  its  gluten  furnishes  the  azotiscd 

[or  atbuminouft  tiiatcrial  ;    water  it  of  conrsji  cuiituina  ;   and  it   also 

I  famishes  the  phosphates  aud  other  salts  of  the  alkalies  ami  cnrtbs, 

MiMliiding  chloride  of  sodium.      It  likewise  contains  small  qimntitics 

I  of  falty  or  oily  mntt<^r,  thongh  the  amount  of  this  eonatitiienl  is 

Ibardly  adequate  to   the  wants  of  the  sytilem:  this  deficiency  i»» 

lliowcvcr,  supplied  by  the  common  habit  of  eating  it  with  butter, 

I  inilkj  fat  Iwicoii,  or  some  other  oleaginous  sub^taiiee. 

I        Animals,  however,  ap|)ear  to  posses  to  sonic  cttoiit  the  |)ower 

I  of  deoxidising  saccliarinc  matlcr  and  converting  it  into  fat.      The 

I  niDOTal  of  a  neriain   tnunlier   of  eqiiivabiit*  of  carbonic  acid,  of 

'  water,  and  of  oxygen,  from  fruit  sugar  would  furnish  the  clcoiWA* 

Lrftlic  ordinary  forms  offtit;  for  example  :— 
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Au  iiilereattng  illustnitioa  of  tlic  artificial  coDversion  of  »ugu 
into  B  bocif  belonging  to  tlii:  »crlc»  of  tlu-  fitt»,  is  atTonlud  iu  the  pro- 
tliictiiiii  of  butvritr  add  by  the  feriuciiLatiou  uf  a  tiulution  of  ^ugu 
under  tlie  iuflueuce  o(  aaaa  (1114) ;  aod  a  striking  iinxif  of  tbe 
oouvcTlibilttyof  Bugur  in  tbcanima]  ccoiiomr  into  a  faltjr  cubatano^ 
iiiall'onleil  by  the  exjicrimcDta  of  Gutult'lacli  and  others  upon  tb 
feeding  of  beea.  Iu  theae  eiperimeiits  it  was  foDiid  that  the  ituccU, 
wWu  supplied  tvith  pure  sugar  only,  accreted  wax  ia  abuodancci 
about  2olb.  of  sugar  l>eiiig  conmmed  by  the  bees  whilst 
were  producing  1  lb.  of  v>ax^ 

The  exact  relative  value  of  the  aaccliariuc  aod  ol 
priiiciplce  of  the  food  in  not  clearly  uiidcratood,  but 
portant  difference  bctweeu  their  functiotts  ia  made  evident,  in  tlu 
mode  in  which  fat  admits  of  being  stored  up  in  the  eeoaomy  n 
a  form  wliicli  allow-s  of  its  beiti^  subt^queittly  absorbed  «liee 
needed :  fat  thus  appeara  to  scrre  u  a  tort  of  fly-«hcel  in  tbt 
nutritive  ccouomy. 

(ijC6]  I'tanlic  and  Retpiratorif  CompontTitt  t^f  Fotnl. — fbt 
Btaminnl  principles  or  coiutituenta  of  food  may  l>e  furtlier  amui^ 
as  pro]io&ed  by  Liebig,  accordiug  to  the  uses  for  irhicb  they  an 
dc»liuFditi  the  animal  ccouomy;  and — since  the  great  ubju-cisof  tlx 
Mipply  of  food  are  two,  viz.,  1,  the  renewal  of  the  tiasaes  after 
they  bate  Ixx'oruc  cRctc  ;  and  1.  thu  tnaintcnance  of  animal  lieat, — 
the  constituents  of  the  food  may  be  considered  in  tlicir  relalioa 
to  these  two  grrat  functions  ;  in  which  ctac  they  would  be  reginkd 
either  us  /ilwtic  nutritive  Materiala,  which  consist  uxelosirdy  of 
the  albiiniiuoid  principles,  or  as  retpiraiory  food,  includi]ig  tlu 
sarclmrinc  and  oleaginous  principle*  of  Prout.  liiebig  ettinates 
itint  some  of  the  more  important  niBtcrials  used  as  fixid  oon* 
tnin  these  tno  principal  modifications  in  the  following  proponioni^ 
the  respiratory  material)*  being  all  calculated,  for  tlie  convenicDM 
of  cotniinrisuu,  iu  the  tjuaotities  of  starch  to  which  they  wotdd  be 
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Pat,  sugar,  starcti,  and  nicohol  must  be  regarded  as  articles 
mliicli  supply  mitirutory  oLutcrials  only ;  and  vrhcii  fram  v\tcriial 
circumstanceii,  such  aa  exposure  to  cold,  there  is  a  greater  dciiiaiiil 
oipoii  the  rcspimtory  function,  tliorc  is  an  laHtiuctivc  creviiii;  for 
Aiiditiutiat  Eiuuiititio  of  ftxxl  which  furnish  thow  siilistancca,  bjr 
irhich  tiie  temperature  of  tlie  bu<)y  it  miLiuiiiitied  ftljove  ttiat  of  tliti 
surroutiding  air :  tbus  tlic  Laplander  and  tlic  Grccniandcr  drink 
train  •oil,  and  arc  more  prune  to  ciccss  in  spirits  than  the  dweller  in 
a  more  temperate  climate.  Alcohol,  it  muKt  he  obi*«rved,  \»  not 
(imply  ft  rcspifAtory  food  :  it  acta  as  a  powerful  stimulant  upon  tlio 
Jiervous  system,  and  hence  its  efTects  arc  coropticated.  It  i«  gene- 
rally noticed  ihiit  per^oiiM  who  arc  fond  of  puNtry  and  sweetmeats, 
and  couftumo  them  largely,  have  hut  little  inclination  for  wine  and 
alcoholic  dtiiikfi,  since  the  demand  for  respiratory  material  is  nip< 
plied  by  the  wcchnriDC  nml  nmyluccouH  ahmcni  taken;  wlierots, 
tliose  jicrtioiis  who  indulge  largely  in  animal  food  have  a  greater 
craviug  for  fermented  drinks,  which  no  doubt  operate  partially  in 
Eiipplyiiig  the  deficiency  id  respiratory  materials  that  such  (bod 
exhibits. 

The  aaotiscd  ingredient*  of  the  food  likewise  evolve  licat  in 
the  act  of  oxidation  i  hut  since  these  materials  constitute  the  more 
highly  elaborated,  and  IcKt  abiiiidunt,  yet  itidi»pen»ubleoom|K)ncuta 
of  the  food  of  animals,  such  a  mode  of  consuming  them  mmt  be 
CODsidcrod  as  extremely  waHtcfiil ;  whil»t  at  the  Hsmo  time  these 

» bodies  arc  Icm  pcrfertly  ndiipted  tliuii  true  respiratory  fuud,  for 
tbe  roaintenauce  of  animal  heat. 
From  the  tabic  above  quoted  it  appears  that  in  milk  and  in 
tlic  ditTcrrnt  varieties  of  corn  (which  urc  the  most  perfect  forms 
of  nutritive  matter),  the  proportion  which  the  plastic  bear  to  the 
respiratory  materials,  are,  i  of  the  former,  to  from  3  to  6  of  the 
latter.  The  pi()purtiuu«  of  tlie#c  compoucuts,  however,  vury  con- 
siderably in  the  food  of  different  classes  of  animals,  and  their 
organs  uf  dige»tioii  are  modified  to  meet  the^^e  differences.  Thus 
the  caruivora  live  on  tlic  Itcsh  aud  bluud  of  other  animab,  which 
ia  chemical  and  physiological  properties  are  identical  vith  their 
ottu,  and  nhich  after  di^tiou  in  the  stciin&c\v  axe  vAvu:^  Vs  «• 
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soluble  coudition;  in  tliis  furai  tbe;  arc  absOTbcd,  and  enter  Ir 
Ihe  cotnpoBilion  of  the  nDimal.  In  the  liortilror*  tlic  organs  j 
iligcMion  nre  more  complicnU'rl,  Mince  their  Food  toiilaii 
femall  qii»iititi(^!^  of  iiitmgcti.  It  ia  found  that  animals 
more  or  less  food,  in  jiroportion  ax  the  compounds  whicli  conuin 
iiitrogrnnre  lew  or  more  abnndant  In  it,  Tlic  nitrogen  occnnrin 
the  food  principally  in  thv  form  of  coni|>oundfi  which  hatr  tbe 
same  coniposition  a«  the  albumen  and  fibrin  of  animuli*.  Veje. 
table  albumen  aiir]  fibrin  nrv  the  principles  which  furiiitiii  ])Iastic 
niitriRU'iit  to  tin:  hiTbivura,  and  if  tlicy  be  withlicld  for  anr  pro- 
tractcd  period,  starvation  ensues.  Ilcncc  it  appears  thai  one 
csH-nlial  condition  to  the  mniiiloiinncc  of  animal  life  is  the  tusmi* 
lation  of  ct-rtain  niatcriulit,  which  arc  identical  in  coiuttitutton  vilk 
the  principal  con»tittients  of  the  blood.  Antmalsdo  not  possess  the 
power  of  forming  thtsc  prinriplc«,  yct  tliejr  prodiw*  a  multitndt 
of  othent  from  them  by  their  decomposition ;  for  example,  plaut* 
eunnot  produce  the  gelatiuous  principles,  neither  do  tbev  fnratvk 
the  conxtitiicutA  of  the  brain,  both  of  which  are  olalwrated  )n  the 
animal  frame  from  the  comiioneiits  of  the  food.  The  aiotiwd 
oompounds,  when  taken  aloiie,  arc  intufficient  to  support  life ; 
■•accharinc  and  oleaginous  matters  arc  nhvohitcly  nccn!.-<ai-y,  anil  in 
the  young,  even  of  carnivora,  they  form,  in  the  shape  ol'  milk,  a 
most  impurtimt  i»rt  of  their  nulriment  Kren  the  flctib  diet  at 
the  camivora  contains  a  large  proportion  of  fat,  which  auppltcs  tl« 
necessary  rcspirfttory  malcrinl. 

In  our  eatimatc  of  the  importance  of  the  different  materialt 
which  enter  into  the  composition  of  food,  wc  must  not  over- 
look the  varions  Milt« ;  pnrticidnrly  common  salt,  phosphate  of  Imie, 
and  the  sulphates  niid  phosphates  of  the  alkalies.  CommoD  iilt 
is  essential  for  the  supply  of  the  hydrochloric  aeid  of  tlie  gastric 
juioe,  and  the  soda  of  the  bile.  Pho«phatc  of  lime  is  m 
to  the  building  up  of  the  bones ;  and  not  a  cell  or  a  fit 
of  the  body  can  be  formed  withoat  the  presence  of  the  soluhH 
pho«i>hat«*. 

Licbtg  has  jwinted  out  the  singular  manner  in  irhich  IhfM 
difTcrt-nt  salte  arc  associated  in  the  different  parts  of  tbc  bodr; 
chloride  of  sodiuni,  for  instHnce,  abounds  iu  li<|uid»  which,  liU 
the  blood  and  the  serouii  exndationit,  have  an  alkaline  reaetiaii, 
and  is  commonly  occompunii-d  by  tribusic  phosphate  of  soda.  P\t»- 
phatc  of  potaih,  on  the  other  hand,  occurs  in  liquids  which, 
the  juice  of  the  fleKb,  have  bu  acid  rcnctioD. 

( 1507)  I'rorets  of  DifjfjilioH. — Tlte  preliminary  twoking  to  wki« 
much  of  our  food   \«  suXiiQA'kG&iS^nRA.  ^^aictiXva^  \n  the  proccsil 
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(ligctlion,  biit  is  generally  irsortcd  to  in  order  to  pleaiic  tie  palate ; 
but  irburH  a  mixture  of  many  kinds  of  fond  )8  to  be  ft«sii»iluted 
lij  the  slomacli,  tlte  process  of  cooliiug  may  tic  made  to  axKtH 
the  oi>cration8  of  digestion.  The  principal  stcjia  I)y  wlucli  the  food, 
aftflrita  receptiou  into  the  mouUi,  ia  converted  into  a  part  of  the 
HviojT  orgnnism,  arc  the  following : — Tlie  food  is  first  maBtiratcd 
ami  thoroughly  miiccd  with  the  saliva.  Aiiinmls  which  are  car* 
nivorous,  eliew  their  food  leas  completely,  and  arc  supplied  lesa 
atmiiduittly  with  saliva,  than  tliuse  that  arc  hcrbivnronK.  The 
rcasoD  Is  obtiooB,  since  in  the  carriivoraj  the  flenliy  niilureof  their 
aliments  enables  the  Utter  to  be  more  readily  aesiinilatod  than  is 
tlic  case  in  the  hcrbiront,  many  of  which,  hy  ruminating,  subject 
their  food  a  second  lime  to  a  thoroiigli  tnttirulioii  auil  iiiterini.\turc 
with  the  MJivn.  Birds  that  nrc  grauivorous,  arc  furnished  with 
a  Strong  tioUow  muscle,  the  gizxard,  vhich  is  e^pecuilly  designed 
for  the  purpose  of  tnlurtitiitg  tlie  seed,  to  utd  which,  the  hiids 
swallow  pi^bhk's  and  gravel.  The  food,  haviug  been  masticated 
and  reduced  to  a  pulp  by  intermixture  with  the  5uiliva,  in  next 
transferred  to  the  Btomach,  where  it  bt:conic»  miiigk-d  with  the 
acid  M>crction  of  the  ga.stric  juice  (1481).  After  remaining  for  a 
few  hours  in  this  organ,  llio  priucipal  proportion  of  the  albu- 
tniuouB  and  fibrinous  conntitucnta  nf  the  food  is  bronght  into  the 
Ui|uid  funii]  but  the  futty  matters  remain  uiinfleeted,  aiid  tlie 
starchy  components  arc  but  imperfectly  cottvertcd  into  the  soluble 
form  nf  dntrin,  or  of  nngar.  From  the  stomach,  the  food,  now 
reduced  to  a  pultiicc^oii)*  mass  termed  cJnjmf,  passes  to  the  duode- 
aum,  or  commcnecoiciit  of  the  intestinal  canals  where  it  is  miscd, 
first  with  the  Bccrctioii  from  the  liver,  and  then  with  that  from 
tLc  paiicreit.*. 

FhyMologists  are  not  agreed  upon  the  share  which  the  bile 
taken  in  the  funclion  of  digestion,  but  both  the  bile  and  the  pan* 
oreatic  «ccri.-tiuQ  arc  alkaline,  and  the  chyme  immediately  after 
ailtnixturc  irith  these  liquids,  assumes  the  a|)prara»cc  of  an  emul- 
sion ;  in  iiji  further  pn«xage  along  the  inteslinnl  cniial,  it  U  mixed 
with  a  H.-cn:tiu[i  from  the  inner  surface  of  the  JLJunum  uud  of  th« 
ileum,  which  still  further  modifier  the  food,  completing  the  convert 
sion  of  «tareh  into  a  aoluhle  eutupound,  and  rendering  the  fntty 
natters  capable  of  sasimiiation.  In  tlic  small  inteattui's  a  ecjiu- 
nuion  of  the  aliment  into  two  portious  ia  effected  ;  the  larger  of 
these  portions  is  absorbed  into  the  system,  the  tunnller  portion, 
coti^inling  of  vegetable  fibre  and  insoluble  and  undigested  matters, 
tKComcs  excrementitious,  acquiring  a  pccidiar  odour,  and  is  ulti' 
noately  rejected.     The  al>sorbetl  portion  w  lakcvi  >i'^  \ra.t<w!Ow  w.  * 
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tbiu,  milker  \\<^u\i  (ihc  clijrlc),  wliicli  U  abmrbed  from  the  inntv 
sorf&AC  of  the  iotestiiics  by  tlie  lacteaU,  aud  tlicsQ  vessels  empty 
thcitiH'lvca  through  the  thoracic  rtiict,  into  the  subclavian  vein: ^ 
ftlill  lnr{(cr  portion  i*  absorbed  by  the  nie«eiiUTic  rcina,  wbi 
transmit  their  oontcnta  to  the  liver,  to  be  there  further  elaborated 
Iwfore  they  are  transferred  by  the  hepatic  veins  to  the  right 
aurick  of  the  heart. 

One  priucipal  change  wrought  in  the  food,  during  its  oonrendan 
into  chyme,  ronnats  in  its  being  foidcn'd  solublt*,  and  cotnbined 
with  water ;  but  it  ia  evident  that  the  mere  fact  of  the  conveniOD 
of  tltc  food  into  the  liquid  form,  is  by  no  mnans  the  only  CMwntial 
condition,  since  soluble  matters,  such  as  the  casein  of  milk,  art 
frequently  iirat  converted  into  a  »olid  fonn  in  the  stomach,  nod  arc 
then  gradually  redissolved;  the  elemental  of  the  food  nre  thu*  rc- 
trrani:ed,  and  if  raseiti  be  the  siu)i<itaucc  acted  ou,  it  is  eonverlal 
into  albnrncii ;  but  the  prineipal  change  i»  that  described  by  Prairt 
as  the  vitalizing  at^tion  of  tlic  atomaeh, — that  change  which  6t8  dead 
organized  matter  for  again  becoming  a  portion  of  the  tiring  fninie. 
The  nature  of  this  change  is  not  at  all  iiitdcrstood.  The  solid  form 
in  which  axotised  matters  are  generally  presented  to  the  stoosadt, 
may  be  designed  (hy  <lemaodin<;  a  longer  stn,v  in  this  oi;gan)  to 
facilitate  and  allov  time  for  the  ctmiptctinn  of  this  change ;  «lii]»t 
the  amylaceous  and  oleaginous  pruiciplea  of  the  food,  wliich  simpl; 
aopply  the  respiratory  fuel,  do  not  require  so  long  n  Bt;»y  in  lh« 
Stomach.  It  is  worthy  of  remark  that  nlbumen,  eren  after  it  liai 
been  given  us  the  aule  constituent  of  the  food,  vthcti  it  has  ones 
been  iIiMolved,  cannot  be  deteeted  as  such  in  the  fluid  of  tlic 
stoniHch,  cither  by  boiling  or  by  ihc  aelion  of  nitric  acid  ;  it  is  not 
till  after  it  has  passed  through  the  duodenum,  and  becomes  mixed 
with  the  weretions  of  the  liver  and  the  pancreas,  that  albumen 
manifeHts  itself  by  the  ordinary  reagents. 

When  digestion  ia  duly  performed,  no  gaseous  products  are  set 
free;  hut  when  it  U  faulty,  we  often  have  a  train  of  Kympiomt 
more  or  less  distressing,  owing  to  the  crolntJon  of  earbouic  acid, 
nitrogen,  aud  hydrogen  ga-scs,  which  produce  painful  flatulcnoe 
aud  difitetisiou.  It  muy  be  to  render  this  diateunon  leva  liable  In 
occur  in  infants,  that  milk  contMoa  an  unformCQtablo  variety  < 
angar. 

There  is  a  \wt  great  difference  in  the  digestibility  of  it- 
different  articles  uaed  aa  food;  some   being   comjiletoly  chymifild 
in  two  Eioun,  aud  others   requiring  aa  much  as  six  befixv  tbi> 
effect  is  produced.     Very  slight  circumstance*  froquently  intafcff 
with  the  digcstwc  jiotx**.     \i*Xawt^v^  Sja  i&\>ai{,ree,  aud 
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sll  gnhstanoes  into  the  composition  of  which  they  enter  largely; 
such  na  pastry,  rich  »tews,  und  fried  dishes  j  owing  partly  to  the 
production  of  the  peculiar  volatile  acids  of  fat  during  the  pi-ocesses 
of  cooking  or  digestion,  nnd  partly  owing  to  the  difficulty  with 
which  such  food  is  penetrated  hy  the  gHStric  juice.  Where  such 
food  has  be«ri  taken,  the  ossiotiluting  powers  of  the  (Stomach  are 
often  interfered  with,  nad  the  injiiriotis  effect*  thus  occasioned 
are  fretiiiently  manifested  iii  the  form  of  «  sick-headnche.  Fer- 
mented liqiKprs,  if  tftkeii  in  atnall  quantity,  oDcit  afford  a  healthy 
stimulus  to  the  stomacli,  hut  if  tnkcn  iti  excess  they  arrest 
digeuion  and  produce  serious  disturbance,  independently  of  their 
cuervuting  ofTocts. 

(1508)  Nutrition  and  DUintegratiori. — Having  traced  tlie  food 
into  the  blood,  by  the  process  termed  by  Prout  prmarif  formative 
asaimilation,  wc  may  pa»*  oh  to  cousider  the  course  by  which  it 
becomes  incorporated  with  the  tissues  of  the  ]i%-iug  body.  Tlie 
ofQccs  of  tlie  biood  may  be  considered  under  three  principal 
buds  : — I.  that  of  nalrilion,  or  rcpamtion  of  the  effete  parts  of 
the  corporeal  frame  ;  2.  that  of  respiration ,  or  tlie  matnteuaiice  of 
auiiual  heat ;  and  3.  that  q{  tecretion. 

I.  Nutrition. — There  is  abundant  evidence  to  show  that  the  ■ 
TftrioiM  tiwfucs  of  the  body  art-  undergoiii)^  a  cunittuiit  succcs^ioa 
of  chaugea  which  are  essculinl  to  the  mniutcnanco  of  life,  and 
that  the  more  actively  the  vital  powers  are  exerted,  the  more 
rapidly  do  tliciie  various  cbuugca  occiir,  ueecs^ttatJng  the  supply  of 
food  more  frtijuently  and  ahuudaDtly.  Shortly  atier  the  deposi- 
tion or  any  particle  has  taken  place  in  any  particular  tissue,  it  il 
!□  its  turn  removed  to  make  room  for  a  new  and  equally  flrrting 
BUCCC»»or.  This  deposition  of  new  lunttcr  is  termed  by  Prout 
aecondiiry  formative  assimilation,  in  oppositioti  to  the  secondary  dt' 
tlructive  assimUalion,  by  which  tin;  removal  of  the  effete  particles 
is  cfi'ci'tvd.  l^ic  principal  organs  of  the  body  consist  of  albnnii- 
bous  and  muscular  tissue,  with  the  exception  of  iu  «olid  frame- 
work,  and  of  thotic  [)cculiar  compcunda  which  constitute  the  ma.s3 
of  the  bruin  and  of  ihe  nerves.  Albumen  and  fibrin,  the  hasU  of 
tliese  tissues,  are  contained  ready  formed  in  the  blood,  nnd  they 
[appear  to  be  depo^titcd  at  those  points  where  they  arc  needed,  by  a 
I  process  somewhat  ttnaloguat  to  that  of  simple  coagulation.  No 
advantage,  however,  would  be  gained,  if  the  portions  which  thejr 
displace  were  to  be  re>ab»nrhcd  in  the  form  uf  album  cd  or  of  fibrin 
iaio  the  mass  of  the  Uuod ;  tor  the  deposited  purticltss  having 
t>Dce  diMrharged  their  function  in  the  system,  cannot  again  be 
admitted  to  furni  integrant  ports  of  it,  until,  da  \u  r\)ft  c^«^  cK.  ^Ccub 
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albuniinou»  and  fibrinous  portions  or  animals  taken  a*  food,  tiaj 
have  l)ccu  a^iLiix  »uf)je€le[l  to  tlie  procesa  of  dlgcatiou,  arid  liarg 
tUufl  beeu  fitted  hy  lliv  etomuch  for  the  iierforinaiice  of  tli<ir 
various  fiinetioiis.  Tlic  ctiangc  which  attcuds  the  abaorptiou  of 
matter  once  deposited  is  decp'St-iitct],  and  is  c-s!<ciitiitlly  coaiiccld 
with  tlic  maDifcstatioiis  of  vital  activity,  Ko  portion  of  Bi)>uiii« 
or  of  librin  Reemit  to  be  removed,  as  such,  iuto  the  sTstem  ;  ootur- 
queittlr  the  fdirin  and  ulbumca  contnincd  in  tiic  blocxl  inahcalllir 
6tatc,  mu^t  be  co(»idcrcd  as  frcsbly  clubunttcd,  and  ns  existing  in  it 
iMnprciiminnry  to  ita  constituting  an  iategrul  part  of  the  body;  uti, 
therefore,  us  living  in  a  form  ready  for  oeaiinilattoQ.  The  efTrte 
tissues  are  decomposed  at  the  moment  of  their  rcaioral,  nntl 
conri-rled  by  the  procew  of  ahit>r[itlon  into  new  and  distil 
coropoutula;  thus  fnmistiiiig  tUe  w^coiid  Minrcc  wbciiec  the 
dcrivcit  its  component  jiarU,  the  process  of  abnorptioii  coostituti 
the  MconAtrjf  deslructire  astimilaiiim  of  Prout.  This  rcmonl  » 
nsuslty  cirectiKi  by  the  a);toiicy  of  onygcii,  supiiticd  during  rcspira- 
tioi),  nnd  carried  by  tlic  blood  to  every  part  of  the  system :  tbr 
organic  particle*  tlius  rctnovoci  arc  therefore  in  ■  more  oxitli»l 
form  than  that  in  nhich  they  vere  deposited,  and  the;  are 
abiwrbed  at  first  uito  the  blood  itin-lf,  from  which  they  arc  qnidl; 
eliminated  in  some  of  the  cxcrciions  from  it.  Thus  the  niuogoa 
i«  iwmoved  partly  in  the  form  of  urea,  or  of  uric  acid,  and  parlly 
in  that  ofamiiiouiu.  The  carbon  is  chicJIy  got  rid  of  as  carbonic 
acid ;  and  the  phosphorus  and  sulphur,  as  pbosplioric  lail 
sulphuric  iieids.  These  diflcrent  mnttera  arc  eliminated  throUj^k 
four  principal  sources,  v'xi.  i.  the  excreta  of  the  alimentary  cuuil: 
3.  the  tirinci  3.  the  cutaneous  excretions;  nnd  4.  the  pulmoaan 
exhalation.  Having  nlrctuiy  consiilcrcd  the  principal  chemiol 
relatidns  of  the  first  three  excrcmentitious  pnxlucts,  we  shaQ 
now  coiiSiie  our  attention  to  the  nature  of  tht:  polmoaary 
exhalation. 

(1509)  2.  Respiration. — The  important  function  discharged  || 
the  luug»  coimsts  iu  the  adnii»aiou  of  atmospltrrie  air  hito  fl 
body,  ill  such  a  muuiicr  as  shall  enable  it  to  act  ufMin  and  oiidH 
the  blood ;  the  most  obvious  chemical  change  whieh  is  prodoodi 
in  the  respired  Air,  consisting  in  the  alisiraetiou  of  oxygni  froia 
It,  and  the  substitution  of  a  bulk  of  curbonie  acid  iivurly  equal 
to  that  of  the  oxygen  removed.  The  lun^s  act  as  au  itmnei^ 
filter  through  which,  in  the  higher  classes  of  aniniabt,  the  wbfl 
mass  of  the  blood  is  made  to  circulate  os  often  Oa  it  p«a»e>  tbrv^H 
the  heart.  The  ycuou«  blood  as  it  arrires  iu  the  limgaiaofi' 
deep  i>urp\e  oo\our.     lt,\aa\i»\Vtia  at*  florid  arterial  red.    Tie. 
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general  structure  of  the  luuga  U  »ucU  tliat  these  organs  may  be 
regarded  as  cotiaUling  of  two  seta  of  Inlieitj  tlt«  larKUi*  of  tThicb  is 
fur  the  ailmi^ioii  of  air.  Tla*  atr-tubo?)  ure  sulKUviiled  inU>  an 
iiiiitiitv  auiiilicr  of  Hmall  mmilicatioiia,  around  whicli  tlic  blood- 
\essela  are  dUlributecl  in  an  extreioeljr  fiue  u«twurk ;  by  this 
Urazigcni4.'iit  aD  immense  stirfaec  is  csposed  to  the  air,  with  a  com- 
paratively small  expend ittirc  of  space.  The  Lining  memhrane  of 
the  atr-tul>e«>  is  kept  coiitiuuuUy  itiuiHt  by  the  Hecretiun  from  tticir 
BuHacc.  Throngh  this  delicate  membrane  air  fsaesea  readily  by 
ciido»i[ioHi»  into  the  blood-vessels  Iieneatli,  and  in  cousequence  of 
tbis  action  the  veuous  bloud  exulimigcs  a  portiou  of  it«  carbonic 
ftcid  with  the  oxygen  held  in  solution  by  the  licjuid  which  bathes 
the  surface  of  the  air-tut>es.  The  oxygen  in  ttiix  form  obtains 
adioiuiun  iuto  the  current  of  the  cireuiution.*  The  mere  dis- 
placement of  carbonic  acid  from  the  blood,  althougli  uiiatteiideil 
nith  any  perceptible  cticniieol  ctiniige,  [iroiluces  an  alteration  of 
Colour  from  purple  to  nutrtet.  During  the  circulation  of  the 
aerated  blood  ttiruugb  the  minute cajiillary  vcasclsof  tlie  body,  the 
absorbed  oxygen  elfcels  thoAe  chemical  clmnge»  Abieli  arc  essculial 
to  the  maintenance  of  uiiimal  life.  The  tissues  arc  bn>kcn  up ; 
urwv,  curboulc,  luetic,  uric,  xiilphurlc,  [iho!'[)Iii>ric,  and  piirhaps  other 
acids  arc  formed;  these  arc  removed  by  the  kidneys,  the  skin,  and 
the  lungs.  Whilst  these  dccomiwsitions  are  being  effected,  fresh 
purticlcs,  of  constitution  luniilar  to  the  tisHUca  luidcrgoing  dccoin> 
lH»itian,  arc  bettig  deposited  from  the  blood,  which  receirea  the 
acid  {iroducta,  and  is  thus  niaterinlty  altered  in  colour  and  consti- 
tution. When  the  blood  again  piissva  through  the  Inn^,  the 
Carlxxiic  ucii)  is  luechanicolly  displaced  from  it  by  oxygcu,  and  the 
scarlet  colour  is  reslorerl,  whilst  the  other  principles  are  iu  great 
irt  elioiiuatcd  by  the  kiducys. 


>  Durinjc  the  procmt  of  rntpinitinn  %  small  (^nnntily  of  nitroi^ri  n«  wollas 
of  oxvK^R  i*  sliforlwil,  and  tlii*  probably  is  uiio  Hoiircie  of  the  iiilM'^eu  nbioli 

lit  uiiJoubtvtlly  rxhalud  by  llii-  ■kin.      It  it  prubnbk'  tlibl  this  uitroifcii  under- 

I  gOCi  no  cUfruiifsl  ohniij^e,  but  i»  inerdy  m('iilni')iir;itly  tnlcH-n  into  tlio  sy»t«m 
OwioK  to  its  solutnlitj' ;  the  (|iitiiitily  in  ihu  nir  cl<ju  not  appear  malcnully  to 
Tar;,  beoaiue  Utile  tluod  be  Hxtarulfd  u  itli  DitrogAii.  tlit-  stnoinit  of  this  gai 
irkii-b  i*  Rfpnratud  uilj  b>-  ivjtiiil  to  ttiai  n-hicli  is  t^volrcd.     Bj  making  nni- 

rnal*  revptru  in  An  atninKiitii^rtt  of  oxyunn  iind  hydro([i"i-  nilroj^cn  i*  nlwayii 

I  bond  U>  bo  ki'uu  oui.  iinuo  ii  ia  ili»plH(Wil  from  tlic  blood  liy  ilie  liy<lroi-<ru. 
Accx'fdiait  to  ttic  cipcriiDriiti  of  lUitcnauU  and  RoiaiM  {Ann,  dc  VAimie,  111. 

I  Xtri.  ^ii),  warm -blooded  uuiDiuU,  if  mndv  to  rf«)>iro  in  a  conlliied  Hpacp, 
•limy*  exiialr  nn  sppri'eiHbltf  quaiiLily  of  nitni^iuii  :  tlic  aoiaiuil,  liuwttvur,  of 

I  Ihiainso'iiiitl.  aa  wil  li>  eit'i'vd  y^tli  imrliil'tlu  quHtiliCy  ofoxygi'ii  roiiHiiuied. 

'  When  the  nniiiinU  vcrciii  n  hUIu  vrpxUuuBtion  Irutii  waul  vftuii,  an  nlnorp- 
tionof  nitrvxen  commonly  occurred  to  a  timllar  extent,    Trncvoof  bydrogos, 

lot  cnrburetlvd  bydrcij^cu,  and  vi  aiuuiouia  are  aUo  ^rewnL  iu  T««v^t«^  vwiv 
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It  is  probable,  rrom  tlic  experiments  of  Ma^ua,  that  a  portion 
«t  Icflst  of  the  oxygen  absorbed  by  tbe  arterial  blood,  is  uwl 
nctually  in  n  nute  of  clicmical  combination  willi  it.  Wutnr  ii  wt 
CApAhlo  of  diti4o1vtng  more  than  Bboiit  onc-fortietb  of  its  balk  ri 
oiygeu,  and  thosolvcnt  poirer  of  scnira  in  not  mnterially  diffemt. 
Consequently,  encb  ]x>und  of  blood  could  not  dissolve  more  thui 
nboat  titrec-fourtbs  of  a  cubic  inch  of  oxygen ;  but  direct  cxperi- 
mc»t9  have  provrd  (supixisitig  lolb.  of  blood  to  pass  through  llic 
lungs  ]>cr  minute)  thnt  the  average  quantity  of  oxygen  alnorbed  ii 
not  less  tban  three  times  that  amount.  Hence  it  is  diffioolt  to 
account  for  the  absorption  of  so  large  an  amount  of  oxygen, 
out  admitting  a  speciea  of  combination  with  the  compoiicnls  of 
blood  ;  although  this  combination  must  be  of  such  a  nature  thsl 
llie  oxygen  Is  readily  im[)art(?d  to  the  components  of  tlie  bodj 
wbou  the  blood  r«achc»  the  cu])illarie3. 

The  red  particles  appear   to  be  intimately  concerned  in  tb(. 
process  of  conveying  the  oxygen  ;  bnt  the  precise  mode  nf 
operation  is  unknown.     There  seems,  however,  U>  be  Itut 
doubt  that  the  greater  part  of  the  chemical  cUangc  is  effected 
tbe  oxygen  after  it  reaehps  tbe  capillary  vessels  which  coi 
the  great  lalxiratory  of  the  Imdy,  for  nntil  it  reaches  tlicse  u.-'.. 
branches,  the  blood  retains   its   floi-id    tine,  but  on  its  exit  fnu 
them  it  has  the  dark  tint  of  vcuous  blood, 

(1510)  Proportion  of  Carbonic  Add  exhaitd  during  Ht 
(ton. — The  earliest  truiitworthy  obscrvntious  ujion  the  cbemkal 
changes  produced  during  respiration  are  due  to  Lavoi&ier  and  to 
Scguin,  and  since  tticir  time  numerous  eminent  clicmists  have  nude 
this  process  an  objwt  of  rtudy ;  particularly  in  relation  to  the 
quantity  of  oxygen  consumed,  and  of  carbonic  acid  jiroducod. 
Much  discrepancy,  however,  existed  among  the  earlier  statmn 
re^rdidg  the  <|imniity  of  cArbonic  acid  contained  in  the  ics 
air.  Wc  arc  iiulchtL'd  to  Fmut  fur  a  »atisfactory  cxplanati 
these  difTereiices,  which  he  proved  to  arise  mainly  from  the  (act 
tbe  quantity  of  carTxioic  acid  voticb  in  the  same  iadividiiah>  at 
fcrcut  times  ;  and  the  niiaierou« enrcful  experiments  published  si 
sequetitly  to  lliose  of  Proul  have  fully  established  the  correctness 
these  oljsen'ations.  It  appcArs  that  the  proportion  of  carboaie 
acid  exhaled  in  a  given  time  by  the  same  animal,  varies  accordiuf; 
to  the  rapidity  of  the  circulation  :  tlie  more  vigorous  the  circula- 
tion, the  larger  is  the  quantity  of  carbonic  acid  evolved:  thus, 
eaieria  paribus,  a  larger  quantity  is  formed  after  a  meal  than  nhni 
the  animal  is  fasting;  the  proportion  is  also  higher  when  1^ 
auimal  U  awaVc  \Wti  iiVca  %\^\>va.v  ■ 
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An  imporUnt  series  of  diroct  exprrimciiU  apon  rcsi)ir»tion  in 
man  was  uudcrtakvn  b;r  Sclinrling  {L'tebig't  Annah,  xlv.  214,  and 
ilvii.  i).  Other  en  peri  lu  cuts  iipoa  ttie  same  subject  hy  Antral  atid 
Oavnrret  will  be  found  in  the  Annaha  dc  Cfiimie.  III.  *-iii.  I2c>, 
Still  more  ri-cimllr,  Rognault  nuc]  ftcisct  bnvc  piibUitlicd  an  rrtcn- 
81TC  and  elaborate  series  of  researches  U|ion  the  retipirntion  of 
various  c\sa*c*  of  atiimnlit,  from  which  ecrcral  ncv  and  important 
COncluaions  have  Ixxn  deduced  {Ann.  de  Cfiimie,  III.  xsvi.) 

Sdiarliiig's  experiments  were  [rcrformed  upon   jiemoiis  of  dif> 

fcTCCt  agM  who  trcrc  ptitcpd  in  an  air-tight  chc«t,  freely  supplied 

with  atmospheric  air,  vthich  wna  deprived   of  curlionic  ncid   hy 

icauMing  it  to  pass  throuj;!)  a  solution  of  ]Kita»li.      The  r^pircd  air 

'  vas  transmitted  through  a  succession  of  vessels,  filled  n-ith    miI- 

'pbnric  acid  in   onler  to  retain  moisture,  uith  Rohition  of  potash 

to  retain  carbomc  acid,  and  with  sulphuric  acid  to  rctuiii  moisture 

which  the  current  of  air  might  mcchanicnlly  carry  over  from  the 

liolncion  of  pot-uth.     The  inrrpane  in  weight  of  the  la^t  two  vessels 

iudicatixl   the   amount  of  carbonic  acid.      A  contiiiuou!<  current  of 

ur  through  the  apparatus  was  maintained  hy  meanaof  the  rcj;ulatcd 

actioD  of  an  air-pump,  and  the  quantity  of  CRrbonic  acid  contained 

in  the  air  of  the  chest  at  the  cIobc  of  the  experiment  was  deter. 

mined    b}'  direct   aiialysi>(.      By  means  of  exiierUneitta   conducted 

with  this  apparatus,  it  was  asccrtniticd  th»t,  oti  aii  average,  the 

[production  of  carhonic  arid  during  sleep  amounted  only  to  three- 

!  fourths  of  that  given  out  by  the  tiame  iiidiridtial  for  an  equnl  in< 

'  terval  of  lime  during  the  perio<l  that  ho  was  awake.     It  was  also 

;  found   that  the  production  of  carbonic  acid  was  pro|)ortionately 

greater  in  children  than  in  atlult*,  a*  was  to  have  been  anticipated 

from  the  greater  activity  of  the  vital  functions  during   the  period 

[of  growth  and  ilovclopment.     The  average  production  of  carbonic 

acid  was  alra  greater  in   male  than  in  female  adults,  a*  might  be 

expected  from  the  smaller  siac   of  thclalter:  but  in    adult   indi- 

j  viduals  of  both  sexes,  if  of  equal  weight,  rtttirh  paribug,  the  con- 

nuDption   of  carbon  apiK-arcd  to  be    nearly  eijUiil.     The    »Bmc 

roliserrer   haa  aliw  sliuuti   that   the  quantity  of  carbon   exhaled   in 

itlie  form  of  carbonic  acid  from  the  anrfaee  of  the  skin,  in   the 

idult,  dors  not  on   the  uverugc  exeeed  oiiC'tbird  of  ou  ounce  in 

the   twciity-foiir   hnnnt.      In  cold-hlootled  animals,   hotvever,  the 

rcspir^ation  ejected  through  the  »kin   in  much    more  extensive; 

[fn^  and  (salamanders  will  cnntinnc  to  IItc  for  scrcral  days  after 

|tkc  lungs  bare  het^n  removed,  owing  to  this  cutaneous  respiration 

(Rcfrnault). 

The  average  quaatity  of  carbon  which  ^^tXA  o^S  iivk-cvw?,  VW 

a  3  1 
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ilav  from  the  Imtg^  and  ekiu  of  an  adult  man  is  estimated  hj 
Dumas  at  about  Kt  ounces  avoirdupois.  Tliese  results  luve  been 
nlincnt  exactly  ronlirmctl  1>y  the.  more  recent  cx[icriucDtft  li 
Scharling.  Aiulrnl  am)  (tavarrct  fuand  iii  ttieir  cxperinunt* 
tliat  tlie  c|natitity  of  expired  cnrlwnic  Acid  was  nearly  tlie  aune 
H9  that  given  hy  ScharlJiig,  Licbi-^s  estimate  Is  cunsitlrnihtf 
liiglicr;  but  it  i*  probiiblr  Icm  correct,  since  it  was  uoL  fouoilel 
Ml  direct  experiment,  but  was  inferred  from  a  rather  loose  esti- 
mation of  the  nreragc  amount  of  carbon  containnl  in  tbc  ntioei 
allOMcd  lo  a  re(pmeut  of  soldiers ;  making  a  somewhat  arliitni^ 
deduction  for  tlic  amount  of  carboit  elimiuftted  in  the  uriue  •a4 
fieces. 

It  i»,  however,  ohvioua  that  t3te  amount  of  carbonic  add,  unt 
the  pro(H>rtion  which  it  bears  to  the  respired  oxygen,  must  Twy 
with  the  nature  of  the  food.  When  earbon  ia  cum'crtcd  inio 
cnHwoic  acid,  the  volume  of  this  fas  which  ia  furmcd  ia  euctlj 
e<|ual  (under  similnr  circuinstaucc«  of  temperature  and  prtMWt) 
to  that  of  the  oxygen  which  has  entered  into  its  comiMMttoa: 
but  when  hydrogen  i»  oxldiiied,  ihe  whule  of  the  oxygen  «i& 
which  it  has  combined  disap[>earft  from  the  gaaea  exhaled ;  uoA 
a  Kimilar  remark  applies  to  that  portion  of  oxygon  wliidt  ealea 
into  combination,  ki  ob  to  form  solid  or  liijnid  axoiiMrd  coupouacbi 
It  enu  therefore  only  happen  that  the  proportion  of  cari»oiiic  uH 
expired  fiiid  of  oxygen  eon^umcd  shall  be  ef|ual,  vheii  llie  vliole 
iif  tlir  iiiiipircd  oxygen  is  employed  in  the  onidation  of  carbojL 
The  direct  esperimenta  of  Rcgriault  anil  1lut««t  have,  ho' 
ahown  that  this  varintion  in  the  proportions  of  eaibonic  acid, 
of  respired  oxygen,  lies  vithin  very  wide  limits.  From  giruibr 
cauKets  when  much  fat  a  taken  with  the  food,  a  large  portJoa  «f 
oxygen  disappears.  'Iliua  it  may  l)e  proveil  by  calculatioit  tliat 
when  butler  supplier  the  respiratory  food,  for  every  31  voliiuitt 
of  osygen  absurbeil,  31  only  of  carbonic  acid  can  be  prtxlucnl; 
and  a  similar,  but  smaller,  disap]>earauce  of  oxygen  ocenra  whea 
alcoholic  liijnnrs  have  formed  part  of  the  food  ooiisumed.  Bi^- 
Mult  and  Rcitet  found  in  their  experiments,  that  dogs,  when  M 
on  meat,  exhaled  about  74  rulumea  of  carlKinic  acid  for  Igd 
rnlumos  of  oxygen  absorbed  ;  but  when  fed  on  amylaeeous  i^| 
stances  the  quantity  of  carbunic  acid  rose  to  93  per  cent  A  ^M 
which  had  been  fed  upon  nuittoii  nuct,  emitted  ouly  69*4  ^M 
eeiit.  of  carbonic  acid  ;  the  ilefieieney  being  iu  this  case  ootkuu^l 
ill  converting  the  exeesn  of  hydrogen  in  tbc  fat  into  water.  WlH 
HtiimaU  irhich  hafl  been  loog  ke|>t  without  food  were  »ul>jn^^| 
to  exfcnment,  iVe  ^^evAvgi^  oli  CMtbAtdc  acid  «iaa   oljo^^H 
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anaie  as  irbea  tliey  were  coofiiicd  to  an  auitual  <lict;  because  the 
ktiasues  of  the  nuioial  cutistitutcd  the  source  whence  the  carhontc 
Kcid  Vis.  Mippliei] ;  ttie  ftuimal  was,  in  fact,  feeding  upon  it«  oiru 
fleoh.  Kabbit!)  fed  upou  vi-gcUbles  ctuiUtd  from  S3  to  95  per 
ccat.  of  carbonic  acid,  compared  ^vitb  the  volume  of  OAygcu 
Absorbed ;  ami  grjiiiivorou»  hird.-t  jiebled  from  yo  to  103  per  ceut., 
tbu  volume  uf  cai'bouic  acid  frctjucutly  t'xoecding  that  of  tlic 
oxygen  consumed.  When  these  birds  were  coutiued  to  a  fic&li 
diet,  the  quantity  of  carbonic  acid  fell  to  about  67  per  cent,  of  the 
oxygen  coiisuuied. 

]ti  the  courae  of  these  expcrinicnts  it  was  UHccrtaiuud   that, 

provided  the  ciuaiitity  of  oxygen  be  propoiiioDately  increased,  mi 

animal  may  coutuiae  to  brt-athe  nitbuut  injury  in  an  atmosphere 

cuutaiaiiig  a  considerable  amount  of  carbonic  ucid;   the  injurious 

I  effects  of  carbonic  acid  in  the  iiir  npjicariitg  to  depend  rather  upon 

I  tlie  mechanical  obstacle  which   it  oH'erx  to  the  escape  of  the  f;as 

>  already  in  the  blood,  thnu  to  any  ilinctly  poisonous  action  of  the 
earWiiic  acid  it»elf.  By  increasing  tlic  facility  fur  it^  difTuniuu 
hy  llic  addition  of  oxygon,  or  even  of  hydrogen,  to  air  already 
Qontaiiiing  a  con.«idcrablc  quantity  of  carbonic  acid,  the  animals 
may  continue  to  breathe  wucb  airwilbont  injury.  It(<guault  found 
that  the  pro|>»rtion  bornc  by  the  carbonic  acid  exhaled,  to  that  of 

>  oxygen  cuutumcd,  is  not  altered  vhen  pure  oxygen  is  substituted 
for  atmospheric  air,  and  the  fame  relatiuus  were  ubservcd  when 
the  ttniiunU  were  cauaed  to  respire  lu  au  atmosphere  consisiitijj  of 

la  mixture  of  oxygen  and  hydrogen. 

An  iuterc&ting  illuatrutiou  uf  the  great  difTcrcnccs  in  the  mode 
lof  respiration  which  may  occur  even  in  the  ftaiue  aiiinitd  iinileT 
[altered  eircumstauees,  \»  nffonled  by  the  observations  upon  hyber- 
[natiug  aniinata.  Marmots  were  found  during  their  torpid  con- 
Idltiou  to  consume  not  more  than  one-thirtieth  of  liie  amount  of 
Uxygen  which  they  required  in  their  active  state.     These  animals 

Bt  the  commeucemeiit  of  their  hjlxTnatioii  are  fat,  but  they  lose 
'vcight  considerably  before  they  resume  their  active  condition.     A 

rcntarhnble  obienration  upon  these  animals  was  made  by  Sacc,  and 
fcuufiriued  by  Ite^nault  and  Reieet.  The  niDrmot  nhilst  in  a 
florpid  condition  increase^  in  weight,  owing  to  un  absorption  of 
ti*\>gco   nitich  amouuts  to  nearly   one-half  of  that  inhaled;   this 

sxvgeii  becomes  converted  into  water,  the  greater  portion  of  which 
retaiued  in  the  ^ystcui  for  a  while,  but  the  animal  at  interT&ta 
|««»cuatc»    it   from    the    bladder,  so    that    in    the    lung    run    its 
'ht  becomes  diminished.     In  fact,  during  its  sleep  its  tem< 
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»tore  of  fat   which   it  bad  occuniulatnl 
rcpoM. 

The  air  vliich  lias  pimed  tbrongli  Uic  luogs  in  the  ordi 
proceiis  of  respiration,  is  by  no  menus  deprived  of  its  oxygen  ; 
Qsuall;  contains  about  4  per  cent,  only  of  carbonic  mdi  ;  lb 
greater  portion  of  the  air  wlivch  is  eipelled  duriug  expirstioa  bu 
uot  proceeded  further  than  tbc  larger  mmilicatioDs  of  tlie  broucbi. 
In  or<]iQary  re»iilration  30  cnbio  inches,  or  about  one-fifth,  of  the 
quantity  of  the  air  in  the  lungs  is  chan{^d  witb  each  act  of  reqii- 
ration.  Tbe  iiuinbor  of  rcBpiratioue  iu  a  licultby  adult  avera^ 
prr  ininnte  from  18  to  -10,  l>nt  tlie  bulk,  a>  well  a«  tbc  frcfiacncT, 
of  tbe  iuspirstton  raries  with  tseh  individual,  according  to  t\a 
circumstances  in  which  he  is  placed,  and  the  oece^itj-  of  a 
larger  or  smaller  su|>ply  of  oxyj^en  to  the  «ystem,  AMumiog 
that  the  volume  of  air  respired  each  time  is  30  cubic  inches,  ind 
that  30  rcfpiratioiis  occur  pc-r  ininnte,  iiot  less  tbau  500  cubit 
ieet  of  air  wonld  poa*  tlirotigb  tbc  lung*  of  each  individual  in  24 
boun. 

If  wo  asanme  that  the  average  efolutioo  of  carbon  by  the  luDp 
of  an  ailult  man  amounts  to  85  ouneea  avoirdupois  in  twcoiT- 
fonr  bonra,  it  isi  etiy  to  calculate  the  ijoantity  of  onygcn  which  \* 
required  during  respiration  for  that  period: — 8*5  os.  of  carUw 
would  require  about  zr66  o«.,  or  1673  cabio  feet  of  oxygen  for 
itit  eonvenion  into  cnrbonic  ncid,  anJ  would  yield  28,^12  cub.  iiL 
of  tliis  gas  at  60'^  ¥.,  barometer  at  30  inches, — or  21  cubic  iocba 
per  tniimte:  consequently,  if  lolb.  of  blood  pass  through  the  1 
per  minute,  every  pound  of  blood,  iu  ita  passage  through 
urj^aiis  must  emit  about  2  cubic  inches  of  carbonic  acid.  Ni 
siooe  for  the  oxidation  of  8^  oz.  of  carbon,  2266  ob.  of  oi^fcii 
arc  required,  uikI  f'lnix  it  is  found  that  nn  adult  t^'iiiits  on  tli< 
age  a  volume  of  carlwnic  aHd  equal  to  85  per  cent,  of  tbc  ■  • . 
inhaled,  it  may  be  inferred  (allowini^  15  per  cetit.  for  the  amount 
of  oxygen  fixed  by  hydrogen,  &c.),  that  not  less  than  26-7  01.,  u 
upwanla  of  1  [lb.  of  oxygen,  are  daily  coDi>umeil  by  crcrv  ad 
and  allowing  for  1*4  os.  of  dry  solid  matter  evacuated  by  the 
tinnloiiinl,  niid  3*3  ox.of  solitU  bylbc  urinc,tbc  whole  of  the 
ing  jiortiou  of  the  food  (excliuivc  of  atmnt  4Tlh.  of  water, 
is  eliminated  by  the  kidneys  aud  the  skin),  mitat  pus  off  in  ibe 
giMOus  form  by  the  luiiga.* 

Tbe  exact  form  in  which  the  eoiupoimds  which  are  dcotinnl 
to  produce  auimal  beat  exist  in  tbe  blood  is  unknowu,  but  tbor 
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can  be  do  donbt  timt  the  permaticcit]^  alkaline  coiulitlon  of  tfie 
blood  (nliich  Liei)ig  attribute*  to  triba«ic  plio«phatc  orfiuda  iu  the 
caroivora,  aod  Lcbroano  to  carbonate  of  soda  in  tbi;  hcrbirom)  is  coii- 
cerntMl  in  a  \ery  important  manuer  in  this  oxidating  prucean :  for  it  i« 
Hniformly  olj^crved  tlmt  compounds  of  ori^aiiic  origin  arc  much  more 
readily  oxidtxcd  iu  the  prt»cacc  nfalkalirs  than  tlicy  arc  when  in  a 
neutral  or  in  an  acid  condition ;  dou1itU-»s  bennu-te  thu  products  of 
oxidation  bring  commonly  acid,  the  presence  of  a  baso  with  which 
those  acids  can  combine  facilitates  the  formation  of  tbc  acid,  whether 
It  be  carbonic  or  any  other  acid  compound. 

(ijll)  Animal  thai. — The  temperature  of  the  Iniman  body, 

whatei-cr  may  be  the  temperature  of  the  atmosphere,  is  iiiiiformly 

^tnaintaitied  at  98°  or  100°,  that  of  birds  at  froai    106^  to    io8^ 


'  ruraplioa  of  PhmI  in  twrnlyfnur  houru  ilurin^  immmor  and  winter,  eonductoil 
_upon  his  own  peraoa,  may  bcre  be  ciled  (Anaaktde  Ckimiir.  III.  ixv.  119). 

Quant-ititt  in  01.  avairiiiipoii  ofFaod  and  Ktortta  in  timnly/our  kourt. 
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Althongli  iliese  rpBulti  ar«  not  free  from  objection,  tbp;  poniiMW  eon- 

■ulorablo  inUrrot.     The   luiiountK  of  oArbonic  acid   emitted   uud  uf  oxy;:«-ii 

DrWd  arc  inferred  friim  tlic  diflVrente  betnora  the  niinntity  of  carbon. 

liydroi;«n,  siid  uitri>);ea  fvund  by  analysis  in  the  food  taui>n,  and  that  l>ir- 

Biabed  by  iIkmwIiiI  and  liquid  L-Kcrvliuua.     This  modo  of  r;ak-u1ution  nc<.Ta- 

Iniily  infoUei  tbne  BUmbj.'ri  in  iume  iincerliiinly.flineo  all  the  Frr«r^  rf 

[(xpcriRK'iit  fall  npon  tlmm      It  wan   fo-unil  thHt  lb«i  total  ijMaottty  of  oxyf-ea 

[•MOrbtid  amounted  to  fully  ouo-tbird  of  lli«  rnliru  w«i|tht  of  tbo  >olid  and 

lii|iid  con'tituti^U  of  ikc  foud.     The  proporlion  of  nitrogen  to  tlmt  wfcnrbna 

contained  in  the  food  tulicn  was  as  1  :  irS.    The  exc»B  of  nitniceu  in  iW 

food  OTt-T  lb«t  of  llie  «oliJ  and  li<|uid  oicri'tionx  Piriod  from  onp-tliinl  lo  one- 

^balTi  aad  tbiRCEooM  mioL  Uave  piueed  olTthrouh'b  tha  skin  and  lunfft ;  bti! 

IU*  e*ttin«t«  in  probably  to<>  bit;ti.  altbuuKb  it  duiri  not  attain  t<^  rnnrn  morp 

11    I  per  c«nt.   upon   the  voliimo  of  tbc  carbonic  nHd.     Tl><>  proporliou  of 

ronn  foond  in  the  solid  eiirreta  did  not  amount  to  one-fifth  of  thai  cou- 

Ihbira  in  tba  nrinn. 

Thi*  proportion  of  enrbonit'  acid  eiha!<^d  in  wint*"!  ia  much  gwiatnr  tlian  in 
Ihrailni-r.  and  the  quantity  of  wntcr  in  nt»t>  a  litt!«  greater  iu  winler.  Th» 
ThlMr  riruunistanoo  may  be  I'xpUiufdby  lUe  fact,  that  u)or4-air  pMaca  tbrougli 
■be  lunt;K  in  nintcr  than  inanmmrr,  and  it  is  leas  loaded  vrito  mo^iturpoa 
~  lt«riaK  th^oi ;  hut  in  both  cues  the  air  qtiiU  them  H»turat«d  with  MjueoUR 
kpour  at  tlifl  tempvratUTo  of  tti«  body,  conaoqnttntly  it  will  carry  OB  BLQCa 
'  tare  ia  tL«  wiDt«r  than  in  sumtufi. 
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and  that  of  warm-blooded  reptiles  at  about  85**.  Bat  u  fht 
tcmperatnre  of  the  air  is  many  degrees,  in  tliis  climate  often  40* 
or  more,  below  that  of  the  hiimnn  body,  it  i»  c]e*r,  sioce  tJ>c  mi- 
mal  frame  is  eubjeet  to  cooling  at  the  same  rate  aa  other  tuloral 
objects,  that  a  constaiil  supply  of  beat  is  necessary  to  the  mdiitr 
nance  of  thU  rtewly  tem[K;rature.  In  order  to  diminish  the  quan- 
tity of  heat  required  to  be  generated,  animals  are  fumi&bed  with 
coAts  of  hair,  of  feathers,  of  wool,  and  of  olber  light,  poroiw,  DO*- 
conilticttng  materials,  vhich  greatly  retard  their  rate  of  cooGag, 
and  the  thickncM  of  which  varies  with  the  MaMo  of  the  year,  anit 
the  arerage  temperature  to  which  the  aaimal  i*  exposed.  Maa 
i>up[iltea  binisclf  with  clothing,  which  cipcricnec  teachca  bim  (0 
adapt  to  the  rarj'ing  circunifttance*  under  which  he  i*  placed. 

This  constant  eroliition  of  heat  in  the  living  body  is  occssioHif 
by  the  gradual  combustion  of  the  carbon  and  of  the  hydrogen  sup- 
plied in  the  food }  tbc  combustion  being  cflVclcd  by  the  agency 
the  respired  oxygen.     All  bodies,  when  they  enter  into  comb! 
with  others,  whether  quickly  or  slowly,  evolre  heat,  aud  when  the 
products  resulting  from  combination  are  the  Mime,  the  amount  cf 
lient  which  in  developed  for  the  same  weight  of  the  compound  pre* 
dnccd  is  also  identical  (1527).     Carinn  and  hydrogen  are  already 
combined  with  each  other  in  the  body,  and  in  the  act  of  ibcir 
eombinstion  have  already  evolved  a  certain  amoant  of  beat ;  the. 
combustion  of  a  hydrocarbon,  therefore,  will    not   produoe 
same  amoinit  of  heat,  ua  the  combustion  of  an  equal  quantity 
carbon  and  hydrogen  not  previoufily  in  a  state  of  combioati 
still  a  very  large  quantity  of  heat  will  be  dcrclopcd  during  ibrir 
oxidation,  and  if  thia  oxidatioii  be  eflTected  within   the  IkmIv,  the 
heat  th«»  liljcrated  will  necessanly  contribute  towards  mainlainin^ 
the  temperature  of  the  body.     According  to  the  cxperiroetits  of 
Dctiprctz,  I  ounce  of  pure  carbon  during  combmtion  c^'olimbcai 
enough  to  raise  the  tcrojicratureof  14,200  times  ita  weight  of  •»!<* 
through  1°  of  P.,  or  enough  heat  to  convert  into  vapour  1  a'dj  timrs 
itN  weight  of  water  at  ico",  or  the  temperature  of  tlic  body;  tip 
heat  developcti  by  the  combustion  of  8  j  ounces  of  carbon  ahooU,! 
therefore,  »nfl3ce  to  evaporate    1077  ounces  of  water  daily, 
nearly  67,ilb.     This    quantity  of  water    is    more    than  don) 
the  average  amount  of  that  whidi   i»  actually  exhaled  from 
entire  body  in  the  twenty-four  hours,  the  average  being  abort' 
I  lb.  from  the  lungs  and    r  \    lb.   from   the  skin.     The  saTph* 
heat   front    the   carbon,    as    well    as     that   from    the    hrdiogea. 
the  aiiiouut  of  «lucU  \«  uot  so  easily  estimated,  is  espcsiled  in 
tcepingwptbelctft\Kf*-^»Ktcfi  v\ft\*A'3.    ^a^cctvkwoij  harcsho"' 
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IDGIIAN'O    POR    FOOD  VARIES    VtTtt    THIt   TSMt'EBAtCRR.         Sao 
tliat  aiiimaU  exhale  more  carboim   acid  in  prqiortk>i)  to  their 
wcigtit,  OS  their  tcmp--rature  is  higlier.      It  has  beca  cstimatctl 
that  birds  evolve  Imlf  n»  much  cai-lwuic  odd  ngiiiu  iw  tli«  mam- 
malia do ;  but  Itcgiiuult  finds  ttut,  lu  uiiue  camis,  tlie  tlispropor- 
tioa  in   much  more  coiisiderablo.     The  smaller  the  animal,  the 
larger  is  tbe  projurtiumttc  u\triit  of  its  cooling  niiifiici*,  ami  can- 
LBequeutly  the  larger  is   tlic  quantity  of  carbon   uliich   mmt  bo 
^Boxidixed  vritliin  it  in  order  to  maintain  a  temiierature  equal  Co  that 
'     of  the  larger  aDtmiil ;  lii)iR-t«,  for  instance,  evolve  lo  time»  as  i»ni;h 
f^arbonic  aeid  in  jiroiiortion  to  their  weight,  as  the  domestic  fowl, 
Satall  aiiimaU  consequently'  consume  a  much  larger  qimiilityof  food 
in    propurcioii   to  tlmir  weight  tban  large  animals,  and  this  may 
iccoii:it  for  thti  grciater  proportionate  activity  af  many  small  ani* 
lals  when  compared  witb  larger  ones. 

Since  the   dilTusioD   of   animal   heat  over   different    parUt  uf 

the  boty  is  tolerably  uniform,  the  aoorce  of  heat  shotiM  be  dif> 

faicA  likewise.     Providioa  appears  to   have  been  made  for  thi:i 

jutid  couJitiou,  !□   the  circunutaucc  that  the  principal  ucCioii 

Fof  osygoa   upon   tlie  con:>tituent.-(  of  the  body  takes  place  ia  the 

[cipillary    vessels    wUieb  are;    distributed    throiif^hoiit   the    whole 

>f;gaiii2cd  structure  ;  and  llierclbre  the  beat  resulting  from  this 

fcztioo  IK  aUu  equally  distributed  through  the  diirerciit  parU  uf  tfic 

ly.     A  certain  amount  of  chemical  action  doubLless  takes  pluee 

the  lungs,  irbere  the  blood  fir^t  eorucs  i[ito  ccmtact  with  the  air, 

lid  tbi*  increased  chemicnl  action  would  be  neeileil  to  nupply  the 

beat  carried  off  by  the  vapour  which  passes  off  at  each  expiration  ; 

but  the  main  oxidizing  actions  uccur  deep  ia  the  atrncturcs  of  the 

ly  itwtlf. 

(1511)  Demand  for  Food  varies  teilh  the  TfinperaCtire. — Since, 

|beu,  llic  combustion  of  the  hydroeiirbonous  portions  of  the  blood 

irc  required  for  the   due  production  of  animal  beat,  it  might  I)e 

tx|»eetod  that,   lu   llic  demand  for  beat  varie-i  »t  difTcreiit  sca«OM« 

iiui  in  different  climates,  the  quantity  and  the  quality  of  the  food 

lemandcd  ehonld  also  vary  accordingly.      Experience  proves  that 

koch  is  the  ea^ie  ;  the  appetite  i»  keener  in  winter  than  lu  aummcr, 

|nd  the  aliments  which  we  are  then  in  the  habit  of  coniiuniiii;; 

irtakc  more  of  a  fatty  and  carbonaceous  cliaractcr ;  the  inhabi- 

iU  of  the   [wlar   regions  iiuiiiitiun  the  neccMary  supply  of  beat 

by  an  abundant  consumption  of  blubber  atid  train-oil,*  while  those 

rlio  live  in  tropical  climates  content  themselves  with  »  lighter  and 

lore  succulent  vegctidile  diet.      It  is  remarked  by  Licbig  that  the 

_ — -^  ■ -^ 

It  \»,  howcTi-r.  (lilliralt  to  bbj  wbenco  the  whale  and  the  ncal  in  theit 
'  eliiuate  defnv  ibe  tui-aus  o(  octuioulatiug  tWu;  tWK»  utVluVw:!  wuV  u^. 


834 


BBLATI0M8   OF  TUI    LlYKa  AMD   Ll'XtfS. 


uUrinM 


hthiu  of  life  formed  by  the  Euro|)cmn  arc  in  some  d^free 
wlwn  )ic  Rutku  hxi  ftbodc  under  the  burning  Kun  of  an  ludJaa  sk;. 
Under  such  ath-rt-d  circuinstaiR-f4  lie  still  xtitnulatea  Lis  sppdilc 
to  coiitume  the  (test)  diet  tu  wliich  Itc  Ittw  hrcii  nccu»U>ined,  Kid. 
di»«xfcs  of  tlic  liver  are  the  conaequeiice.  Thi»  gtand  aeei 
fluid  ricb  iu  carbon,  and  in  certuiii  ckks  may  net  kk  oue  ou' 
bydrocarboiioii^  matters  to  tlic  system.  lU^pirntioti  ia 
dtmste  takes  place  witb  diniiiiislied  frequency.  It  must  alio  U 
rciucmbert-d,  that  equal  volumes  of  air  admitted  tu  tlic  luuga  bf 
rrt)|>imtiou  at  Uigli  and  at  low  temperatures  coataio  very  dif- 
fei'oiit  weiglit:*  of  oxygcu  ;  air  at  40°  oontaiuiug  one-tenth  more 
by  weight  of  oxyutiii  tliaii  au  equal  bulk  of  air  at  90'*.  Lev 
carbon,  tlicrcfurc,  is  thrown  otT  by  the  lungs  iu  equal  interralss^ 
time,  in  a  hot  climate  than -in  a  cold  one,  by  which  oieanm  the 
rojiid  production  of  auimal  beat  it  avoided;  but  tlic  excess 
(:arlK)ii  carried  into  the  Kvatcm  inuat,  ncTurthck-Ks,  be  got  rid  of, 
and  thi»  nitist  lie  elTcctcd  in  a  manner  that  shall  not  proiluce  beat 
Owing  tu  tbo  bountiful  compcnsuting  eystem  U[K)n  which  our  bodies 
arc  conntmcted,  one  organ,  if  itecetu>ary,  can  relieve  auottier  froa 
its  burden,  and  tbc  liver  carries  off  this  excuM  of  carboa  in  aa 
uubnrnril  form ;  provided  the  quantity  be  only  moderate,  ilii« 
vitaiious  actiou  may  be  cfToclcd  without  inconvcuiencv.  but  if  it  be 
csccs»iro,  cnlargomeiit  and  ootigeatioii  of  the  gland  eusuc,  ui 
di&cuite,  tvQTv  or  I<^■<4  »vriuu»,  is  the  n-Ault.  In  a  dry  slate  ortlie 
utiiimpbere,  honerer,  \nn  duly  fnlU  ii[iou  the  liver,  inuamucb  at 
frvc  evaporation  goes  on  from  ttte  aurface  both  of  the  luiiga  and  at 
the  akin,  and  thus  the  tciii(>(.'niturcuf  the  body  is  reduced.  In^ 
weather,  therefore,  earboii  may  be  auiitted  by  the  luugs  in  I 
quantity  without  iuouoveuieucu;  but  wbeu  the  temperature  of 
uir  Is  high,  niul  ut  the  «onic  time  loadrd  willi  moisture,  tliia  eoi 
iL'Iief  ix  out  off,  and  au  uppifstiive  scntintion  uf  luuguur  ia  expedi 

Thcro  is  atill  a  great  want  of  accurate  direct  espcrimeou  od 
the  production  uf  enrbouic  acid  uiukir  great  difn.Tctic«»  of  tnn[e- 
ralnrt",  and  11  eonecrt  series  of  experiineuta  on  tJiis  eubjrct,  in  arctic 
and  iu  tropical  rc^ponn,  would  be  highly  valuable  both  Iu  the  fbj- 
aician  and  the  {ihysiologist.* 

*  Tpon  thia  point  tbo  inperinwDU  of  Lohin&nn(£«Ar6k^  Jer 
loi/iicken   Ckamit.  vo\.    iii.  |>ii(e  304.)  m«j|  be  vit«d.     He  fooad  Ui*t 
Kranunc*  Kpigli  t  of  pittcons  yielded  in  Jrg  sir  6-055  if*™™**  of  nr)<oti»  1 
I"""  '«""■  St  Jo",  nntl  4  ("'9  K'^'onm  at  100"  1  llie  auuio  sDimsti  in  "tW  " 
yielded    <i-i(K)    grHninim   nt  7.?",  sitd  776  gmraaMW  at  100".      And    to» 
Krammes  uctKlil  ol"  raiiLiiU  exUaltvl  in  rf/y  air  04^,1  KruniDea  of  etftMK 
arid  jwr  hour  al  160  ',  and  lu  tnD<-li  ns  0*677  ^jKmtnv*  in  >  tuviil  aUausjfWf 
at  tb«  same  tnak{H^8UtT(;.     VW.  V..  Smith  ia  alao  purauioK  a  Ubonoat  ttriM  ^ 
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Ou  tlic  irliolc,  tlici),  it  appears  tliat  the  EHCchariDC  and  olcngi« 

aoiu  portions  of  our  food  are  tho«c  irhicb  are  lient  adapted  to  tlie 

Mnfeiitiiicc  of  re^pinitioQ  n.iid  of  itiiimal  heat:  wbcu,  honctcr, 

□lulcriuls  nrc  given  io  excces,  they  arc  thronn  off  by  tlic 

lircr  and  tlie  kidneyH:  Tiedcmnnti  and  Gmeliii  found,  when  they 

tff^d  animaU  ou  htittcr  and  stnrch,  that  the  urine  was  loaded  with 
lulty  matter,  and  hihous  di»rrh(i:a  nas  an  nltnmt  constant  atten- 
dant.    The  azot'iHed  principles  of  the  food   are  neocMwry  for  tlie 
TeproductioQ  of  the  mut:fti]ar  nnd  other  tissues,  and  go  to  foroi  the 
■BOtiscd  principIrH  of  the  bloud ;  and  hi-iicc:  the  importance  of  a 
imixed  di«t  fur  thv  due  Hujtport  of  the  vital  fuiiction«,     Tlic  nutri- 
tive value  of  different  article*  of  food  \»,  therefore,  entirely  relative, 
,anil  is  dependent  upon  the  proportion  in  which  each  is  nitiigletl 
rith  otiier  bud)e«,  in  wtiich  the  four  Btaoiiual  priaciples  are  coia- 
lliuicd  together  in  due  pi-oportion. 

It  must  not  be  overlooked,  howei-er.  that  the  moet  Bdvan^ 

UgeouB  mixture  of  nutritive  matcriaU  vtiU  vary  with  the  drcum- 

etaiiecs  under  which  the  auinia]  is  placed.      In  the  htiiniiii  species, 

the  milk  \&  adapted  to  the  wnnts  of  the  iiew-boni  infant,  whii;h 

ivill  be  wrapped  in  clothes,  and  shielded  frum  the  weather  ;  and  the 

materials  coD.fiBt  of  eil>uut  i  o  parts  of  pliuttie  matter,  lo  of  fat,  20 

jOf  sugar,  and  o'6  of  salts.     lu  the  ease  of  the  cow,  where  the 

lyoung  auiruul  is  more  exposed  to  the  rieiNtitude*  of  llie  weather, 

the  proportion  of  these  con«litcient.t  is  altered,  the  milk  coiitaiiiiug 

to  every  10  parts  of  plastic  material,  i  ril  of  fat,  and  14  of  sugar. 

Illie  couipositiou  of  the  loillt  at  different  periods  of  lactation  al»o 

TartC9  io  an  important  niRuncr,  in  order  tu  meet  the  altering  wants 

Lof  the  young  auimul  in  the  successive  stages  of  its  growth. 

A  few  aiiimalH  are  eutirely  carnivorous  ;  but  it  must  be  reniera- 

l>cre<l  that  all  llcah,  even   that  which    i»   usually  considered  to  be 

lean,  cuittain.t,  in  a<h]ition  to  aKoliscd  matter,  a  certain  (jiuititity  of 

tile  oleaginous  or  fatty  principle  wbicb  is  uecdod  for  the  support 

of  rcsjiii'Hiion.      The  hcrbirum  cousninc  with  their  food    largo 

^—quantities  uf  saccharine  and  aniylnccuuscoiiijioiindu,  which,  hy  tlie 

HabstractioD  of  oxygen,  are  couvcrled  into  fat;  such  animuls  arc 

"capable  of  bcijig  fattened  iii  a  remarkable  manner,  whereas  the 

carnivora  seldom  acquire  any  great  utore  of  fat,  in  consequence  of 

a  deficient  *iipply  of  the  material  bc&t  adapted  for  conversion  iuto 

that  subatauce. 

^—         It  has  been  already  remarked,  tliat  when  Inercased  demands 

Bare  made  upon  the  strength  of  animaJa,  aa  in  taking  exercise,  the 

number  of  respirations  ia  iucrcai^ed,  aud  the  circtilatiou  quickened, 

^ittorc  oxygen  is  absorbed,  aud  more  carbomc  acid  «^oVv«ij  »».W\. 
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ai>p«iin  tahc  probable  that  tliis  increased  dcnianc]  upon  the  m 
effort  in,  for  the  tiuie,  supjiorted  by  the  incrvaiurtl  dtiniulus 
iivg  fi'oni  the   more  rnpi<l  chemical  ai'tiou  ujton  tlir  ti>«na 
body.     For  k  fiil1(-r  consideration  of  the  subject  of  animal  heat,  the 
reader  is  rL-fcrrcd  to  Liebig's  treatise  on  Chemistry  in  it*  Afphn- 
tioH  to  Phytiolagjf  anil  Patholofft/. 

(1^13)  3.  Sect&tion. — Having  nov  considered  the  function*  of 
ttie  blood  in  regard  to  nutritioD,  and  to  respiration,  «c  have  tutlr 
to  offer  a  few  remarks  apon  the  proccwt  of  secretion.      It  is  wortlij' 
of  remark  that   in  every  inotanco  wliere  a  pureljr  excremcnlitial 
product  is  formetl,  the  Kubatances  excreted  are  produced  in  the 
miu«  of  the  blood,  at  a  distance  from  tlic  point  at  which  they  are 
aeparalcd.     The   bile  fumistica  an  exception,  but,  as  it  has  been 
already  otalcd,  the  greater  portion  of  this  fluid  is  re  absorbed  into 
the  Hystcoi ;  it  Uicn-forc  cannot  be  considered  as   [iiircly  etcrc- 
moiititioiia.      In  expcrimeutu  in  which  the  kidneya  have  liccn  re- 
moved from  aiiinials,  uric,  pboephoric,  aodsnipliurie  acids,  u  »cJI 
aa  urea,  arc  found  to  sccumulatc  in  the  blood}  the  kidiirr  is, 
therefore,  not  tu  be  looked  ii{Hin  an  an  oxidizing  or  acidifying  otgnn, 
but  OS  an  organ  tliroujth  the  a^iicy  of  wliich  adds  are  aeparalcd 
from  tlie  system,  combined  with,  aud  nearly  iieiitraHied  Inr,  alii- 
linc  matters.      A  similar   principle  boldM  gowl   in  the  case  of  the 
lungs,  which  may  be  rieired  aa  a  gland  by  which  carbonic  acid  ti 
excreted;  the  earljonic  acid,  however,  not  being  formed  by  tfca 
lungs,   but   simply  eliminated  by  their  action.      It  appears,  there* 
fore,  that  tbo^n  organs  whic^h  arc  ddttincd  for   the  separalioa  "f 
excretions  from  the  body  do  not  form  the  various  sulntances,  bni 
simply  climiuate  them.     The  caac,  however,  is  otherwiae  with  iIk 
glaiid»  nbich  furnish  tiii1)tttnncc»  destined  tn  l)c  consumed  aiiW- 
qiienlly  by  the  eeouoiny  :  thwe  glands  in  such  cases  seem  to  effect 
a  true  transformation  of  the  blood,  one  pan  of  ivhich  forms  Uic 
peculinr  matter  of  the  stvretion  (as  for  example,  »ngsr  of  milk  ia 
the  mammary  gland),  the  otbcr,  or  coniplementary    portion,  is 
returutd  into  the  mass  of  circulating  fluid.    The  true  niochaaitioaf 
secretion  in  at  present  unknown.      1l  ban  been  imagined  that  sl-cr- 
lioQ  may  present  a  certain  nuatogy  with  the  case  of  vinous  fcrmea* 
tation,  in  which,  little  m  we  know  of  the  eaitse,  we  understand  tlic 
conditions  reijnisitc  to  produce  it;   for  it  ajipears  that  tlm  maia 
point  couaista  in  the  presence  of  certain  organic  moleeule«,  since  iU 
is  found  by  the  experiment  of  placiug  yeaet  in  a  lube  closed  <r'lH 
filtering  jui[>ei',  mill  dipping  it  into  a  solutioo  of  syrup  (p.  ijil.diit 
actual  eonlact  with  those  molecules  14  neooM«nry  to  prudun  tb^ 
iilccoD^JOsitioii,  the  Vu\\u&  'w  >^i<£\vxW  ^w^u%  the  onW  |isrt  «tii^| 
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fercneats :  hence  ve  may  conceive  why  blood  out  of  the  gland 

undergoes  not  ihc  same  chaiigci  as  when  circulnting  through  it. 

fo  sntiftfactory  (iltempt   Ims   liitliert»  hpeii   made  to  explniu  why 

lonn  HiibHtauce  should  produce  one  kind  of  decom position,  and  a 

[diflVrciit  subatancc  a  totnlty  different  dccompositioiij  alttiouglt  the 

'roiupouud  oj>eratcd  on  be  the  Mmc  in  both  ca»«(i. 


CHAPTEa  XTV. 

I.  Atomic  VotcMBs.    $  II.  Atomic  Heai.     §  III.  IIbat  op^ 
Combination. 

(1514}  HAVfNO  now  completed  o»r  survey  of  tlic  difforcnt 
FcluBCs  of  oi^auic  compoiiiKis,  we  may  proceed  in  the  last  place 
'to  review  briefly  some  points  connected  with  the  theory  of  the 
latomic  constitution  of  matter  which  could  not  conveiticntly  be 
Idiwusscd  until  the  chemical  projiarties  of  the  various  compomid*, 
txith  organic  and  inorfriiuic,  had  been  deacribed. 

Two  theories  oFthc  composition  of  material  bodies  have  been 

maintained  with  varying  degrees  of  credit  from  the  earliest    ages 

Hof  the  Greeimi  pliilosophy  to  the  present  time :  the  oae  founded 

Von  metaphysical  views :  the  other,  and  noiv  the  goncrallj/  received 

y  opinion,  iMtsed  on  physical  considrrntiontt. 

I.'ljon  the  first  view  of  the  constitution  of  matter,  it  13  sup- 
posed that  the  particles  of  which  bodies  consist  arc  capable  of 
snMin.4ion  withont  limit.  Every  particle  of  matter  must  poasesa 
au  upper  and  a  lower  surfac^c,  and  therefore  it  is  cuHCWVuble  that 
these  surTaces  may  be  eejiaratcd  from  each  other. 

The  second  view,  which  wa*  nphi^ld,  ninong«t  other  illustriouB 
men,  by  Sir  Isaac  Newton,  maiiilains  that  though  matter  is  sns- 
^■ceptible  of  subdivision  into  molecules  of  inconceivable  miimtcnew*, 
^phcrc  is  a  point  beyond  which  no  p[>wer  withiu  the  reach  of  man, 
whether  mechanical   or  chemical,  can  carry  this  reduction,  and 
^ibeee  particles  are  beiice  aiipropriatcly  termed  atoiM  (or  indivt- 
^niblca).     This  view  has  nctjiiirod  greiit  lulditional  probnbility  since 
Bthe  phenomena  of  chemical  ctimbintition  have  been  better  under- 
^atood  and  more  occuralely  examined.     Ujtoii  this  atomic  hypo- 
thesis, as  now  generally  admitted,  it  is  itupposcd  that  the  particles 
of  which  each  element  eon^isl^i.  hnve  a  delinite  and  uniform  »ize, 
tJie  atom   being  the  amallcsl  quantity  of  ao^  »ttVyt\j6.vwR  "«\\v^ 
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U    npable    of    cxUtiitg    in     oomliitmliou    with     other  p&rdc 
{918). 

Tliu  plicnoraeua  of  chemical  oombmittioa,  and    Uie  km  ot 
definite,  muHiplL',  and    equiTalciit    proportion,    as    well    u   ibo 
I  existence  of  polymrric  aiid  nuUmcric  Cflra[X)UTi(U,  indeed  admit 
^of  a  simple  fnplHiiaLimi  bjr  the   aid   of  this   hy|H>the9i»j  which   »» 
developed  liy  l)aUon,  lias  received  the  name  of  the  atomic  theory, 
Dalton    {u>«)inic!i  that  tlic  ultimate    particlna    of   any  ^tcd 
clctni-iit  nre  of  uniform  Mte,  wid  jiossesA  the  itanie  relative  weight; 
hilt  that  tho  iMrticlcs  of  diflcrent  clement*  differ  from  each  oUict 
in  Wright,  anO  {losMbly  al^o  in  size.     \N'lirn   chemical  combina- 
tion takea  place  betvtfrpn  any  two  etemenlar}'  bodicH,  vombtiutjoa 
is  tuppoocd  to  occur  between  ibctn  atom  to  atom.      Hence  tbc 
I  propnriintis  in  irhioh  bD«)ira  unite  must  of  nccrRsity  be  definite 
I  aud  invariable.      In   like  miinn«r  the  law  of  multiiitc    propuUKi 
^incomes  a  phyncal  DCOCEMtt^,  rincc  compounds  must  be  formed 
II1C  union  uf   1  atom  of  one  of  the  cicmciila  vith    i,  2,  5,  4,  or 
more   atoms   of   thv  other  eleni«iit;  or  2  atoms  of  one   elc 
with  I,  3,  j,  or  7  atoms  of  the  other  (912). 

The  combining  numbers  of  the  diffprcnt  elements  siinplr 
prc^  the  ruletitc  ncight^  of  their  atoms,  and  hctioo    the  xer 
atomic  weit/ht  i%  \iy  many  vrilers  uved   na  »yatmymou»  with 
otcAcmicat  e(/mvaie«t  (13),  or  combinirig  proportion. 

Kuthitig  is  knoffii  of  the  absolute  size  or  freight  of  tbne 
nltimate  jiarticlvtt  of  matter,  but  It  appears  to  be  certain  that  die 
.  nmoiint  of  heat,  of  electricity,  and  of  other  forces  aiaociated  ailli 
CAdi  chcmioa)  atom,  is  perfccUj  definite.  We  are  alM  in  igna 
Tance  of  the  form  uf  time  alom»,  for  it  is  denrljr  prmcd  that  tl 
I  uiDutvst  parlidc  of  matter  which  the  eye,  aissisiDd  h^  the  nost 
poircrful  microflcope,  is  able  to  perceive,  yet  conaislti  of  an  ia> 
definite  multitude  of  atoms:  tlic  configuration  of  such  niinntc 
%i);iblc  particles  cannot  iherc^fore  fumi-ili  any  clue  to  the  (bap« 
of  the  ultimate  particles  of  which  the  body  is  comitosed.  li  9, 
however,  not  improbable  that  the  atoms  of  iho  elementary  bodie* 
are  cither  sjihericat  or  spheroidal;  the  simplicity  of  such  fwn 
bcin^  most  iu  tutrmony  nith  the  equality  of  attructiun  tn  diCTcrcal 
directioui,  I 

^  t.  Atomic  Voi.ru  ca.  I 

(ijlj)  Various  attempts  have  been  made  to  (lotcrminc  (be 
relative  HiEes  of  tlic  atoms  of  tlitfcrent  clcmcnta,  some  of  vhich 
will  be  briefly  noticed  almost  immediately.  It  is  probable  thali 
even  iu  solids,  the  distance  bctireca  their  componcut  particki  an 


macb  greater  thaa  the  tiiamcters  of  Che  particles  thein»el7e«  ;  and 
in  gMcoiu  'bodie*  thwc  intervals  of  course  will  be  very  tmicli 
greater  than  in  liquids  or  id  aolids.     The  observations  of  Ualton 
and  of  Oay-LusMc  uiton  tUc  effects  of  temperature  upon  ga«es  , 
led  tltesc  pbilotoplicrs  to  tlie  coiielusioii  that  the  exiiatision  and  I 
contraction   uLich    aeriform   bodies    undergo    wlicu    subjected    to 
equal  increments  or  decrements  of  terupcrntare,  ceteris  paribug, 
in  uaifonn ;    and  it  hut  bcuce   becu   argued,  from   tbe  reeidts 
oblaiticd   br  Gaj'-Lu&sac,  and    by  Balton,   that  in   aeriform   anb- 
sttitices  the  relative  distances  between  the  component  particles  of 
all  giuies  must  be  uniforai  in  all.     More  nccnntte  rcsearchca  have, 
hoirever,  shown    that,  Although    for  general    purposes   the   law  of 
the  uniformity  of  expanition  of  gnscs  by  beat  may  be  admitted, 
yet  it  is  not  itbsolulcly  true,  and  that  the  departure  from  this 
law   !s    particularly    evident    in    the  case   of   those  vapours   and 
gases  irhich  arc  readily  liquefied  by  prc8«ure  {liole,  p.  iK6,  I'ort  i.).  _ 
ICxpcriment  hua  proved,  that  iti  tlic  auc  of  elementary  bodicti 
which  are  iu  tbe  gaseous  form,  the  cquii'alent  quantities  of  tbcan 
bodies  arc  proportionate  to  their  densities,  as  shown  in  the  table' 
givrn  on  the  follovtin^  page,  and  the  equivalents  of  these  tlemcnta 
are  cO"»ajiicnlly  represcuted   by  nuoiburs  which  exhibit  the  ratio 
of  their  atomic  weights. 

Oxygen,  pbotpborus^  arscuic,  sulphur,  and  selentam  form 
exccptiuus  to  this  rule.  Cicrburdt,  however,  induced  by  other 
CO usidc rations,  doubles  the  UHual  atomic  weight  of  oxygen  and  of. 
sulphur,  ID  favour  of  which  proccdui'e  strong  arguments  may  bel 
adduced  (919).  If  his  view  be  adopted,  the  anomaly  disappears 
ill  the  caae  of  oxygen,  and  some  of  the  other  exceptions  may  he 
explained,  by  admitting  that  in  such  instnnccs  the  repuUivc  power 
of  heat  may  lie  inaulhcicnt  to  cause  the  complete  resolution  of  a 
Jy  into  itM  uliiniiitc  iitoms;   that  in  phoNphorua,  and  in  aracniCj 

ur  example,  two  of  these  atoms  may  remain   oseocintcd  together, 

iliilat  in  the  cane  of  sulphur  not  lc»s  than  six  atoms  (or  three 
3ni»    if   Gerimrdt'tt   view    be   followed)    may  be   »o   assoeiateilj 

aa&aiucb  as  instances  occasionally  occur,  &s  iit  the  case  of  copper 
%ad  mercury,  iii  which  two  atoms  of  a  substance  combine  aa  one, 
tbut   such    a  suppositiou   is    not   in   contradiction   to   known 

jialogies.      At    a    temjieraturc    below     ijOO°    on    equivalent    of 

tulphur  yields  a  volume  of  vapour  e<]n&l  only  to  one-third  of  thai 

one  equivalent   of  oxygen    at   the   xitme   temperature ;  but   if 

tieatcd  lieyond  i!foo°  it  becomea  dilated,  till  it  occupies  the  saooe 

bulk  08  au  equivalent  of  oxygcu  similarly  heated.     Selenium  also 

■exhibiu  ail  auomalooa  difference  in  the  density  of  its  vapour  at 
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low  and  at  high  temperatures,  similar  to  that  observed  tu  Qm 
case  or  sulpliur,  ntid  though  as  }ct  du  iitdlcutioiie  of   any  conc- 
ftuouditig  kbiionuoL  increa:>e  iit  the  rate  of  ex[>ani>ion    hu  Icttt  i 
obtcrvctl  vitb  phosphorus  or  arseuic,  there  u  botbing  improbilitc  i 
in  the  suppusitiuu  thut,  at  tcni^'rHt\in.-s  still  mure  elevated  tbau 
tlio»e  hitherto   tried,   rvsultus   aiiuh^uu^    Ui    lho»e   olitaincd 
sulphur  and  wleitium  might  be  procured. 

Id  compvuud  goacs  it  might  be  sujipoecd  thnt   tbc   iae 
IjulL   occupied   bjr  the  compound   atont  nuuld    interfere  with 
regularity  of  their  expaiiaiuu,  but  the  bulk  of  solid  matter  in  aj 
gaa  is  so  uiibII  cumpuitd  *ith  the  entire  spnoo  which  it  occui 
that  110  acDhiUc  irregularity  duv  to  ihix  chusc  is  (fcrccptible. 

Spee^/ie  Gravity  and  (JvmtiiHing  folumc  ^  the  EteiMtntary  Ga 


tia^ttaU  TwUi  in  Pub.  ^- 
On.                                           Cb.lD. 

1^ 

fi|>CTiA«  getrtif.        1                                   1 

CklndM^ 

ObonMl.  j 

8       Ox3f«n  -     ■     ■     j  J3M 

l'tOS'^3'  fi«gnBuh         fl 

31       PItwphorui    .      3X33 

4»a* 

44200 

Diunu           ■ 

75       Arsenic  ...    1  J3'.» 

io'i6jo 

106000 

>rii«chHid    1 

ID    1  Sulphurnl  1900^    ij'.l.'J 

2-lKtii 

11 

I>crai<-  i,Tnm 

,-)97    Sfleniain    1900° 

»i33 

S-4W' 

6*7 

Ueydle  A  Trtwit' 

16       Sulphur      .     . 

TV 

1  > 

6-6i3j 

«-6tj 

IVnmni 

1 

Bydtogini  .    . 

46-66 

0*0691 

00693 

J(t-);;iault          M 

M 

Nitncea    .    . 

46-66 

3 

oif6j4 

o'Wi3 

Krifiisult          1 

3S"S    CldOTine     ,    . 

46-66 

» 

o-ytoi 

'■47 

GAj-Luanc     ^ 

So       Bromine      .     .     ',  4fi'66  |i    a 

S:??6 

MttsehorfiA 

137         l<xlit)0     .      .      . 

50'0    Cadmium   .    . 

46116 

) 

DlUIMS 

4666 

» 

DBTiUeATnori 

too      McToury    .    . 

4666 

J 

DoBas 

Tlic  third  coUimn  of  this  tabic  indientes  the  bulk  of  vwpam 
iu  cubic  inches,  furuished  by  a  uiimlicr  of  grains  of  each  deseot 
coi'reK ponding  to  its  combiniug  uomber,  the  value*  in  radi  caM 
licing  calciiIutCid  at  a  leinpcnilure  of  60**,  and  under  a  lauYiaiMrit 
pressure  of  30  inches  of  mercurj. 

(l_^t6]   Atomic    Volume    0/   Compound    Gatta. — AllusiDn 
bccit  nlrendy  made  (14)  to  the  important  law  of  comUiuatiuu  — 
that  when  two  gaseous  subst^uceA  unite,  the  bulk  of  the  rrsnJtS 
compound,  if  gaseous  or  t-a|)orous,  «hea  it  does  not  coiucidc 
the  united    hulk    of  its   eomponcnts,  yet   always  l<«ani  a  muii 
relation  to  it.     The  two  gases  after  combiiiatioti  never  oocuj 
larger  volume  than  they  did  »hco  separate.     No  fixed  ruh*, 
ever,  can  be  laid  down  by  which  it  cau  be  pre<licted  whctier 
dentation  will  eccur;  or,  if  it  occur,  what  uill  bo  tbc  amount 
ooiidcntatioa  lW\  "kUX  «£<:(i'ai\:%vj  0>\«  act  c^  roiubinatiua. 
the  majority  o£  tuaVwacca  iiVvta  **YKi.  -(*i,\w»wsi  ^Jl,  sSsr. 
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gasGB  unite,  aa  ia  the  acida  containing  hydrc^eo,  no  change  of 
Tolnme  takes  place.  Numerous  cases,  nevertheless,  exist  where, 
as  in  the  compounds  of  mercury,  equal  volumes  of  different  gases 
or  vapours  in  uniting  become  condensed  to  one-half  of  their  former 
bulk.  When  two  volumes  of  oue  gas  unite  with  one  of  a  second, 
the  condensation  is  generally  found  to  be  in  such  a  proportion  that 
the  three  volumes  after  combination  occupy  the  space  of  two.  This 
is  exemplified  by  the  protoxides  of  nitrogen,  of  chlorine,  and  of 
hydrogen,  and  the  probability  that  such  is  also  the  case  with 
carbon  has  led  to  the  adoption  of  two  volumes  of  vapour  as  the 
representative  of  the  atom  of  carbon.  Such  a  mode  of  conden- 
sation, however,  is  not  uniform.  In  some  cases  the  three  volumes 
are  condensed  into  one,  as  in  cyanogen,  and  iu  light  carburetted 
hydrogen  gas ;  whilst  in  the  complex  molecules  of  organic  chemistry 
the  condensation  is  much  greater.  The  following  Table  comprises 
the  determination  of  the  vapour-density  of  the  principal  substances 
described  in  the  Second  Part  of  this  work,  and  it  exhibits  the 
degree  of  condensation  in  each  case: — 

Table  $hQwing  the  Density  of  several  Compound  Gates  and  Vapourt. 


Ham*. 


I.  Qaia  untied  aithout  Condeiualioa. 

DCEUitJ. 


Coutltaenta. 


Hjdmeliiorie 
kcid      .    . 

Hjdiobiomic 
add.     .     , 

Hjdriodio  aoid 

H;draoT>iiiia 
•dd.     .     . 

Deutuxiile  of 
nitTDg«a     . 

MnrUte  of 
Ammonia  . 

HTdriodkte 
of  phoaphn- 
letted    h7- 
drogea  .    . 

HTdrobro- 
mate  do.    . 


1  H 


iB 
1  U 


Tol*. 

1  Gl 


a  Br 
»0 


4H,N  4HCI 
4  H,P  4  HI 
4  H,F      4  HBr 


Furmiiki. 


Ha 

4 
HBr 

A 

HCy 

4 
NU, 

a 

H,PI 
H 

H,FBr 

a 


f.V^'    CilcnUted  ObMtiToiI. 


ItUd. 


i8-i 

40-5 

'3S 

'S 

13-4 

40s 

1B7 


Aiw  =  x. 


4'4HS 
C-9J4 
I  038 

0-91  sg 

1-798 
1-983 


Ait  »  t. 


3  Yolumtt  eondetited  into  1. 


BUam    .     . 

TntsaiAtot 
Qitrogen 

HtpooUokiu  > 


J 


4H 
4N 
4(3 


lO 

3  0 


Ml 

4 
H.Q. 

4 


435 


<Sa4i 


■■=474 

1-71 
4  4*3 

0-9475 
I  -0389 

0-89 

'77 
igo6 

0-6135 


AothoTitr. 


fBbt  and 
\      Aragu 

Loirig 

Qaj-Lusaac 

Qaj-LoBaac 

B^rard 

Binean 

ditto 

ditto 

Q»j-Lus»ac 
Colin 


1-981  ^\^ 
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Table  showing  the  Dentiit/  of  several  Compound  GtucM  and  Vapot 


Peroxide  of    1 
chlorine    .  j 

Peroxide  of 
Ditrogeo    . 

Calomel     . 


'.i 


CoutitaaiU. 


Dibromide  of 
merentj 

'Carbonic  oxide 

fSnlplmretted  ) 
hjdrogen  .  i 
Seleniii  retted 
hydrogen  . 
Tellaretted 
hydn^n  . 

SalphBroos  acid 
SeleniouB  acid 
Carbonic  acid 
Snlphurlc  acid 


Toll.  ItAl. 

1  CI  4O 

aN  4O 

4Hg  aCI 

4Hg  4  Br 

4Ct  aO 

4H  aS 

4H  iSe 

4H  1  Te 

sS  4O 

iSe  4O 
4  C,0,  t  0 

4  S,0.  J  0 


Formula. 


CdcnUtod.  CalcnUed    Obwrred. 
B  ~  I.       Air  o  I.      Air  =  i. 


CIO. 

SO, 

By,Cl 

C*0, 


4 

H,Te, 

4 

Se,0, 


i>«uitr. 


40 


Dromide  of 
mercury 

Bed  iodide  of 
in  ercurj 

Chloroear- 
bonic  acid . 

Ammonia  . 


cid.} 


Bisulphide  of 
carbon .     . 


Cfalnrosut- 
ph  uric  acid 

Dut<;h  liquid  . 

£[anochlori- 
nated  do. 


I   3  Hg  1  Br 

4  C.O,  4  CI 

4St  4C 

4  8,0,  4  CI 

4  C.H.  4  CI 


:1 


4 

4 

Folumu  eondeTUtd  into 
HgCl 

J 
HuBr 


33-8 

13 

1 177 

140 

"4 

>7 

407 
655 
3» 

£57 


1-331 

<S9* 
8-136 

9-674 

09674 

I -174 

a-8ii3 

4-516 

i-iiii 

3 '84(9 

1-764 


a-jai 

8-350 


10*140 

ditto 

0-967 

Wi«de 

I'lgia 

Ov-i^ 

'■79s 

rKneai 

4-489 

CCUeal 

1»47 

Benelia 

4  03 

MitaJiei 

1*5 '9 

R^^dIi 

301 

Uiweha 

Antbi 


ditto 


CjOjCl, 

4 
H.N 

4 

C,H,C1,HC1 

C.H,d,.BCl 

4 


'35 '5 

9' 363 

180 

11-438 

«7 

15-666 

49 'i 

3-4-20 

8-5 

0-5896 

38 

1-6 160 

6;-5 

4664 

49-S 

3'4»o 

66-7 

4'6'3 

g'Soo 

ii'i6a 

15-600 

3-6806 
0-590 

5-6447 

4703 

3'4;8 
4-613 


MitBckn 

'     ditto 
ditto 
J.  Dirj 
-H.  DtTj 

jfiegiunli 
ditto 

ditto 


•  Here  it  is  aBsumed  that  1  equivalent  of  carbon  yielda  a  volumes  of  nyw 
Many  cliemista  coosider  that  it  yields  only  i  volume. 

t  Sulphur,  in  accordance  with  Bineau's  reiearchea  upon  it  at  lut;li  ta 
pGraturea,  ii  &BB\imed  to  have  an  equivalent  volume  equal  to  tbkt  of  oirgvi 
uud  Beleoium  and  tcM\iivM.ta  wt  iM-^^ofcciVi^ie  isaXo^oua  to  it. 
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[OMdiHHid:] 


J 


Contitoent*. 


4SI      4CI 
sBt     6FI 


Formala. 


C,HC1,HCT 
CjC1„H01 
C.CI*.C'i 

4 
BP,- 

4 


DanBty. 


CitlonlUMl.  Cabuliled.  Oti»md. 
H  =  I.         Air  >i  I.     Air  ~[. 


84  0 

ions 

Il8-J 

67-5 
339 


5-804 
6-996 
S-iSS 
4'«44 


a '345 


5*76; 

8-IS7 
470 

1*3H 


Aotbori^. 


ditto 

Damu 

ditto 


7   Volumet  eondtnird  tnlo  4. 


■i 


6H    iP 
6H    I  Ai 

.Ua     6  0 


H.P 


'7 
39 


1-175 
.■748 


ri85 
3-69! 


ditto 
ditto 


4 

4 
S  Votumt$  eonderued  into  3. 

CIA       I     joj     I  1-740    I  1-646I  iMillim 


1 


4CI  6C1 
4  Pe  t  6  CI 
4AII  6a 

4  Alt  6  Br 

4AII  61 


39'! 

5  FoIuniM  condented  into  2, 

4 
Fe.Cl, 

AljCl, 

4 

A1.BT, 

4 

AI.T. 

4 

6  Foiamei  condeniwi  into  t 


59"»S 

4'094 

4-089 

i6i-S 

II -US 

11-39 

i33'9 

9-353 

934 

167-3 

18-483 

i8-6 

408-5 

iB-iaJ 

J7*o 

.  I8CI    4N 

l  4Ct  sa 

4Ct    8H 

■  I  ^Ts^  sa 
i  4Zri  8  a 

t  JUSnt  8a 


4 

16 

I'Boo 

1-8064 

77 

S-3W 

5-3 

4 

8 

o-55» 

0-S57 

Ti,a. 

Zr,Cl, 
8ii,Cl. 

4 

96 

6-633 

6-836 

115-8 

8-001 

8-.5 

130 

8-98 

9-199 

B^UQlt 

{DeriBe 
'^liTrooRt 

ditto 

ditto 
ditto 

Gtay-Lnuae 
Begnaolt 
Tbonuoa 
Ddidm 

( Deville 
jft  Troost 
Dunu 


rnour  Tdniaeo/one  atom  of  each  of  the  diiEet«i.tm«i^«i»i»Mwam!A. 
3  K 


Tablf  ghowittff  the  DtntHy  ofttveral  Cumfomnd 


OlMIMB 


'.} 


CUMUeoT 
alliua  , 


48>l   9FT 

4S1  aa 


rioMln, 


0<mH: 


R-L  J^- 


ft 
ft 

7r» 


r»«3 


ToretlMvtarf 

tP    6a 

?9» 

68-j 

'ti« 

« 

.11 

lAi     6C1 

AMI, 

4 

SOT 

TntliloriiU     i 
(it  maUmaaj  J 

16b    6a 

4 

114*1 

DtblHWIlh 

iBi     «0I 

ij«l 

5iJ 

♦7' 
6-if 

7*9 


I]i  the  forcgning  Table  nil  compounds  into 
wbicti  carbon  iukI  byilroseu  boUi  eater  are  reprcM 
wetgbt  e^ual  to  4  volumes  of  TApoor,  (0  =  8  bci 
aad  iu  the  pi^ority  of  other  uses  tlie  fortnikUe 
TolutDC  ronaulau  Tbis,  mitcccl,  appoan  to  tw 
ot  bodies  in  tlie  uriform  state. 

Kxocptions,  boncvrr,  occtir  in  the  am  of  tb 
the  hjrdrochloratf,  hyiirobTomate,  bydrocymuU 
salpbate  of  tbc  sulpbidc  fiiraieb  S  Tulumei  of 
cntlcaroutcd  to  c^plaiu  tliin  aiiumit);  ao  the 
the  high  temperature  ucccMary  to  >'oIattli»  th 
poNtioo  takes  [>luc«.  nud  tbt  salt  is  rc0olve<l  into  i 
•mmoDia  and  the  ganmns  und  ;  and  tu  tb«  ten 
enter  again  into  LvmbiitattoD.  This  ricv  ia  i 
alao  applicable  to  a  caw  each  as  that  of 
•mmoiua  II^NS,  which  yields  a  6-voluini:  rap 
lie  produ4!ed  by  the  U'lnntion  of  tbe 
stiluvuts  ammouia  (4  vols.)  autleiilphtirrlt 

SirtitUr    ex[itiuiali<iiii    huTO   Ikvd    aiig; 
liydrimlate  and  hydnibroniTi*" 
luulecule  ofewb  of  which  vi' 


,,1 i... 


W  EoTvrSV 


kL .  M^^W  moMm  I 


KAId.    "**—    ' 
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rbonate  of  nnamoQia  II^NO,n,lV'C,Op  according  to  the  obserra* 

sn  of  13iiie»u,  yield*  il  volumes  of  vipour ;  and  this  would  be 

result  if  it  broke  np  into  2  IIjN  =  H  roU,,  and  C^O^  4  I'ola. 

la  tike  maauer  llegnault  obNcrved  that  the  cooipouud  C^Cl^O,, 

tallied  by  acting  with  chlorine  upon  mcthylic  ether,  yields  8 

sis.  of  vs)M>ur,  which  may  be  explikiued   on  the  aii|)po»itioii  that 

len  heated  it  splits  into  phosgene  C,CI,0,  (4  toU.),  aud  bichloride 

'  carbou  CjCl^i  also  4  vols. 

Pentachtoride  of  [iliosphonis  is  also  a  body  which  yield*  8  vo1». 
vapour,  and  which,  at  high  tempcmturos,  it  has  been  jiu^etiicd 
ly  be  resolved  into  tcrchloridc  of  phosphorus,  PCI3  (4  vols.),  and 
Jorine  (Cl,)^  also  4  voU. 

There  are,  however,  cases  iu  which  such  an  ciplanation  ia  in. 
Imissiblc.     Chlorous  anhydridu  (ClO^,  is  a  (^-volume  gas  at 
titiary  tempcriitiircft  ;  hut  it  is  clear  timt  it  is  a  tnie  comb!  tint  ion, 
not  a  mixture  of  chlorine  and  oxygco. 

Orcin,  to  which,  ia  its  auhydroiis  conditioo,  the  fonnula 
J^H^O^)  M  awi^ml,  yields  a  j-volumc  vapour  (Dumau)  j  but  this, 
'correct,  cannot  be  eicplaincd  njion  Kopp's  theory. 

Some   remarkable   irregiihiriiies   have  been  obeerved   in  the 

roluroc  occupied    by  the    vapours  of   many  volatile  compouudR. 

Many  of  thei>e  va^iours  at  a  low  temperature  have  a  deiinity  mueh 

^eatcr  thau  that  which  they  passes^  when  more  iitruii{;ly  heated. 

The  rapouraof  the  volatile  acids,  such  as  the  formic  and  the  acetic 

wads  in  jMirticuliir,  exhibit  tUttt anomaly  in  a  marked  degrc«  (t  103). 

(151;)  Atomic  Vdumei  of  SolitU.^i.   Simple  Bodies. — It  has 

been  supposed  that  if  the  atoms  of  all  the  cirrariitary  bodies  were 

of  the  xtme  sisie,  the  Mjiecilic  praviiiea  of  the  bodiej*  in  their  solid 

form  would  be  iu  the  same  proportion  as  their  atomic  weights. 

In    Mich  a  case,    however,    cither    the    particles    composiug  the 

Bolid  must  be   in  actuid   contact,   or   the   intervals   between   the 

particles  must  be  equal.      Dumas  showed  many  years  ago  tliat 

the  specific  gravity  of  certain  isomorphous  metals  was  nearly  iu  the 

direct  ratio  of  their  atomic  weights.     Siuw  thpn  both  Schrudcr  and 

Kopp  have  pointed  out  a  number  of  remarkable  rokttons  between 

the    deii»iciea    of  diflerent    bodies    aud    their    atomic    wci{;hta. 

Kopp  has  sbowD  that    many  of  the  clvmciilary  bodies  may  be 

arrunged   in  groupH,  each  group  coUMstiu^  of   Riembera  in   which 

the  atomic  volume  i»  identic^.     If  «uch  weights  of  the  diflerent 

elementary  bodies  as    represent  the  atomic    weights  of  cacti  be 

compared   together,  the  bulk  occupied  by  each  body   will  Ih.- vuch 

aa  ia  indicated  in  the  column  beaded  atomic  volume  in  the  following 

Tabic:— 

2  m.  2 


TafJe  of  the  Atomic  VclMaa  o^  Elrmenianf 


9't,  OAn^ 

*4».  »»— :   S-ji, 

S-gA,    Btnclrati    871, 

Brauo- 
ii'iii,  t>trilb  md  Dufani 
11-4.  DnflW  Md  EMnj 

ir  ■«,  WoltaMM  ;  1 1- >,  ClMd ;  m, 

i>tTUlc  ud  D^V 

II  I— 11-4.  DctiO*  wd  iwnr 

8iSo,   SUoMtrcT  I    8<i, 

Kopp  I 

■  'T4Ji  Bsnaen 
i}-6,  KapSn-,  CktnWb;  13-*^  h 

1-99— 1«^    ^«n(«D  ;    r^Ml 

K'am^D  I 

ir44,  BcmliM;  ti-jj,  ir<nrilk:, 

n -jj,  Kapte  :  1 1 -j6,  a*lck  1 
i9-i4.  0.  Bow  :  iQ  lA,  Hhtrn  I 
ta-$i.  a.  Boa» ;  10 .«,  Ejuum 
6'?J4  Bnwfiiu 
o-£93,Bnna 

I'S'S.  BOMM 

S'T— 5*9*9.  Ootbovti  S*;.  B» 

i-Bj,  S(kf«i|«r  ;  1-77,  BwmQm 
4*54,  BOMC*  I 

K*r*t«a 
g-flS,   ntMrd :    n^i    n. 

9A  UardiAiHl 
(Ilt|Bu])  1-99,  U>w, 
(tiqabll  (i-ij  ab»u;j,  fw*!*) 
4'9f-  Qkr-LuMM) 


*  In  tli»  above  Tnbl«,  tbo  otdomn  ItMiJed  taleulated  tpaeific  gntvitj  ta<i- 
«nlr*  llio  numbers  nliii^h,  ifiucd  an  ^iriforaof  ihu  C«{UiT«leill  nDlst)eo,  TuU 
I  Ihf  uuiuliun  wUicii  on  Rd»j)Ced  b£  the  atunic  volume  of  Uw  botljr. 
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lie  volume  (or  sprcific  volntcR)  of  any  substance,  simple 

Dpounil,  mRT  be  calcttliited  by  dix-idiug  it»  clicmiail  eqiiirnlcnt 

ciRc  pra^-ity.     Tlm»,ifrf=  tte  density  orspccificgrantj', 

batORiic  wci^bt  or  chemical  equivalent,  and  r  =:  the  atomic 


^^d 


.  umple  mode  of  determining  expfiriraentally  the  atomic 
le  c^  a  body  was  employeiJ   by  Playfuir  aud  Joule.     Their 

it«s  or  vobantnomeU-r  consists  of  a  globiilar  flask  provided 
Inng  Qarrov  necV,  about  twelve  inch(»  in  length,  graduated 

bdovf  upwards,  to  indicule  graiua  of  water.     The  flask  is 

dtd  with  a  tubulure  (nccnratcty  fitted  with  a  grouud  stopper) 

BLsdiai»siun  of  the  Holid    body  for  expeiimcnt.      Wlten  tliv 

^Hut  ia  to  be  used  it  ia  to  l>c  filled  up  tt)  the  mark  o°  ou  tlie 

^Bth   water,  with  oil   of  turpcatiu«,  or  ivitb  wme  liquid 

Rccrt*   no  Kilvciit  action  on  the  body.      It   is  then   inclined 

e  sidL>,  the  stopper  removed,  and  a  neighed  quantity  of  the 

onder  esperimeut  is  carefully  introduced  :  the  stopper  is  then 
etd,  luid    the  number  uf  divisions  which   the  liquid  is  raised 

le  stem  iodieatcs  in  grains  the  quantity  of  water  winch  has 

displaced.  'Flius,  if  350  grains  of  iron  (un  equivalent  ia 
a  ou   the   oxygen   scale)  he  introduced,  the  liquid    will  rise 

[vikions  in  the  stem  of  the  instrument,  indictiting  the 
■lent  volume  by  simple  inspection.  If  the  quantity  of  the 
aooe  employed  bo  less,  say  one  tliird,  or  one  fourth  of  an 
■lent  in  gmins,  the  ri«e  in  the  etcm,  when  multiplied   by  3 

4«  u  the  ease  may  be,  iudieates  the  atomic  volume  of  the 
under  c^jwrimeut.  The  same  experiment  also  furnishes  the 
lor  deCermtning  approximntively  the  Rpccific  gravity  of  the 

Mncc  the  weight  of  the  Mut>staucc  UM-d,  when  divided  by  the 
er  of  divisions  which  the  Uquid  has  risen  (corresponding  to 
eight  of  the  bulk  of  water  equaJ  to  the  solid)  will,  of  course, 
be  ipocific  gravity. 

ditOder,  Kopp,  and  many  of  the  cheniislii  who  b&ve  worked 
thia  Buhject,  have  made  their  calculatione  n[)on  the  oxygen 
of  equivalent!);  but  recently  Kopp  and  others  have  aduptcd 
atiotis  from  the  hydrogen  uuitj  both  sets  of  numbers  are 
lore  given  in  the  Table  to  facilitate  reference, 
him  tlie  fort-going  T:ible,  it  i*  apparent  that  acreral  groups 
ftelric  clenjL-utary  bodies  (that  is  to  say,  bodies  posses^  of 

atomic  volume),  exist;  and  that  between  many  of  thetegroujis, 
pie  rehition*  of  a  simple  kind  occur,  thu-i : — 
The  atomic  volume  vf  the  group  cootunmg  coW^X]  «a^^t , 
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iNrtCBNCE  or  isaMOftmisM  and  DuioKrniBX. 


iron,  manganeBc,  had  oickcl,  it  double  tlimt  or  carbon  as  found  _m 
the  diamond. 

2.  The  atomic  rolume  of  the  group  cootaining  alamiDTin], 
lybdeoum,  and  tuugstcu,  is  to  tbat  of  llic  iroa  grotip  as  3  :  3. 

5.  The  atomic  Tolume  of  lead  u  doable  that  of  platinum  tai 
its  congeners. 

4,  There  are  lodicatloDs  of  an  equality  in  the  atomic  voluDie 
of  tlie  kniogcnA—cbluriue,  bromine,  and  iodine;  bat  the  specific 
graviticH  of  these  bodies  arc  uoL  koowD  with  aufficieut  icciuicj' 
lo  admit  of  a  satisfactor;  compariBoD.  That  of  chlorine  is  onlr 
an  ap]>roximatton,  and  it  wiu  iu  the  lii^uid  form,  whereas,  lodinl^ 
with  which  it  is  compared,  was  iu  the  solid  state. 

5.  It  baa  been  Buppo»e(]  that  tUc  atomic  rottune  of  poto- 
sinm  i«  double  that  of  sodium ;  but  if  thin  be  so,  the  spedfie 
gravities  of  die  two  metals  obtained  by  cspcrimeut  must  be  inaoca> 
rate.  If  that  of  sodium  were  0-99,  and  that  of  potosaitna  O'il^ 
the  ratio  of  tlicir  atomic  volumes  would  be  as  390  :  580,  or  ■ 
as -a  :  46-4. 

(]ji8)  Infiaencc  of  Imfnorjjitiim  and  qf  Dimorphism  onAtvmt 
fohanr,— Kopp  has  further  shown  tbat  the  coincidence  in  atutnic 
volnme  first  observed  by  Dumas  in  the  cajic  of  certain  isomorpbooi 
metals,  holds  good  very  generally  with  isomorpbous  bodies ;  10 
tlintj  when  the  voluuiee  occupied  by  eqiitvaleut  weights  of  tuck 
bodies  are  compared  togctlicr,  the  volume*,  allowing^  for  errors  of 
observation,  are  idcnticsl.  This  law  is  found  to  hold  good  botk 
with  elementary  and  with  compound  bodies. 

A  clo»c  approBcli  to  isomorphism  in  coin]iound  bodies 
Dot,  however,  necci^arily  indicate  the  isomorphism  of  all  tbttf 
correepouiling  constituents.  Sulphate  of  sine,  for  example,  i* 
isomorphous  with  sulphate  of  iron,  but  metallic  zinc  and  metallic 
iron  are  not  isoniorplioua;  nud  indeed,  Htrietly  speaking,  the  ultt 
are  not  identical  in  form,  for  though  the  crystals  resemble  each 
other  in  their  geometrical  figure,  yet  when  their  angles  arc  aecn- 
rately  measured,  cousidtrablc  differences  are  detected.  The  wild 
volume  of  the  crystalUjiwi  sulphate*  of  jiuc  and  of  iron  diffcre  hot 
little;  the  atomic  volume  of  sulphate  of  zinc, acconling  to  Filhol'i 
experiment*,  being  880,  and  thnt  of  auiphate  of  iron  920,  and  since 
10  lai^  a  proportion  of  the  mass  of  the  salt  is  in  each  case  made 
up  by  »u)»tauee!'  which  arc  ideuticalj  the  same  general  fomi* 
prew-rved  in  both  salts. 

In  the  case  of  dimorphouD    mibstances,  the  Bpccilic  grrrily  ot 

ibe  body  in  one  of  its  forms  is  greater  than  it  i^  iu  the  other 

I  imt ;  cou^ctjucutlyj  such   aubstances  possess  two  diOcront  t^^ujd 


DtarrftBIMO  INnVStfCK  of  «MPBHATrR«, 


an 


Tbe  rolloving  TbIiIb  canlaim  the  specific  grmty  aad 
Tolume  of  a  fcvf  dimorphous  substances: — 


flpMUe 

AMO^ 

■nriif.         >«lua«i 

34' 
J-09 

32 
36 

5aCiTe  nilpltnT  (oetotisdnl) 
PrumAtie  (oljihur    .    ,    . 
Yuooua  ■ulpltur  .... 

•'957 

97"5 

t02 

3"oo 

"9 

311 

91!  IHtlurbing  Influettce  0/  Ten^ieralure. — Tljcrc  can  be  uo 
,t  tlie  atomic  volume  of  &  bod;  Is  a  character  as  definite 
to  specific  gimvity,  or  its  equivalent  number;  but  tlie  determi- 
Q  of  iu  precise  aioouDt  is  oppowd  by  aome  peculiar  aud 
Aenblc  obnUcles.  One  of  these  arises  from  the  (lifTiculty 
coniU:ly  determining  the  specific  gravity  of  a  aoUd,  uuder  cir- 
lancwt  which  shall  be  properly  comparable.  Since  the  bulk 
bodies  vftriea  with  the  temperature,  and  incn-ases  a«  the  tein- 

Pme*^  the  specific  gravity,  an  taken  in  the  oi-diuary  method, 
hable  to  varialiim  accordiug  to  the  tcm])crature.  Thia 
1  be  of  little  cousequcncc,  however,  If  the  amouuts  of  expnn- 
producc<I  by  ctjunl  inercnictiU  of  hiiat  were  alike  in  all  bodies  ^ 
jtperiment  distinctly  proves  that  this  is  not  the  ease,  and  the 
extcut  of  tliis  variation  amongst  many  of  the  simple  bodica, 
be  acca  by  the  subjoined  Table  :— 

QMe  Bifpaiaion  0/  »ome  of  the  Metals  from  32°  to  ai2**. 


(^•■ItiiLlbb  JUwakfldam** 


AppvaitinMrTO 

NUMaf 

apaoriM 

fDrM.T«ta> 


•■3 

3 


( a 
II 


l.Gtbahlr. 


0-156 

0-335 
0-300 

o'Ooo 
0750 
ii.S 


Duloog  and  P«lit. 

LafOMi«r  «n(l  biplue. 

Smetton. 

IdiTiMsicr  anil  LaplaM. 

Do. 
Smeaton. 
isToiner  and  Ltpbuc. 

Do, 
Smcnton.  1 


;.*   ri- 


t:;u^-  -iiu  sLJif .       !.  T':  -rr-mie: :  .■;« 


.  ^ 


1    ' .  ■.■.r.-<^r.  --.,1-    -.,1   .:^;     i.riu:-:-;  r-:tii  "ti^^^  iii.t:  :- 


I  .••.ri 

-•"•/.-■■ 
ft  .     1 

//.     <■ 
*  ■-', 
1'.-^.    >■ 

kf 

HI 

'( ti'  ',/..J«:*  riihy  U  --.MLvifJfid  it,:o  focr  classes.,  in  earh  of  whi(* 
till  utyf/iu  MMiit  U:  >M\i\/,'tA  to  undergo  a  different  amount  ofwn- 
<)«iii.(i(('.n.  \\t  t[,(:  fir«it  class,  the  equivalent  volume  of  oxTgcii  is 
i««iim«(U,y  Ki.j.jj  l(j  U-  ri,  tliemttal  retaining  its  original  Tolunip; 
ill  flic  wridifl  Jtiiil  Hiorf;  iiiimf;rou)tcia»s,  the  metal  retains  its  original 
*«liiii»-,  liut  Ihjif.  i,r  ((ji>'({i:a  in  32  ;  in  the  third  class  the  Tolumc  of 
/((I'll  in'i,).  In  i.|i<;  fdTirthdafls,  assuming  the  volume  of  oivgea 
Im  \i,  llii'  iiirliiln  iiiiilcrjjo  condcusation  ia  the  act  of  comhiniiig: 
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lus,  T  find  tlmt  ahitniiium,  cAlciuin,  ami  titroiitiiitn  arc  contlcnKcd 

ito  cxiictly  half  tliL-ir  vulumc.     The  piK-cifie  gruvity  of  burium  ii 

It  kiiovti  Willi  certainty,  bat  it  is  probable  that  it  Iikeni(>n  helonga 
I  the  nme  cluiut.     The  coitdeiitiation  expt-riciiceil  by  wwlium  and  bjr 
im  18  auch,  that  they  occupy  very  nearly  one  third  of  the 

sluiDc  which  tLey  ponitCM  in  the  unconibincd  form  ;  thus,  if  tlie 

imic  volume  of  ihcw:  two  mctuU   be  divided    by  3,  we  have  for 

tthum  295-^3=98  ;  by    obaervatioii  of  the  density  of  Mjdo,  it 

»102,  when  combined  with  oxygen  of  ao  atomic  volnntcof  32; 

for  potaMJum,  562-^3=187;  whilst  by  observation  of  the 

EDsity  of  potash  it  iit  1 84. 

The  tables  which  follow  are  based  upon  those  giten  by  Kopp, 

it  they  include  many  new  data,  and  scTcral  of  thu  results  haie 

Bn  rc-calculiit«il  from  the  vakhicx  more  recently  a&signcd  to  the 

imic  weights  of  iron,  autimouy,  calcium,  chroiuium,  tuercury, 

loljhdrnuni,  tungsten,  and  zinc.     The  atomic  volumes  for  the 
rious  sall.4  art^  all  calculated,  not  on  the  binary  theory,  but  on 

Ite  hypotheifis  that  the  salts  conttist  of  an  oxide  united  with  an 

ibydruua  acid. 

Ahmic  Volumes  of  eerlatn  Oxidet. 


Oiiii*. 


Cum  I.    Volume  of  0=  ilS. 


ChTDmiam    .     Cr,0, 


U»A  .     . 

CtalxJl     . 

Iroa    .     . 
AnliMonr 


lf«niry .     . 
MaljtidkMia 


Fur.    Eql.Xu.         C»lniW»d  CUml, 

iuuIb.  '  0  K 109     Alofiiiu  VoNinih     Sp.  f  r, 


CnO 

Ego 
AkO 
ZnO 

BiO, 


Oa.O 

H|t,0 
WO. 


ijf6    13*+   48^180 
9Ji    "»'+  i*='ii 


66t 
ii' 
703 


ObMned 
SpMUla  Qnnity. 


itj,  BeulUj;  $70,  RtnUn. 
yti,  *alil«T. 

&'^,  Mohij  <S'^o,  Boollnj;  6'£|, 
HaniMtb. 


496 

506 

1037 
1000 
iRif 
»^6o 


Cum  U.    Volniu*  of  0=  j*. 

(t-^i,  Kirtten. 


81+  ja^iij 


"4+-  3»! 
914-  i* 


■146 


101+   3»  =  iJ3 


S84-  96' 


'2* 
184 


117*-  5«  =  jnj 
i;o-(-  96-366 


yog 

6-J3 

'«■?? 

9-06 
6-iB 

809 


»'9i,  naxnnn. 

64),  K»m*B  ;  6'tJ,    Batillar; 

6'4,  HtnriUi:  e-jij,  FillioL 
9-;o,  Boutl*;;  9'j6c.  Pithal. 
li'O,  Buulkj;  li'l,  Heni|Atb; 

ll'lo,  KkrrUn. 
8-jfi,  K*™!™;  7-9j,DonlIi7. 
$-67,  Ucm(HiUi. 
5-43,Moh«iS-te,lloulhr;57J, 

KuMea. 
£'60|  Boulln;;  s'ji.  Hcniatli. 
S'flJ,  Boollaj;  j  li,  Mohi. 
i-;tl,  BodIIaj;  jst.  M«1* 


y-i;,  KanrteiiiS-si,  U«r*|>«>tli; 
8-45,  Duau. 


Cuu  in.    Votano  of  0=64- 


89, 

i6eo 

900 

'450 


88+  64=iSi 


I8i4  64: 

66  +  191 
664- 191 ' 


'I46 


i«7 


57J,    Kw«t«D,    DniDU;  t'Oj, 

Ucrwttli. 
to'^,  i{«n]*th;6'95,  KsnbiD, 
J  46,BtTsmuui;,1'49,  Benetici, 
j-»7,  Ucrapaik;  (i-ii,B*TMliai, 
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OiliK 


Ouvn,  Cuae  IV.,  in  «*«'«*  /Ae  mtt«t  mndtrgfn  tondtntalim.    Osji, 

far.   'Kqt.:!la.       CalniUidl       >Ct(Da.[  Otwmri 

mill*.  '  Ob  leo.  Aunuic  Volum*.  \Br.tr-\  lp«aa«  B(«>«r. 


LIut.     . 

PotMb     . 


AI.O. 
BftU 

SO 
9K) 


6^1 
6$o 


1*4+  3* 
ioi-»-  31 
i«8+  }) 


.stS 
'I40 


5-96 
3-iS 


Llfoj*r  uj  Dim**.        ^ 
«^  Kmtca. 
vS;,  IkkntMk 
4-«ir,nbaL 


Kopp  dindes  the  cliloridra  into  two  classes,  hi  ooe  of  « 
lie  supposes  the  volume  of  tke  chlorine  to  1>c  196,  Mid  tbe  trtlicr 
345,  the  ratio  of  these  Tolumcs  in  the  two  uUbms  being  as  j. :  5. 
The  Hcconlftnce  between  the  observed  and  the  calculated  reeiilttin 
tlir*c  Kslt*  is  Ices  snti»fnctonr  thnn  in  the  case  of  the  oxido,  ud 
it  bfcoDics  noccft&ary  to  aa«)ime  new  volumes  for  tbow  Detail 
wliirb,  like  [K>tA»sium,  eodium,  calcium,  and  niagueMum,  umkr^ 
condvnsntion  in  the  act  of  combining  :  the  voIuidm  thus  assuiial 
for  thcRi.  however,  exhibit  no  simple  relation  to  the  ntlnoe  of 
theite  metuls  in  &u  tincoaibined  8t3le: — 


CauwDiB,  Clam  I.    Volune  «(  CI  e  196, 


Chloridt. 


For- 


^u    ^-^^-^1^'^ 


6iif«t  . 

Lmd.    . 
B&iium  . 

Sodium. 


Colatt  . 

Capptt  . 
Ireo  .    . 

Mervaij 


Ammaiiiom 
Oilctun.  . 
MkgMnim 

BuonUiim  . 


BftCI 


■793 
731 


118  +  195^3** 


310 
3J9 


i3o-|'ii)li=3tA 


5'53 

3-83 


'Ug: 


KaMcb  ;  s'Si, 


OnwMPH^  Cum  tL 

>tS9 

:S 

=  417 

•  463 
=  303 

=  )8j 


Cod 
C1..CI 

8ri 
113  J 

CnCI 
Fca 
figCl 

849 

1693 

HEtCI 

1943 

n.Kci 

«68 

del 

«!)3 

HgOI 
SCI 

503 
93' 

%C1 

989 

44  +  »4S  = 

884-J4j>. 

44  +  >45 

44  +  >*i 

9'+»45 

181  +  145 

118+14$ 

60  4- MS 

40+145 
"34  + US 


Tol«n« 
l-8i 
37« 

j-90 

0'9O 
144 

tea 

151* 


to8ti4j°3£3     I'to 


3iMi,Bo«U»,;3-,j,KIU;37 

KantaB.- 
a'»«,  M«lu;i-it,  IC<|qi;i 

FiOiol-.  i-«S.KAnua; « 

«rci=>>43. 

i-6J7^  PlftjMr  Md  Joth. 

ud  ^onlc. 
3-»<4,  Pt>jfc!rMidJ««lt. 
s'3i»(,KilliuL 
314,   On>rtb:  3-4J, 

540,  KuUM. 
699,  l>M«c&;&7i,  He 

7  14,  Bonltar. 
i'(o,Ku|jfi;  i-si,ll(A«i  ll 

PUjrur  nd  JooU. 
»■»!  — »S7,  BcmllBf  ;i'tx] 

liol;i-4Sf.PW&irnJJ« 
*'li'.  FUjfair  uhI  JnU 
■  '994.PlUio(:  ■■94.Eopp:i 
Kanten;  i'po,I*Uy1Uii«dJa  _ 
*-8ot  EkTMtti  i-^M'aM. 


Similar  relations  have  been  observed  with  the  various  sulphidev 
bat  the  aceordauce  o^  \\\wsi'j  -wVio.  du^ew^iian.  is  stiU  leaa  jierfcrt 
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In  tlieie  eases,  owing  partly,  perliaps,  to  the  dimorpliinm  of  sulpliur, 
ind  to  the  impossibility  of  a'tcertaiuiug  which  wodificutiuu  of  tUis 
iKoicnt  may  be  present  in  the  compound. 

The  suiphates  arc  regarded  hy  Kopp  ns  consisting  of  M.SOj, 
iiej  aresnbdividcd  by  Uitn  into  twochiases:  Ju  tlie  first  class,  SO^ 
ts  assumed  to  possess  a  volumes  i8<i,  in  tbesecond,  arolumc=236, 
^Therc  is  no  simple  relation  between  these  two  ntiiubcn;  hut  if  we 
Vvicw  the  sulphates  as  formed  mioii  the  plau  MO.SO,.  and  deduct 
from  the  numlicrs  aasigned  hy  Kopp  for  SO,,  32  as  the  atomic 
I  volume  of  ail  ctjuivalent  of  oxygen  (adding  it  id  all  case^  to  the 
lumbers  which  represent  the  atomic  volume  of  the  metal  iu  the 
tit) ;  the  uumliers  which  represent  SO,  in  the  two  classe«  will  ho 
154  and  104.  Now  by  mibntitiiting  i  j^  for  154,  wc  may  repre- 
Iveiit  the  two  volnmea  of  SO^  by  numbers  which  are  in  tlie  ratio 
af  3  :  4,  and  if  this  slight  alteration  be  adapted,  the  atomic  volumes 
FobtaiDcd  by  cnlcuUtion  agree  ns  well  with  tho«c  fumUhcd  hy  ex- 
f|ierimoiit  as  those  which  have  been  calculated  by  K.opp. 

In  the  chromates,  the  tuugstates,  the  carbonates,  and  the 
nitrates,  but  a  single  class  has  been  iccognisod  for  each  acid : — 
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('531)  3.  ro/iKmc*  of  Compounds  in  Solution, — A  wriw 
intcrc«tiag  rcacarches  was  made  a  few  jean  ago  bv  PUjrfair 
Joule  upon  Ibe  bulk  occupied  by  tlic  cquivnlciit  quantitle*  of  i 
fercut  Bulid  compounds,  compared  with  that  which  thry  ocnt|7^ 
when  insolutioQ  (Phit.  Mag.,  1845,  vol.  xxvii.).  Some  of  thrw 
results  nre  included  in  the  Tabic  (pogcS?^),  in  wbirh  thcjr  tn  ill 
referred  to  the  (juantitr  of  water  in  grains  which  on  njoiTilcitt  to 
gruin»  of  each  itubtitaiice  (11=  1)  would  dUjiluce  when  iaiiuerBedjfl 
water. 

The  quantity  of  water  displaced  ts  easily  calculated  hy  dir 
lug  the  cquivalcut  number  of  the  »iibetance  by  it«  specific  gr»Tilj. 
It  w&g  in  thete  canes  dcterniined  experimentally  by  tabtu{;  aginn 
vetght,  say  an  cqtiivalcut  in  grains,  of  the  9>ub«uuce  mulct 
trial,  and  introducing  it  into  the  volumenometer,  described 
page  869. 

M'hen  known  quantities  of  diffcrcut  salts  were  brought  id'' 
^solution,  nud  the  incrcafec  of  bulk  in  the  liquid  thus  produced 
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^L  it  vas  found — i.  lliat  a  salt  when  iti  solution  alirajs. 
^■w  ■|>ace  tliau  it  did  wli«ti  in  the  aolid  state. — 2.  That 
Ol  quantiticB  of  difierenl  Bslts  when  in  nolution  oc'f'upy 
be  a*ine  volume,  or  volnnries  wliicli  are  simple  [nulti)ili»  or 
iplcs  of  each  other.*  If  9  (thv  oquiviJcot  toIudjo  of  trater) 
ned  aa  the  statidant  of  companoon,  an  eqiiivnlent  of  tlic 
^  salts,  whcudi^^ulved  in  iratcr,  increases  the  voluincofthc 
J  9f  or  by  Bomc  multiple  of  9.  For  instance,  87  grains  or 
llcnt  of  sulphate  of  prytash  (n  its  drj'  utatc,  fii«pI«co*  33 
^atcr.  but  it  incrfaw-s  the  bulk  of  tin:  liquid  by  only  j8 
Kurcs  when  in  solution  ;  to]  graias  of  nitrate  of  pota.ilt  in 
Rorai  displace  48  gmintt  of  water,  hut  when  in  sulution 
riace  36  ^Tatt)!!.  In  the  case  of  carbonate  of  putH<>h  the 
Hffn  ia  still  greater ;  for  69  grains  of  the  solid  saU  occupy  a 
«^  wst«r  gmin«,  and  of  9  only  when  in  solution.      It  ia^ 

KiecctMST)'  to  remark  that  the  vulunie  occupied  by  the 
iQ  solution  is   aomevhat  iuflneoced  by  the  degree  of 
of   the  liquid,   the   iiicreaMt  of  volume  being  aliglitly 
leo    the  solution  appraachcs    the  point  of  saturation, 
ffaa  found  in  the  case  of  caue  sugar,  tbat  irhea  au  cqul- 
pf  aagar  (i^r  grains]  vas  dissolrftl  in  different  amoimta  of 
in  Tolume  of  tbe  folution  waa  aa  followa  :— 


faoincreBse 


I 


l«S*r.          Wkbr. 

Atomic  voTuni*  In 

1                tr>d«r_ 

1                  I30 
t                     10 
1                        1 

3       :           t 

6o« 
5*° 

9900 
105  09 
io;'oi 
toti'o6 

it  when  a  salt  untally  crj-stalli«r«  with  a  large  proportion 
r  of  cryfitallizatiou,  such  salt,  when  reduced  to  the  anliy- 
ate,  may  be  di»9Dlved  in  water  without  increasing  its  biilk.t 


lO  roltnne  of  m  Mlt  in  lolutiott.  ha«er«r,  imiitm  eoiaOerMj 

.jatur«,  and  incrcBiP!!  rapidly  MB  tke  tMnpiTsturv  r\»**.  9<:>  tbst 

.  parttcaUir  lempcrniurc  for  rocb  mlt  that  thiA  law  holda  true, 

iauoo  rojamu  or  an  vijuivalcnt  of  each  of  the  foUowiag  aalts  ia 

ibo    .  .   .  ZtiO,sOj+7 Aq,   staj'^.yii   ^1^^=^$ 

magnrsia     .    A(i:O.SO,  +  ;  A<),    it  „  =608    «K5'r^63 
iron    .    .    -    FbO.  S0,+  ;  Aq.    tl  ,.  =  6ro    «i8o"=6j. 

.senralOTH  w»  or!i,nnally  mftilc  by  T>»Ilon.  but  he  mipposwl  Uiftl 
rlirn  a  HitU  no-  <l.'ri<^]i'<''d  in  onl4!r,  ike  Initlc  of  Itiv  liquii)  traa 
ept  bj  tbi;  b-M  of  Mjii<-r  nbidi  the  mII  mijbl  oontain. 
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Tor  exumple,  anhydrous  earbon&tc  of  soda,  nnd  the  Bohydroa 
feulphtttcs  of  aodn  and  of  ma^nrriiit,  may  l)o  hi-ouglit  into  wltttoo 
vitliout  adding  to  tlic  bulk  of  Oie  li<]titd.  If  tbi*  mUu  bo  dwKiltbl 
in  their  hjrdrated  form,  thinr  increase  the  hulk  of  the  liquid  sold; 
hy  the  number  of  grains  of  water  of  cnrttallixatioD  whidi  llirj 
contain:  thus  143  gr«ia«,  or  one  cqniralent  in  grains  of  crTrtal> 
hxed  carbonute  of  soda,  or  161  grains  of  the  crystallized  aulpbate 
of  fioda,  each  of  which  contains  qo  grains,  or  10  cquivalcntt  of 
wat«r  of  CTy»tallisation,  causes  au  increase  of  90  grain  meaaura  in 
the  bulk  of  the  water  in  which  it  is  dtsaolved;  133  grain*,  or  aa 
equivalent  of  sul|i1iatc  of  magnesia,  containing  ;  equivalents 
grains  of  water,  occasions  an  increase  of  65  grain  measures  of 
w-heu  brought  into  aoliition. 

Vbtumft  in  graim  of  leaier  of  an  eqaivoleni  in  grains  of  aererat 
anhydrona  tails,  both  u>A«n  dry  tmd  wiUfn  tn  loltUion  (H=  ij. 
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(1332]  ^.  Atomic  Volnmet  of  Uqwida  of  Ana/offous  Coi^f 
—  In  the  year  184.3  an  important  paper  was  published  by  K< 
(Licbig's  Atmat.  xli.  71^,  169),  in  vbich  be  showed  that  irl 
liquids  belonging  to  one  homologous  series  are  compared  with  _ 
respoiiditig  tcrmB  of  other  collateral  homologous  acnes  (nVr  TtUf, 
p.  34),  like  dilTci'cnces  arc  oliserved  in  their  atomic  voltii 
Svhcn,  for  imtance,  the  atomic  volume  of  a  hydratcd  acid  (K( 
(A.  representing  an  cqiiirKlvut  of  an;*  taouobaeic  anh;/droas 
is  compared  with  its  corresponding  vinic  ether  (C,H,0,A),  tfcr 
atomic  Tolume  of  the  hydratcd  acid,  at  onlinnry  temperatures,  b 
about  5^4  less  tbsn  that  of  the  corresponding  o(>ni|K>ntMl  cthf. 
The  atomic  volume  of  the  hydrntcd  iicid  (HO.A)  U  sIkhjI  ^co  k*» 
than  thatof  its  corrcspoudiug  mcthj'ltccompouad  IC,H,0,A)^  and 


Al^tti 
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a  necessary  conanjiicncc,  the  atomic  volume  of  an  ethylic  com<- 
id  u  kIwuI  2J4  (greater  tliau  tliat  uf  the  correspoudiug  nictlijrlic 
eompouud.  A  more  ciircful  examination  of  the  subject  has  sbowa 
that  tbc  Miincwhat  considerable  divL-rgvuccn  olMcrrcd  betveen  the 
atomic  voluiaes  calculated  according  to  these  laws,  and  those 
licluclly  found  by  obscrvatiou,  are  mAtemllj'  reduced  if  the  liquids 
be  compared,  oot  at  equal  temjtcrutuniii,  but  at  coiTorpondiiiff  tem- 
peratures. Conespoudiag  temperatures  are  those  at  which  the 
cohesion  of  the  liquids  compared  is  equal  j  or  temperatures  at  which 
the  liquids  emit  vapours  of  et^ual  teiwioii.  The  tension  of  the 
vapours  of  different  liquids  through  the  required  range  of  ttte 
thcnnomctric  scale  it,  however,  only  knoirn  in  a  few  iustancesj 
but  it  may  be  assumed  without  any  very  serious  error,  that  cor- 
responding temperatures  ill  liquids  are  those  eituated  at  equal  dis- 
taocea  below  tbc  boiling  points  of  the  liquids  uader  cnrnpart.ton. 
Thus,  if  the  boiling  point  of  alcohol  be  173",  and  if  that  of  ether 
be  94",  the  temperature  of  60*  F.  would  uot  be  a  corresponding 
temperature  for  tbcac  liquids ;  but  if  the  alcohol  be  at  So",  wbicb 
U  113°  below  its  boiling  point,  ttie  corresponding  temperature  for 
ether  would  be  1 13°  bebw  its  boiling  point,  or  —  iy°. 

The  atomic  volume  d  of  a  corapouud  increates  as  the  tempera' 
ture  riaea.  This,  indeed,  must  be  cvidcot  from  tbc  consideratioa 
that  the  specific  gravity  d  diminishes  as  the  temperature  riwM, 
vbiUt  the  ctjuivaleut  number  or  molecular  weight  q  remaius  cou> 

fttaiit ;  and  since  —  =  v,  the  atomic  volume  must  ncecssarily  vary 

invenicly  as  the  density  of  tbc  body,  aad  comequcntly  must  in- 
creiuie  ax  the  temperature  rises.  In  making  compariaonK  of  atomic 
volumes  of  compounds  it  is  found  ml  vantageous  in  practice  always 
to  calculate  them  for  the  boiling  point  of  tbc  respective  liquids 
buder  a  premure  etpial  to  that  of  30  inches  of  mercury. 
B  At  the  time  when  Kopp  Brat  called  attention  to  the  atomic 
volume  of  liquids,  few  really  exuel  data  ciisted,  by  mcuna  of  which 
bis  conclusions  coiiUl  be  rigidly  tested.  Since  that  period  both 
Pierre  (Ann,  dt  CAim'ie,  111.  xv.  325;  xis.  193,  and  xx.  5,)  aiid 
Kopp  himself  (Paggcndorj}" $  AiuiaL  Ixxii.  I  atid  223,  Liehig't 
Atmal,  xciv.  257,  xcv.  307),  have  published  a  series  of  important 
and  elaborate  researches  upon  the  Rpecific  gravity,  the  expansion, 
aod  the  boiling  points  of  a  considerable  nunil>er  of  liquids,  by 
means  of  which  tbc  utomic  volume  of  these  liquids  at  tlie  boiling 
point  may  be  calculated.  The  following  Table  eoutaina  the 
results  of  Kopp's  inquiries  arranged  for  the  couvenieuoe  of  com- 
pariaou."— 
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I  ('3M)  DiseiumoM  0/  Kopp't  Conclu»iom. — TIic  atomic  rplanies 

ia  the  forcgoiu*  ublc  &ro  tkosc  caloulatfiil  by  Kopp  for  the 

uoint  of  tlicir  respective  liquirt*  given  in  the  fifth  column 

Ttabte.      Ttie^e  boiling  iwinU  nru  tiol  in  all  caws  tbc  actual 

obtflinod  by  expcritneut,  but  &rc  in  »amc  instances  laodi- 

Bcconling  to  con»iiteratiniis  explained  in  (1^24.],  unoi!  the 

ag  point  of  rauiiy  i>ubst(uicc»  is  only  opproiimattvcly  kiiawa, 

eatifaalcs   of  difTcrent  observers    aomct'ime*    rttryiag    Mverml 

Tile  atomic  Tolumes  contaiuecl  in  this  table,  ttioreforo, 

from  the  earlier  «ilciilation«  alrcadjr  referred  to,  wbicli  were 

Sftdc  at  onliuar^  tempcraturea.      Now  if  wc  compart;  the  liy- 

aciils  coiitaiued  iu  Division  II.  of  tlio  table  with  tlie  ethira 

>trinou  III.,  it  appears  that  the  atoniie  toIuioo  of  tbc  hjdrated 

ia  about  J40  les»  ihau  that  of  the  corresponding  ether;  fur 

ijce: — 

Al.  rol.  AL  lOl. 

nvMltcT  s  iSiijo      Aoeli«vlher  =;  imT3 
Aeeli«  aeid    =     j^Js 


=  '3475 


Formir.  ctlier  =  loji'j 
Fonnieaad  s=  sjr^ 


5'9'Q   I  SS«*o  5*8-7 

diQVt-eiicv  bctvfoeii  the  lutomie  volume  of  the  hjdratfd  neid 
Ithal  ofiu  co^re^pull(iiIlg  methjriic  con)|»ouiid  is  about  2(^0 : — 


I  acid    =  13175 


Arit.  inrthjl  =  lojJ'S 
Acetic  neid     =    79/5 


Form,  metbjl  =  79i'5 


Formioaoid 


S"'S 


33J"7  »750  '700 

aa  ttiAy  1m  teen  hy  inspeetioD  of  the  tnblc,  the  mean  diSbreuco 

the  atomic  volume  of  the  corresponding  compounds  in  the 

|rl  and  the  metlij^l  scriw  ia  about  iHj  : — 

r. edirl    ^  ai7o'o      BnCjr.  «tliyl  =  iSfijc     Aoel. etbvl     =  ■347*9 
.mcinjl  s  19700     JUutrr.moihjl=  isVri     Aoekuctajl  =  lojt'i 

300"0  aSS""  *7S"o 

|No*r,  »Dce  tlic  corresponding  compoimda  of  (he  cthf  lie  and  the 

hjriic  •erica  dlfier  by  (C^Hg),  thi«  aieait  difference  iu  tlie  atomic 

hmc   of  Bach  corrospomliiig  componndB  ha«  been   assumed  by 

bi  repr«»eiit  the  volume  occupied  by  ciw^b  equivalent  of  (C,H  J 

tn  combiaatioD.     This  dlOcmicc,  it  will    be  Kcen  from  the 

table,  ranges  ia  a  large  number  of  compoanda  Ifotweeit 

300.      fCopp  tixe4  175  as  its  average  value  at  the  boiling 

of  e«cfa  eornpoaiid. 

[IlKHneric  liipiida  of  ntmlugoiut  conipoaition,  such,  for  instanoo, 

be    diflerout    uetameric   compound    othcr»,    possess    atomic 

which  arc  seiuibly  eqaal  to  c»oh  other,  and  they  eonae> 

itly   al  Ihttr  bailing  jujinia  have  the  same  opectfic  gravities; 

!i,  for  iutitauce,  as : — 

d  3  1. 


8B2  ATOMIC  TOLCMKB  Or  OKOANIO  LIQIMD)!. 

BiiiTfie  Mia    II  o.c,n.o,= 1547-5  I  Vakf.  Brttiiji  CjTr,o,c„Tr,o,=ii>:fl 

Aci'ucctbctC,UtO,C,"*0.=  »34-5  |  Butjr. ethyl  C.H.O.C,  H^,=  it*; 
l7umerou8  other  caxa  may  also  be  seen  by  comparing  the  Toluotct 
of  the  cthtrs  which  ure  bracketed  together  in  the  table,  p.  8Sc. 
But  if  the  iijomoric  compouuds  belong  to  difTereat  and  dissimilir 
series  having  a  diHaimJIur  typical  coustitution,  the  &amc  com*- 
poiulence  »  not  observed;  for  example: — 

Aootona  .    .    .    (C,ir,0,),=  i(»<«jo      jUad.jd     .     .    .     (C,H«0,),=  r«; 
of Sjl  1  C.H^.C„H.O.=  i»-o-e  I  jjyjy^  ^^j3      HO,C,HjO.  =1^473 


a 


90-0 1  :« 

By  compariog  togetlier  hquiils  vLich  coutaiu  the  same  numbcf 
of  eleineutary  atoms,  but  ia  wliich  a  certain  oumber  of  atonu  U 
oxygni  hnve  been  oiibHtitutc-d  for  a  vimilar  number  of  cquinletiti 
of  hydroi^cti,  it  is  found  (hut  the  atomic  volume  of  oxygen  is  some- 
what greater  thaii  that  of  bydrogeu  ;  as  for  example  : — 


Acetic  onliydrida 
Butjriuaciii  .    . 


C,II,(>.=i37fi« 
C.H,0.=  .347  5 

SB'S 


Awtic  add ....     CtB/>,=;ayi 
Aloobol C^U^^}t=■:»^1^ 


From  a  similar  compariMin  of  compounds  in  which  a  certiin 
number  of  atoms  of  carbon  have  t&keti  the  place  of  an  fnaii 
nvmbi^r  of  c«]uivalcnts  of  hydrogen,  it  has  been  concluded  tliat  ilie 
Tolumes  of  carbon  and  nf  hydrogen  ure  equal.  This  is  esemplifioi. 
according  to  Kopp,  iit  thv  eomttponding  compounds  of  tlic  ralenc 
(Ci^U,„OJ,  and  the  benzoic  (C^HgOJ  acids;  but  the  cnanplei 
which  lie  hait  selected  to  prove  this  point  indicate  that  tbcre  a  i 
slight  diflvrcuce  iu  tbe  volumes  of  the  two  dements;  thus  :— 


Bcniontoof)     _    .0.- 
metUjl     f    -    "*"» 
Vali-rnlo  of 


methyl 


=    1870 


B«O(0iactlwr  =  atSg 
Valenoctber    =  1170 


J 


BanzotUo  oramjl  ^ 
Taleral«  of  uajl  =  ja&) 
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lliis  difTerencc,  however,  is  so  slight,  that  in  computing  atonic 
volumes  from  the  coaipoeitiou  of  a  body,  each  atom  of  cnrhoo 
and  hydroKcii  may  be  considered  to  occupy  equal  volumes.  Koff 
concludes  that  tbc  atom  of  each  clement,  in  entering  into  combi- 
nation,  doea  ao  with  it»  own  kpeciBc  volume;  and  lie  (urthcc 
assumes  that  the  same  clement  may  have  diffirrmi  specific  Toluinos 
according  to  the  ponition  which  it  occupies  io  the  compound. 
Oxygen,  for  example,  has  a  ralue  when  it  forms  a  part  of  Uie 
radicle,  difTeri-ut  from  that  which  it  puBseises  when  extorniil  to  tlic 
radicle: — Tbus,  if  0=ioo  and  U  =  l2'j  at  tbe  bculing  point 
the  difTercut  compounds. 


10f>P*8    LAW   or  Tnc   BOtLIKO    POINTfl. 

The  Tolameof  an  atom  of  drlton    .......  ss   68*75 

..              «         ofhydrftgen =   68;,'; 

„                „         of  oxygon  within  tlic  mdido.  =    7675 
»                >.               n          citcnid  to  t]M<  ndide  =    -t^'i.i 

Sulphur  withis  tbe  radicle ^17^*75 

„        eit«niftl  to  the  rsdiole =  UJ*;5 

Chlorine                „ =  aN.-/oo 

Bromiii*                  „                     =  347-50 

Iodine                     „                      =  4lSti'75 

Koppj  by  tlic  employment  of  these  nnrobera  for  each  atom  of 

^the  above-mentioned  elements  jiresent  in  tlie  molecule  of  any  com- 

>uii(l,  has  arrived  by  calculation,  iii  a  large  number  of  cases,  at 

close  approsituatioQ  to  the  observed  atomio  volume.      For  ex- 

lample  : — Calcidating  the  atomic  volumes  of  alcohol     *.|^(0a  wid 
of  acetic  arad     •„*    *[^*  f™™  ^^^  numbers  given  above,  the 


re< 


!  sulta  would  be  as  follows  :- 


Tow  M«Ul>  uU. 


H,=  6875x6  =  4ir5 
O,  =  4B-;5Xi=  97-5 

Calcal&tod        7^$'<> 

Obecn-ed         ;8i 


a=«8-75X4  =  »75 
H,=  CS-75X4=  )7S 
0,=  76-75X3=  153-s 
0,  =  48-75X3=    MS 


Calculat«d    ttoi'o 
Obeerred      797*5 

It  sometimes  happens  tliat    e(]ual  volumes   of  two  cUtfercnt 

liquids  will  contaia  au  equal  mtmbcr  of  molecules  of  their  cuu- 

[atttuent  compounds  j  but  this,  which  is  the  rule  with  bodies  in  the 

[condition  of  gns  or  vaponr,  i»  the  exception  iii  the  case  of  liquids. 

For  the  further  prosecutiou  of  tUia  subject  the  reader  in  re. 

fcrred  to  Kopp'a  interesting  papers  in  Licbig's  Armalen,  Bd.  xcv., 

^xcvi.,  xcvii.,  and  xcviii, 

(1,^14)  Kopp's  Law  of  the  Boiliny  Pu'mta, — At  tbe  aamc  time 

I  that  Kopp  puiuted  out  the  regular  iucreasc  in  atomic  volume  which 

the  Bucccssivc  terms  of  the   enmc  homologoiii*  aeries  exhibit,  he 

called  attention  to  a  not  less  remarkable  ri'gulanty  iu  theijicreaae 

of  the  temperature  required  to  produce  ebullition  as  the  number 

lof  etjiiivalcnts  of  (CjHj)  incrcaws  ici  the  compound.      By  inspcct- 

fing  the  table  nt  p.  i%o,  Div.  III.,  it  will  be  seen,  ou  comparing  the 

bmling  points  of  the  com^iouuda  of  ethyl  and  of  methyl,  that  for 

every   addition   of  C^Hj   in   the  empirieai  formula^  a  rise  in  the 

boiling  point  of  about  36*  F.  takes  plane. 

It  may  lie  stated  as  a  general  rcoult  of  obser\'atioii,  that  tbe 
'boiling  point  of  a  hydratod  acid  is  1  13°*4  higher  than  that  of  it« 
,  nethyUc  ether,  ;9°'2  higher  than   that  of  its  ethyltc  ether,  and 

3  l2 
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Kort>*8  law  or  THK  soiu^ta  toikt*. 


23*'4  io^t^'  tliih  that  of  iu  aiaylie  ellier :  tlie  hoilin^  point  of  as 
slcohol  of  the  form  C^U^.Pj  is  abont  71*  lower  thui  that  nfiti 
correapouding  «ci3  Cj,U^Oy  b  compoanil  ctbcr  of  the  rura 
(Cj,II^»,0,C^H^,0j  hoiU  at  about  l47«-6  below  the  aiU 
(Cj.H^OJ  which  in  irotntTic  with  it. 

The  riic  of  temperature  for  each  additioaal  eqaiTslent  of  C,H, 
ililfcn,  howerer,  in  diScnmt  claanes  of  homologous  comfoniida,  at , 
mav  he  »e«n  by  an  examiDation  of  the  foUuwiug  tabic,  frooi 
it  appears  thai  in  the  a/c«Ao/«   ttio  me&a  clcrcition   of  the 
jKiiiit  for  Cjllj  ia  3l**'4-      In  t\u:  uJdr/tiftU  it  i*  47*",  though  i 
class  the  divergences  from  the  mean  are  to  con^iiidcrablc  that  it  ■ 
pruhabie  tbat  several  of  the  assigned  bmliog  points  are  inKCimce. 
In  the  radicifi  <^  Ihe  alcohoU   tbc   mcnri  nse  Is  43**,  and  iB  tbe 
homoio/fuea  of  //emol  it  is  41°.     In  the  eeida  of  the  aoetic  aefietit 
is  38°'9,  aud  in  tbe  anihue  ba$a  il  is  30*^5. 


inda,  at , 
1  ia  «m 


Ktbna. 


UetkjUc  Mher  .     . 
Uetbyl  e<hylic«tli«r 

Ktli^hc  etlior      .     . 

>t#tlivl  unyltc  ether 
Etlijlu-lrjlicptitAr 
Ktlijl  iinyiio  ether 
Tetijlte  elhcr    .     . 
Amjlie  «tli«r     .    . 


c.  ir^o. 


(Mm(im1  noObc  haM. 


-5^8.  Berthdot. 
+$i'''8.  WiDianiDa. 

9.f.Delfli;  M-'-y.  Pirn*,  .;**i.Gay-I 
161^6,  nniiaBUOQ. 
171%— i;fr.  WtiiU. 
333"6.  ^\ iltianmoo. 
aij'^ — 3i9-'j?  Wartc. 


Meaa  dtSerenec  for  C,H,=s  44^  F. 


Wood  tfniit  .  . 

Hdiylis  ikobol  . 

Tritjiip  Jo.    .  . 

Tolrjlin  Jo.  .  , 

Arajlic  do.    .  . 

H*rylic  do.    .  . 

Hrptvlio  do. .  . 

Octjljc  do.    .  , 


Aectic  .    . 
Propionic . 
Butyric 
Valeric.    . 


C.H.O. 


'48'-«49!-i;Kopp;    140',  Kiwii    no'-9-; 

141*8.  DelBi. 


!.H,0,    171^4-1  M' 8.    Kopp,     iTi'-a.    A 
;H,0,    WS.CIuuiccl. 


0,  H„0,    laS^i.TVurU. 


0„H„0, 

C„H„0. 


a66*-7— ijr=4,K«pp;  a6si''-4.Picfi»j , 

UcISk  Cahoun. 
199=— SOg".  Fdgcl. 
-■6—35,0-5.  SiwdfW. 
Bouw  i  asj^-i,  SIo«chiuii. 


CBaantitylio 
Caprylic    . 


Ueon  difr««nee  for  C,n,  =  3r4  F. 

C.  H.  0, 1 71*4, 1«hig :  vy,  PSm* .  «7*g.  bfli 
C,  H,0,  1 131^—149-  Giuik«U>erg«r.  ^ 

C,  11,  0,  I  isa'—H'I"-  OwoWbOTBer. 

I      JO^^C  Limprji-hi, 

Ciin,,0,     r 

C,I1„,0,  '  446".  CeAardt 
M«an  diffiereoce  r<w  CjH,  =  ^f  P. 


opiLiNa  poiMS  o?  noMciLoootra  uqmiia. 
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th. 


vEc 


air.o, 

C,  H.O. 

c„a„o. 
Cair„o, 

C,.H„0, 


i»wn«lD>i>i«7uiiih 


J09'^i.  Lwbig  (  an'',  Wiurijij  »i°';,Eapp. 

}8li'^9.  Kopp  :  ■bout}S4-,  DinnMsndulb(!n. 
3iy^8,  Kopp.  DflflW;  334^4;  I'l-^fTc : 3a;"-i. 

Kopp. 
38s' J.  Bnjtior  and  Gowirth;  agi^-fi— 408°. 

Fflilinu. 
434"^  4,  SioMlelor. 


Mean  diSbreoMP  (or  C,lf,  =  J6^ 


lie, 


•I  X"S"*^« 


a8o*^4.  Gwliardt,  Roup  i  a',9^6.  Wwrto. 
^3<i^'9,  Limprti^ht  And  Utl«r, 
About  .^74''.  Otrhardl. 
AboDt  4I9^  GerlianlL 
About  ^4^;  Cbiozu. 


Uean  difloriiko«  for  C,H,  =  aa'^j. 


CLH,0.a,U  O,   sio°-8,Koppf  oi<^3,.Aod»-w». 
C,B,O.CiH,0,    131*.      Andn-w-i^     i^J^-^-iaa**. 


C,IT,O.C,  HjO, 


C,H,O.C„H,  O, 

UTmq  dinbruioe  for  C|H,  =:  37**-3. 


Kopp;  iiQ^'i.riorTa 
?  .... 

i5)9-%  I>ia6i  103'— »^-a.  Koppi 
ais'S.  Piyrro. 

337^' a— 340°©,  Kopp.. 


rVthrn. 


C.K.O.C,  K  0,1  tif-i,  PiwTBi  ia7*4.  IWffai  «>8", 
LieliWi  ijo's— lai^s,  Koy). 

C.UjO.C.H.O,]  i6V^7.Koppi  i53''i.Diiiiii»,Pv>a. 
Pi«rw. 


C,H,0.C,a,0,iO4'"5— 3084,  Kopp  i  aia^-S,  lim- 

prichl  utd  Uiilar. 
0,n»O.C,  n,0,   a^o'.  Lnchi  >J3^4.  neWai  nf -j. 

Kopp;  346  "2,  Pi«rr«. 
C4H,0.C„n, 0,    36*;.      DfllBi [      »;i^'8.      Kopp ( 

thclot. 
C,H,0,C„H„0.    J49=>  Urchi  ajj''-^  FeUing. 
C,H.O,C„H^O,   4.'o-«— 4a4°"4.    Cabouraj     43S'*'. 

Delflli. 

Mean  differeiuw  for  C,n,  =  38^ 

I  C^IIjO.C.HA  I  ,  V  ,«  I  -*!»"*  '9^'  B«tbrfot 
>f  in'tyl    .  I  L\H,O.C.U,0,  ,  "*  3*  1  Ai^t  jfrtP.do. 

iofirlrrl    .  1  C,n,O.C  II  O,    „.,       I  Aboutaia'.  Wutta, 
■  t<(r>l     .  1  C,ll,U.C,U,0,  ,  'S  a      \  J3J-  a.  da 
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fiOtXIXO     POINTS    OP    QOMOIOOODS  LIQUIDS. 


CJi^ipmnd  Xtlian» 


Fonniat«  of  am^l 
AccUta  .  ,  . 
Propioaat«  .  . 
VaU!rat«  .  .  . 
C*pro«to   I     ,     , 


A««t&te  of  octyl 
lAiuate  of  etkyl 

Kthvl  Mtryl  .  . 

TrilVl    .    .     .  . 

Metltvl  tin;!  . 

£tli<rf«iB;l    .  . 

'IVlryl  .    .    .  . 

Tetirlunrl  ,  . 

Amyl    .    .    .  . 

Tctrvlliezvl  .  . 

Hcxyl  .    .    .  . 


Mmte, 


c„n„o.c.  H  Of 

C,„U„OAH.O. 
C„II„O.Cj,H.<), 
C,jU„0,C„H„0, 


Otmmi  VaiatTam. 


Mean  diflbreoiw  for  C,II,  ~  H°'9. 


asf  »,  Vtdk  i  about  740^8,  Eofv. 
Abo^t3■l^  WnehUo&. 


C..g„O.C,H,0, 


507°  Geo^cy  f  g'**.  ^elffi- 


I43°<>.  WtirtJt. 

i;9=-6.  Wurtt. 
I90'"4,  do. 

afi^'-G.  Wuru. 

311",  Frwiklaad  ,  sifP-4.  WapU, 

31 1°  Wort«. 

3<;5°-6,  Brui«r  and  Ooatloth.  'WUUaau. 


Meea  diflcmiw  for  C,nj  =:  43°. 


Beaxol .    .    . 


Toluol 


Xylol   . 
Oimol . 


Cymol 


C„H. 


?"5» 


Ci.Hu 


i7ff'-7,  Eoppi    iTfi'^Sf,  MiMuficld  1    17;^ 

Church. 
3i8°7.  Clitirch;  3»^8,  Glcotrd  tnd  Bto- 

Aiulti  »i6*-4.  rVtilK  PelWi«  and  Wal- 

ter;  139^-1,  Xotui  ;  3J5°'4.  MuialieU. 
95o"l,  Cliurohi  ii^i"-!,  Cabotm, 
j«;fr''4,  Abel;  39? "i.  Church;  304*5,  Go- 

hsril. 

o'''3.  Church t^39'^8.  ManaMdt  5(0^* 


3J! 


.opp. 
Mem  difrcreaceforC,H,  =  41". 


i 


In  the  botnologous  ethers,  which  contain  chlorine,  liruiutM; 
iodine,  and  sulphur,  Uie  iliflerenra  ia  tiie  boiliug  point  iirodiuoJ 
by  each  successive  addition  of  C,Hj  is  comiderabl;  higher  ibaoia 
the  compound  ethera.     For  example  : — 


CvDpoimda. 


Chloride  ormcthrl . 
Cbloridoofeth;!    . 
ChJoride  of  tetryl   . 
Chloride  of  amyl 
Ckloridoofoctyl    . 

Bronide  of  metbyl 
Bromide  of  cthjl    . 
Bromfdoofutryl  . 
Bromide  of  atnyl    . 
Bromide  of  octyl    . 


ratmalm. 


C,H,C1 
C,U«C1 
C.H.CI 
C„H.,CI 
*-i»H„Cl. 


OiflknaDfc 


55°^ 
3X6a<^5 

43 


OtMrrfdMHnirotal. 


—  4",  Bertbdol. 
+  .'5i"S,  I'iorro. 

315^6,  PiMTc,  Coboon. 
Mean  diSerenoe  for  C,H,  =  gc^. 


C,  H,  Rr 
C.U.Mr 
C.H.Br 


5V 
3X43'*a 

S4 
43 


SS'^.  Pierw. 
los'^S,  do. 
i^a-^t.  Wortr. 
j46'*-j.  Picrro. 
374°,  Bmub. 


Mean  difference  for  C,H,  =45*^5, 
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^ 

mo>^ 

Pmaiil*. 

nANDn. 

otnttwd  KDlbm  Pidat. 

^^^H 

ofnetliTl    . 
of  ethyl  .    . 

I>rt«tn|  .     . 
atataji  ,    . 

Dfoctjl  .    . 

Is  of  netiiyl 
bofdliyl    - 

mcTctptaD. 
wropua    . 
MnspUn    . 
MmfUa    . 

C,H»I 
C.H.I 

C.H.I 
C„H„I 

c..H„r 

Mean  differo 

c.n.s, 

C»B„S, 
Mmh  diflorc 

G.H.S.HS 
C.H.S.HS 
C.H.8.HS 

Mnn  diflere 

ace  for  C, 

a  X  4.'i 
6X37 

Dco  for  C 
a7? 

57-^ 
DM  for  C 

107^6. Andrews;  iti°-i. Pierre. 
Ijlf'^o-Piwrei  l.^Q'^'S.Andrevs: 

16 1  ■^,  FraolJaad. 
349"^  8,  Wurtji. 
aji'-S,    FrankUnd  \     JjS""^, 

£i>pp  [  ^00',  Grimm. 
410''^.  uonu. 

H,=43^ 

lo.^'^S,  ItoKaauIt, 
195  ■'■8,  Pierre. 
4>o'^,  Sdwd. 

n,=40» 

lS9*8?  Oragoty. 

96'' 8,  Lisbtg. 

11^''^ J,  Hnnuum. 

243'^,  HruUcb  (  J48",Kopp. 

H,  =  SO'. 

^^1 

ST 

TMBute.                               ObMTMd  BoUiDg  rolut. 

1 

1 

1    •  1   •   I 

-Bs.    .    .    . 
Bi.    .    .    . 

V    •      •       1      ■ 

IS  ...    . 

P 

c"h"n 

UesB  diir«»ii 

C„H.N 
C„H,N 

C„H.,N 
Mean  diffurei 

359^<S,  lloriauin. 

3W«''-4,  Maapratt  and  HornUiUL 

4>S"4— 417  3.  Churcb- 

417°,  Nioholion. 

4Si°.  Bftrlo>r. 

c«forC,H,=  3o'-{i, 

340",  Anilvrfoo. 
»7i"4,  do. 
.Iio"*,     do. 
X6*.     do. 

loe  for  C,H,  =  38=^7. 

e  following  Mriea  exKJbiU  a  furious  departure  from  Uie 
iq^aritjr  cxiiiliited  by  lioniologous  compouDds:— 

J 

liu>a». 

Tflnnulik. 

ObH**Al  BoiKoc  F««e*. 

1 

t  ofaeibjl  . 

1  oFlctryl 
leFuijt 

C,H,,C,N 

C,  H,.C.N 
C,  H,.C,N 
C   H   .c'n 

Kopp.  i6j^6i  Ournaii  ijo^'ti;  Hormima 

and  BuckloQ,  ijo'^ii — XIJ"'^ 
Kolhe,  Mew,  190% ;  Gnaun,  io8°'4. 
Duma«  Slid  olb«n.  14.^^ 
SehJicpvr,  js;';  GtiekflberjjM-,  35;* — a«»* 
FnakUiul«adK«lbc,a94''8;ViurU.3ii'' 

JtwideTfthle  irrr^lnritics  are  nlvi  obscn'cd  in  tlie  boiliug 
of  joMD-j  vf  ilic  derJTativeti  of  tlie  diatomio  aiooliob ;  for 

J 
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ex&niple,  id  the  nlixliols  tlientselrc«,  ta  llw  pruportioo  of  muhij 
of  C,H,  increa»es  the  boiling  point  faUs. 


O^aal  DwtMAm. 


Tmyl  gljeol . 
Trtrrl  oytvl 

AiDf\  [tl5eol  . 


hfMk. 


OI.Mr*t<l  Bc4l>n(  Pate. 


3;o*~3:i'^  do. 
361  -4— 3&3'^ag. 

aso-^e  do. 


tf  Ma  diAraocv  for  C^H,  =  1  i<*-a. 

Bklilc»id«or«ibTfem  1  0,TI«CI,  I  185^— ifK^. Duma j  tSs^.Pkank 

fitcUoride  of  letnlsae,  C,  11, Ci,  |  i^i'(t.  kv|ip;  3^3 ''4>  ii^oUtc. 
BtoUonik  oruijleBe  I  CuII„Ci,  1  JAH'-^, Lirapncbu 

nibromidvoreUijrlrMl  C,H,Rr, 
I)ibr«inido of proprlentj  C,  H.llr; 
Bibromide  Of  ■myWae  I  Ci^H^Br, 


Mnn  diffif[«DM  for  C^Hi^  ^t**. 


The  ethen  of  acids  homologoas  with  oxalic  acid,  Cj.II,_0, 
arc  isomeric  with  certain  ethers  of  the  diatomic  alcoboU,  irlutli 
affnnU  an  opportunity  of  contrastiug  these  bodies  ;  Init  it  tntiM  be 
udniillcd  thai  the  accuracy  of  the  numben  given  for  son* 
{^Ijcolto  etlien  ia  qacationable. 


UJU94     W 


Oam.f¥m»t  BUrHni 


C.B.O. 


Oxalatfl  of  Bi^tltjl 
Oaabt«  of  rthj\  ...  -J 


0(>«n*d  BollBc^riiA. 


Biiueetale  of  xtycol .  . 
fiiBi«0Uts  of  tnlylt;)yoo 
StuvIiuUofelKvl      .     ■ 


Subemto  of  nthVl 
Uxnlate  i>t  Atay*  , 
8«bat«ofm«tDTl 
Birnlmto  of  gljcd 


Sai'^-O.SiUBuaMl  P«l>(o4 1  xaf-j.  DcUi- 

,  ( i66^»— 368°tp.  Wnrta. 

4l7-'j.D'Ar«t.FeMw»ai4J3^Kortr^ 

«boul  391'''.  Waits. 
40^"— 419".  fliin)>«<in. 
aboT*  301'^,  Wiine. 
about  44<i'.  T/iaren^ 
46J' — 466'.  \Vorta. 
LaiuviiL 


Sabataofelhrl 


ij(»o°,  CnhoBw  j  Soa^-lS, 
545^  Cartrt. 
about  aqV,  Loumoo. 
SSfi^Carfet. 


A  ooniparlitun  of  mctamcric  bodies  of  analogoua  compaatkM 
anoirs  th»t  tko  boiling  points  of  such  compouuds  coincide  tvj 
iiciirly,  whereaa  if  ihcy  bcloDg  to  series  which  diBcr  in  their  oOOb 
position,  the  boiUng  point*  may  rary  widely.  The  differences 
twTiii  the  hydrated  acids  aud  tbo  oonipoiiud  ctliera  mctanitrir  « 
iccij  given  ill  t\M  \a\i\e^.Vii,  ^ots*  •AMt\»i\Rx  \iiiut  rcry 
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I  Man;  of  the  difTerences  observed  between  the  boiling  points 
■olitniiied  by  experimcut,  aud  the  theorcticol  uumljcnt,  (ca-leulated 
fcccording  to  Kopp's  Ian-  of  a  coiiHtant  diffcrouce,)  laay  possibly 
Hi»ap]>car  when  tbe  boiling  poiuU  shall  liuve  beea  more  accitratdy 
Idetermiued  :  but  Kopp  obscrrce,  that  it  muat  not  be  oaaumcd  that 
Fthc  boiliiif;  jKiintit  of  liijuidtt,  Khen  eompitrerl  at  uitj/  f^iven  pressure, 
I  will  a!  ways  ciliibit  the  same  diSercnccB  as  tbey  do  wbcn  compared 
lat  tbe  average  preraure  of  3,0  incbcn  of  mercury.  It  does  oot 
pbllow,  for  instance,  tliougli  tlic  Iioiling  point  of  ether  i«  79°  j  beloir 
Itliat  of  alcohol,  under  a  pressure  of  30  incbes,  that  under  a  pressure 
fcf  1  j  incites,  the  difference  bctirecn  these  boiling  pointe  should  »til) 
Fbe  7^°'5 :  «ncc  it  is  well  known  thnt  what  is  ciiIK-d  Dalton's  law 
■(177),  vis.,  that  '  all  liquidn  at  c[]ua]  distances  from  their  boiling 
hioiut,  emit  rapoiirs  of  equal  (eusioa/  is  not  correct. 
F  The  accurate  dctvrmitiiitioti  of  tbe  boiling  point  uf  a  li<[uid  is 
iTjy  Wo  means  esAy,  as  niiglit  he  inferred  from  an  inspection  of  the 
uorcgoing  tables,  nliere  many  experinicntalbta  of  great  skill  and 
tfixperieuoe  give  for  the  same  wcU-knowD  8ub«tanees,  numbers 
Ewhich  diScr  by  st^vend  tU-gn-c*  from  each  other.  Indeed,  it  has 
Cbeen  found,  independently  uf  the  irrej^ular  manner  iu  wliich  many 
niquids  boil  in  glaas  vcmhU  (167],  that  in  several  ca»cs  impurities 
■so  ((light  a*  not  matvriully  to  aflcct  the  result  of  oltimutc  anitlyitiit 
lof  tbe  sulKitauee,  may  yet  produce  a  cuusiderable  clTuet  upon  its 
Hioiling  point. 

1  Nuiiieruus  attempts  have  been  made  to  dclvrminc  tbe  efTecfc 
■which  the  addition  or  the  removal  of  a  certain  number  of  equiva* 
Bents  of  each  of  the  eleuicots,  carbon,  hydrogen,  and  oxygOQ, 
■exerlA  itjxju  the  boiling  point  of  the  resulting  compound.  These 
Btt«mpts,  however,  have  not  led  to  any  natitifactory  rCHult,  ftince 
•the  compounds  thus  compared  belong  generally  to  diffcrrnt  series. 
KTbe  idddiyds,  for  example,  cannot  batiefactorily  bu  compared  with 
Bhe  aleohols,  and  it  ia  only  in  the  same  homologous  Bcries  that  an 
bqual  rise  iu  tbe  boiling  puiut  can  be  expected  for  equal  increments 
aa  the  numher  of  the  constitueDt  elements. 

I  In  the  ca.**  of  the  alcohoU,  the  volatile  aeida,  and  the  com- 
[pound  ethers, — Kopp,  assuming  a  constaiii  difference  of  34**-i  F, 
[for  C,ilj,  has  calculated  a  tabic  of  boiling  points  which  approxi- 
Iciate  pretty  closely  to  the  ol)9t:rve<l  luimbcra,  the  mean  of  the 
best  observations  of  which  are  contrasted  with  Kopp's  calailated 
piuaibcrs. 

I  If  the  cnlculatcd  results  given  in  the  ensuing  table  be 
Hsaumcd  to  be  accurate,  it  follows,  if  ouc  of  the  bodies  contained 
no  this  table  be  compared  with  others  analoi^ovkft  Xo  \\.  u:^  %ava.y^- 
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tion,  ttat  the  boiling  point  will  be  raised  by  about  l6*'  I  for  Oei 
tdditional  equivalctit  of  cirlwn  ;  atwl  that  it  will  be  redaccd  bf 
about  26''i,  for  a  diminution  of  each  vquivalfut  of  carbon:  bw 
ibo  effect  produced  by  bj'drogcn  i»  the  reverse  of  that  prodtwd 
by  carbon;  nnce  for  every  nddilion&l  equiiideiit  of  hydrogen.  &M 
boiling  point  is  lowered  9"  ;  and  for  every  cquiralcul  of  byditipP 
wbich  i»  rciDOvcdj  it  in  raised  9°: — 


.UcdHh. 


-r  BO. 


ObMned. 


C.H.O, 

C.B.O, 
C.H„0, 

Cm  H  nO, 


COn- 


AtU*. 


I 


OoMVOBd  BUuL 


U04- 


DbMntd. 


138^3  ■ 

343'"-4  i 

37;' *« 


309^0 
360=0 


O.H.O, 

C,H.O. 
0.  H.O. 

C„H„0, 
C„H,.0, 


456^ 


Odcn. 


C4  H.  O^ 

c.  If  o; 


Obttr-r^l 


1 


9»'N>|  7« 


347-'o 

1  '5''4 


441>''6    f„U^O^ 


1-9  -y  1^ 


\3Pr 


j 


The  following  compounds  are  adduced  by  Kopp  aa  alTorduig  aa 
Ulustratioa  of  tUs  alteration  of  tlie  boiling  jxiint  by  the  aiUi- 
tion  of  carbon  and  bydr<:^u,  in  isologotu  comi>ouurH;  bat  tfae 
cipcrimental  numbers  often  differ  wry  ooasiderab)  y  from  the 
culatcd  values  ;— 


AlsaMB:(0,Ba«fO,). 


(ura- 


Allylio     . 

BOOMU)    . 

Cirmamic 
Cumiuic  . 


C.II.O, 

c„u,o, 

C„H,  O, 
CuH„0, 


415*4 


OtMrTtdBcONcM* 


311^4,  Hofma&ni:  C«h«un 
368^ — 3(  o"4.      laiMWil  i , 

3jo'\,,Kopp. 
3iKr"l,  Caniuaxuo  i  401^ 

Kopp. 
481''.  Wolffi  *«9''>,  K-Kow 
469'^.,.  Kraut 


] 


OvopouodBilitrsC^n^^ 


IMfm. 


Okimill  a<aia§  T<Aml. 


AotpUIeofaUrl    . 
BatjAtooTallj-l  . 

Tal«rat«ofaUjl  . 

Ac«ta(«  of  pli^nyl 
Jleozoate  of  methyl 

Bcnzoat«  of  eihj\ 
AoeUtc  of  benzyl 


C„H,0. 

C,.D,0. 
CuH„04 


317*4 

3K^0 

408*» 


mS°'4 — 313°.  Hornun 

j84^.Hortuaiin  anil  CabnUBtl 
abaat  a<)3"',  BrrUirhK. 
23'^^,  Uofuimuu  A.  CtiuNiII' 

370%,  Sonigliaai. 

3jKi^>.  DonuB  and  Micit 
Kopp. 
(  404**,  Delffa  i  4oS*-3,  Dt- 
^   Diati  4if,"4.  Kopp. 
(410',  Caaniuaro. 


{ 
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CaiDfioaDd  BUan,  0^11^^ 

Cilni. 
blad. 

44a^4 
SW^8 

S45^« 
46o°-4 
494"H 

OWnsJ  IluUlsK  Polnl, 

Toluslc  oret&jl  .     ,     . 

Comioate  of  t-lliTl     .    . 
Benioatfi  ef  aoiyl .    .    . 

(EDftnlhjrlato  ol  plioajl 

B«Ti2oato  of  aUrl .    .    . 
CiniiaiQjit«  of  mctbjl     . 

CumunaUof^tlLyl  .    , 

5etuoat«  of  benzjl   .    , 
Caprj'lato  of  plunyl .    . 

C»Ha04 

C),H„0, 

44j'-4,  Noad. 

464"',  GrrlianlL&  Ciboun. 

486'  —  489".       Eieokhcf  j 
(    gOi'^.Kopn. 
5*7*— Sl"^-  Cftlioum. 
1 44*^-',  Berthdut    and   Do 
\    Lucai  467' '6.  Zinia. 
(   463°-8.  E.  Kopp. 
500'=.  Mwchwil  i  503*^6,  E. 
Kopn:  glow's,  fl.  Kopp. 
653°,  UuinijsxBra. 
BDoat  573°,  Oaboun. 

The  reader  will  liud  an  admirable  digest  of  thi«  subject  hy 
kopp,  in  Liebtg's  Attnalea,  vol.  xcvi.  and  PAil.  Tratta.  i860. 

5  II.  Atomic  Heats. 

(1.525)  Relation  of  Sptdfic  Heat  to  Atomic  tVeiffhts. — An  m- 

teresting  rclatioti  has  been  traced  between  the  specific  heats  of  bodies 

ftod  their  combining  (luautitiM.  It  has  already  been  itAtcd  (t6i]  that 

I  t]ie  BtDount  of  heat  reciuired  to  raiK  equal  weights  of  dilTcrcnt  sub* 

^■tsnces  1°  ill  tenip«rnturc  varies  for  csch   ftpecie^  of  matter,  but  is 

Islva^  coDstant  for  the  same  body  when  it  is  placed  under  likccir- 

r  cumstancea.    The  nnmbere  which  reprenent  the  respective  qtiantiti«s 

of  heat  required  to  raise  each  aubstauce  through  a  gWeu  number 

of  degrees  of  the  thermoroetric  acalc,  wlien  referred  to  that  required 

fto  raise  an  equal  weight  of  water  through  the  Rftine  interval  of  tem. 

[peraturo,  constitute  tliesiiecific  heats  of  the  different  bodies. 

By  comparing   together  quantities  of  the  various  clcnientRry 
[aubetauces  in  the  ratio  of  their  atomic  weights,  and  ascertaiuing 
Fthe  amount  of  heat  which  each  rcquirca  to  rai&e  it  through  equal 
iinttrtuls  of  temperature,   Duloiig  and   Petit   made  lUc  imporliint 
.  observation  that  the  quantities  of  heat  absorlied  bear  a  very  simple 
numerical  relation  to  each  other.     In  a  large  proportion  of  in- 
staucvs,  the  amouiitu  of  heat  thus  ubsorbed,  allowing  for  auavoiduble 
errors  of  experiment,  are  identical ;  and  it  was  further  observed, 
that  the  exceptional  cases  nearly  always  exhibit  some  simple  mul- 
tiple relation  to  this  number.      In  other  words,  Me  $pecifc  heal  0/ 
an  tlementary  bod^  is  inversely  a»  its  atcmie  weight :  consequently, 
ilhe  product  of  the  specific  heat  of  an  element  into  its  atomic 
[wciglit  gives,  within  certain  limits  for  errors  of  experiment,  either 
constant  number,  or  some  multiple  of  that  number. 
The  law  thus  onnouuccd  by  Dulong  and  Petit  has  been  con- 
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firmed  by  tite  auhwiuenl  reaeu-chea  of  RcgnauH  npna  »pc<ilH:  lust 
(^iMi.  de  CMmie,  II.  hxni  6i,  111.  i.  i2y,  %ad  ix.  312).  Bq- 
DBiilt  dctcrminrd  the  specific  licots  of  a  gmt  raricty  of  bodies, 
hotb  iiimpic  ami  c()iii]>oun<l.  lie  de&igiiatca  tbo  [iruduct  obtained 
bj-  multiplying  ihc  apcci6c  beat  of  a  body  by  its  atomic  mighl, 
as  th<:  atomic  Aeat  of  the  body. 

Iti  17  of  tlic  sini|ile  IwilicK  wliicb  be  examined,  most  of  which 
were  in  a  sutc  of  chemical  purity,  be  found  the  atomic  l»l  tt 
raugc  l)ctwocii  3-31  and  2*82,  with  a  mean  of  3*13,  Tbc  clcraeDtt 
comprifted  in  thin  rlitn  ore  thu  fullowiu|;-rV)L.,  aluiniuuiQi  cMJ- 
miiim,  cobalt,  copper,  iron,  lead,  mercury,  nickel,  osnoiutD,  phti* 
num,  rhudium,  Mtenina),  sulphur,  tellurium,  tin,  aad  xinc  A 
second  smaller  cbus  i(k»  found  to  have  an  atomic  heat  wtudi  vat 
double  tltat  of  the  elements  coiitaiucd  in  tho  foregoing  list.  It 
cunipri)u>(t  silrer  aud  <;old,  bismuth,  antiotony,  aiHenic  and  phofr 
phorue,  bromine  aud  itxiiuc,  as  vrcIL  as  potMaium  and  ■odium. 
TbeM  bodies  gave  for  their  atomic  heat,  numbers  ranging  betwwa 
5*85  and  6*87,  vilh  a  mean  of  6-42.  llcgnault  has  tlierefbrc  i«t> 
pOBcd  to  divide  by  two,  the  numbers  tutiially  (pTcu  u  tbc  atonit 
weight*  of  the  elemenu  in  the  second  list. 

Tbe  tabic  which  follows  incliide<i  some  of  the  principal 
derived  from  Renault's  experiuiciit-*,  ou  a  lar^  Duiulicr  of  1 
tary  bodio).  He  found  that  the  same  clement  baa  a  diffcmil 
specific  heat  if  examined  in  a  iliflToreut  state  of  aggrcpitioo ;  tKiB 
planiahud  copper  hm  a  smaller  specific  heat  than  tbr  same  mcul 
after  baring  been  annealed.  The  same  fact  is  exhibited  in  dimor- 
phw»  bodies,  the  denwst  form  having  the  lowest  specific  beat: 
diatnond,  for  example,  haa  a  specific  beat  of  0-1468,  whilst  giapluli 
baa  a  specific  beat  oac-third  higher,  or  caot  8  ;  and  tbo  aprci& 
heat  of  wood  diarcoal  is  atill  bighor,  vii.,  0-1415.  Bodies  whes  ia 
tho  li(inid  form  have  a  higher  specific  heat  tbau  when  iu  tbc  loU 
stat^  as  is  seen  ou  oompariug  the  numbers  for  bromitM;  aud  lacr 
CUry  in  the  two  conditions. 

Specific  and  Atomic  Hratt  of  the  E/emen/«. 


:  atomic  . 

ilmifl 
olemifl 


Blanunlfc                        ^.  BMt. 

Diamoad    ....          o'uCS 
<3rspliit0    ....    1       o'loitJ 
Wood  charcoal    .    *    (      o'aiis 

3nlphur      .    .    ■    ,           oaoa^y 
Sewniuu   .    •   ■    ■         0*0837 

ATOMIC    BEATS. 
S/KC^c  find  Atomic  Heals  of  the  Etemeni*. 


Sd.HmI. 


0-H379 
01086J 

005633 

0075 '5 
0*03140 

©■031 9  J 

o<»3»43 

005409 
003063 
0-0363 


a-  18S7 

oo5tia 

00S43 

O'  lOfi 

o'oSi40 
V03077 
o^3o»4 
0-05701 
0"03l*4 


3»'5 

;?■' 

ay.? 
S.V7 

103-4 
100 

■  » 

98-6 
r,ia 
9H6 


3' 

80 

It 
39 
=3 
K 

131 
910 

loS 
156-6 


3r'<»S4 

3JS^M 
3*0 16» 

3"J2 
3'3ii 
3' 1976 

3'W 
3-6 


5-8497 

6-8J33 

6714 

ti-4>:l 

6-713 

fr74« 

6' 1 050 

61939 

6-47«4 

6- 1570 

fi'3177 


132*5)  Atamic  Utats  of  Compcmnii  ttodtm. — The  alloja  accord- 
to  lt«^uault'a  ox|>erimeiiU,  yield  a  spccilic  beat  -vrbicli  is 
eUy  tliti  mean  of  that  or  their  componeDts  ;  bcuce  ttieir  atomii; 
,t  IB  cfjnal  to  tlic  sum  of  that  of  their  componcats:  but  witU 
t  cxcvjitiou,  the  ntomto  heat  of  a  compouud  body  eainiot  lie 
milattrd  from  the  «um  of  the  Btomic  beata  of  its  cotistitueuts. 
D  atotuic  heat  of  tbc  compound  is  wry  gcuenlly  less  than 
,1  Mill),  and  it  variew  from  thii  iiumhor  according  an,  diiriuj^ 
Dbination,  Doutlciiaation  of  ihccooipouent  ]»!u-ticlee  haa  ocourrn) 
B  ^rcJtcr  or  U»  extent,  aud  avcording  to  other  catUKs  bithertu 
asccrUiitM^l. 
On  comparing  together  eiiuivaleiit  quantities  of  isomorphoiis 
ipouud^  [losscnsoil  of  a  iiimilar  chuiuical  comjioiiition,  Ncumanii 
:k1  that  thrjr  likewise  pof<sc««cd  c<]ual  atomic  heata.  Tfie  dif- 
vnwK  rrom  the  mean  are  in  lome  cases  coBBidembIc,  hut  tlicy 
of  the  Mine  order  as  chos-c  already  ohserrcd  to  occur  in  the 
ujilc  bodies.      Tbe  moan  atomic  hcul  of  the  isoniorpbouB  car- 
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bottatG*.  such,  for  example,  ta  the  carltoiuitca  or  lime,  1 
tc«il,   vnc,  •troDtia,   and  the   double  carbonatoa  of  lunkl 
neua,  is  2i'2i,  rarying  between   ii'io  and  3r;Q. 
tier  the  »Ti)ph.itcs  af  baryta,  Urac,  strontta,  and  lead  ji 
atomic  Iteal  0/34-82. 

Bc|;naalt,  from  an  cjctcnsiTC  »Grica  of  exjict 
tariety  of  compuuiid  Ijodics,  arrived   at  the  codcIe 
ill   compound  bodies  of  tbe  same  atomic  coxa\ 
similar  chprnical  constitution,  the  specific  lieata  are 
Uic  atomic  wirights."     The  product   obtaioed  by  mnl^ 
specific  heat  into  the  atomic  weigUt  in  uijr  ooe  claui  oti 
tuny,  however,  diflwr  greatly  from  the  product  of  the 
Dumbcrs  in  auy  otlier  class,  tlit>  numbeni  fiimislied 
rent  dassoe  not  Wing  oonaected  by  aoy  rery  simple  roi 
(acts  viU  be  rendered  obvious  by  aa  examination  of 
lacomary  of  Regnault'a  results  [Ann,  de  Chimie,  II 
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ElofBODtt  (trt  eUas)  .... 

Do.       (sad  do.)     .... 
Pn>toxulM  (t*t  clu*}      (iSnO) 

Do.        Una  da)       {PbO) 

ProtMulpliidM 

S<Mr]itiond«« 

SMquuuIpliidri 

BiitoiidMi 

CbUwidM 
lodiilM 

Fluoridr* 

CKtoHdM 

I'>did«« 

BromidH 

BkUondaa 

Tcn-UoridM 

Nitrstfi   ........ 

SuIuImUs    >     .     .     iBt  olu*. 
CarbonUM        .    (>  BaO.O^*) 
Solbhatce  .    .    sndclaa. 

CarlMnatci        .    i»ii*O.Cfl^) 


lit  e\tm. 
.  (rack  u  BoCl) 

md  cbiss. 
.(HidiMMaCI) 


MO 
MS 

Mcf 
UI 
MBr 
MP 
UCl 
MI 
MBr 
UCL 

Mci! 

Ml'  ■ 


Hal 


«3'S7 

IIS 


V*8 


The  TpoetSe  heat  of  orgatiio  UitDtdU  lias  been  onlf 
foctly  studied.     In  the  fbllowing  table  tbn  nombet 

etlia],  and  ,    ■      "  : 

mann.     Tii 
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nwutitM 


bnnnlt. 


(HO>, 

C.  H,  O, 

C,  II,  O. 
C.H.O. 

c«u„ 


MoIkoIm 

irbou*r 

flp.  bfal  K 

«*iiihi. 

t^Dktnigbt. 

m«l.«*i^ 

i8 

I'OOO 

iS-M 

55 

o$4S 

30-64 

46 

©■6i5 

38-19 

S8 

0'.^ 

49AI 

J43 

1 31-45 

46 

05A* 

'465 

60 

oflo^ 

30  54 

S8 

0"5«3 

44-»« 

74 

OS03 

37" 

74 

0507 

375a 

U 

»5'3 

37-46 

e-4«o 

49^3 

103 

0-487 

ti6 
.46 

0-491 

0'457 

s! 

0M<» 

30-74 

78 

©■4IiO 

35' 'o 

5 
136 

o"43> 
0-467 

4>-77 

tlicsc  cxi>criini;nts,  scant;  and  Few  in  numlxr  though 
ltp|)ear>i  lliat  ihe  specific  heat  of  equa]  weiglitti  of  com- 
LncCH  ilccreau^es  as  tlic  molecular  wciglit  of  the  siil>- 
fnrthcr,  that  when  the  products  obtained  by 
lie  specific  licat  into  the  inolcMniUr  numlKt-s  Eire  com- 
luct  generally  increases  ft*  the  molecular  weight 
tod  ill  the  homologous  scricn  of  the  alcohol),  the  fatty 
tbv  ctbcrs,  the  increase  is  about  7  for  each  addition  of 
lie  molecule  of  the  compound.  In  fwmc  metarocric 
in  the  acetate  of  methyl  and  formiatc  of  ethyl,  the 
the  E&mc,  and  eo  is  that  of  etlic-r,  which  has  the  tame 
ume    as   the»e   compouuda  though  it  ia  not  metainerie 


A-rouic  Rklations  of  Hbxt  op  Combihjltiom. 

ftc  Qtutntity  of  Heat  (tetfhpH  htf  Chemiraf  Action  ia 

ouly  are    the   Bpc-eiHc   hcatn    of  the   ck-mcnts   thus 

ntcd  to  each  other,  hut  the  amount  of  heat  which 

ieu  entering  ioto  combination  is  definite,  and  has  a 

boa   to  the  combining   iiumhcr  of  each  sulMtancc 

uc  subittance  is  humed  with  a  due  supply  of  oxygen, 

ftBhle  precaution*,  a  given  weight  of  it  alu-aya  emitt 

lunt  of  Iient.     Thus  1  lb.  of  bydrogea,  when  hunicd 

|ir«ys  cRiibi   heat  enough  to  mcll  31  J'3  lb.  of  ioe; 
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3(  lb.  or  phosphortw,  wlicn  burnt  to  pliOBjilioric  aciii,  yields 
sufficient  to  melt  1576  lb.  of  ice ;  ami  6  lb.  oT  cvbou  wlicu 
vcrtixl  into  carbouic  acid,  emits  Wnt  siinicieot  to  melt  3^0 
ice.  It  would  at  first  sight  appear  easy  to  drt^miine  by 
experiment  the  amount  of  heat  which  each  IkkIv  emits  in  tl 
of  combiniuft  w'tli  an  equivaleDt  of  oxygen,  and  to  comj: 
results  thufl  obt&iac(L  with  a  OorrcKjiORdiiig  scries  of  cxperiaicnti 
made  by  comijiniiig  tlie  same  element:!  with  rMorine.  Ittd^OK 
dcatly,  however,  of  tbe  tlitGculties  vbicli  tbe  exact  ndaicuttrentail 
uf  heat  always  iovulves,  there  ate  others  which  will  be  re 
evident  by  a  little  couwderation. 

Scarcely  aiiy  molecular  cbauge  can  take  place  irithont 

crolutioa  or  absorption  of  beat.     When  a  gas  or  a  vajiour 

liquefie<l  or  sntidilied,  the  eliange  of  Mate  is  always  attcitdcd  br 

tbe  evolution  of  tJie  beat  wbieli  it  previously  coutaiped  in  a  latct 

•talo  [164),  and  the  effect  is  reversed  when  a  solid  paue*  tuto  tif 

liquid  or  the  acHform  «)nditio»,  heat  being  then  absorbed  {tSt'i. 

I%ow,  the  iuataitcua   ia  wbieh  ebemical  cotiibiantion  take* 

witboat  any  alteration  in  the  physical  cniiditioa  of  botliea,  Brv 

and  the  cosm  in  whicb  the  product  occupies  exactly  tbe 

balk  as  the  bodies  from  which   it  was  formed,  are  still   more 

■When  two  (fa»cou«  elements,  like  chlorine  mid   bydrogen,  usi 

•nd   form   a   cOmpouud   which   is    not  only   gaseous,    but   w 

occupies  the  same  bulk  as  the  bodies  did  before  their  combi 

the  problem  is  presented  in  tbe  simplest  form  :  the  heat  o 

io  sDcJi  a  case  is  due  solely  to  tbo  chemical  action  ;  hut  wlteu  Ai 

products,  though  gaseous,  occupy  a  smaller  bulk  uftur  Lbi^y  hiw 

entered  into  coiubinutiou, — as  when  3  volumes  of  carlMnic  oxidt 

unite   with    1    Tolume  of  oxygen,   and   fonu   but    3    volumes  d 

carbuuie  acid, — the  bent  emitted  duriu^  the  act  of  comhinatii 

due  )»irtly  to  eheinicui  action,  and  |iin'tly  aUo  to  the  cond 

which  tbe  gascn  have  cxpertcnced.      When  titc  product  assi 

the  liquid  form,  as  occurs  in  the  formation  of  water  during 

oombiistioo  of  hydrogen  in  oxygen,  the  quantity  of  heat  cmi 

owinj^  to  tliut  change  in  form  Is  slill    more  coiisidcmhlc. 

ou  the  other  baud,  a.  solid  passes  into  the  scriform  slate,  aa 

carboi]  is  coitvertrd  into  carlxinic  aci<l,  the  heat  actually  0I 

is  less  than  (hut  which  tlie  eomhiuatiou  ouglit  rt-ully  to  prudiKt: 

and  the  efieot  is  reversed  when  the  solid  form  is  aiwrnned  by 

product,  as  when  pbcnphonis  becomes  oxidised  to  pbospboric 

iu  which  case  tbe  heat  evolved  exceeds  that  really  due  to  the 

of  comhiuution.      But  even  when   no  change  of  ktate  is 

minor  disturbing  causes  are  at  work.     Supposing  it  were 
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to  o1>taia  a  direct  combiiiatian  of  iodiuc  iritb  a  metal,  sucli  as 
iron  or  zinc ;  even  then,  though  two  solids  united  to  form  a 
thinl  soliit,  it  would  not  necessarily  liapjien  that  the  whole  of  the 
heat  emitted  was  due  to  the  chemical  action.  If  the  iodide  of 
zinc,  for  example,  contnu-ted  in  the  act  of  combination,  a  small 
portion  of  tlic  beat  observed  voutd  tie  due  to  tliat  erolred  by  the 
solid  in  consequence  of  it?  change  of  bulk;  vrhureaa,  if  the  iodide 
occupied  a  Urgcr  apace  &ncr  combination  than  that  of  tlte  two 
eleraipnt*  wjiarately,  the  heat  observed  would  be  !«*  than  that 
rcsultmg  fmm  the  chemical  uctioD  :  and  even  if  no  change  of  bulk 
occurred,  it  might  happen  that  tho  compouud  had  a  specific  heatfl 
difforeiit  from  that  of  the  originnl  element*,  and  in  auch  otoc  a 
sH};ht  elcratiun  or  depression  of  temperature  might  be  occasioiied* 
which  was  not  really  the  chemical  result  of  the  act  of  oombiautioa. 

From  the  foiegoing  statements  it  is  therefore  clear  that  thaJ 
experimental  uumbera,  however  carefully  the  obserratioDi  area 
niade,  cau  very  rarely  yield  tho  actual  quantities  of  beat  due  to  the 
Lcbetnictd  action.*:  they  are  compound  multa  from  wliich  the 
knie  calorific  et/tiivalenft  of  the  different  element^  (or  heat  evolved 
Rrr  the  Donibioatioa  of  chemical  equivaleatsof  the  diSiarent  elcmcntB), 
BRuat  be  deduced  by  other  meana. 

I  (1518)  £arfj/  Erprrimntt. — The  importance  of  determining 
raccurately  the  amount  of  heat  artstng  from  chemical  action,  woa 
I  tint  (Itatinclly  announced  by  Ejaroisicr,  who  iiiatittiled  a  Mries  of 
L experiments  with  the  \new  of  linding  the  qusntily  of  heat  erolred 
Idoring  the  combuntiou  of  various  ftubstaocea  :  hi>  method  consisted 
pin  a»certai»ing  tlie  quantity  of  ice  which  vita  nieltwl,  when  given 
LweightA  of  the^e  bodies  were  burned  in  hia  calorimeter.  The  first 
kxperimenta  with  any  claim  to  accuracy,  however,  are  those  of 
P)oloDgj  whidi  have  formed  the  foundalioTi  for  all  HolMCi^ucnt 
■neaearehefl  upon  the  subject.  Important  additional  inrcfttigatioas 
Buve  dace  been  made,  particularly  by  Deiprets,  and  more  recently 
■1)j  Audrewff,  and  by  Fa^re  and  Silbermann. 

I  ('5-9)  W'-'eorfAe*  of  Andrews. — 'Hie  apparatus  employed  by 
■"Andrews  in  tbeae  eiperiments  {Phii.  Mag.,  May,  t848),  wu  of  a 
■aimplc  kiud.  When  the  ^ubxtances  to  be  combined  were  in  the 
Igaaeoua  state,  and  the  produeta  of  combustion  were   also  gaaeoUH, 

■  the  two  gasoa  were  mixed  in  the  proper  proportions,  as  in  the  pcr- 

■  formaiipc  of  a  cwdiometric  experiment,  and  introduced  iuto  a  vessel 
I  of  tliiii  sheet  copper  (a.  Pig.  366},  of  a  capacity  of  about  24  cu!)ic 
I  iuehcs.  It  was  closed  by  a  vcrew,  the  head  of  which  was  per- 
I  foralcd  to  admit  a  cork,  through  which  a  silver  wire,  b,  paeseil ; 
I  Ibis  wire  was  connected  by  a  thin  platinum  wire  nithin  the  veeMl 
Is  3  u 
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to  a  MKond  »i]Tcr  wire  aoldercd  to  the  screw  itself.    Tlie  plati 
wire  oould  be  ignited  by  connecting  it  for  au  ttiittant  with  a  »i 

voltuic  bitter}-,  aiid  thus  the 
uixtunt  could  he  detonated  at  tlie 
pleaftQiT  of  the  up<:rgLtor.  The  cup- 
per vessel  coiitaiiiiti]{  the  miud 
gases  wu  tlieo  introduced  into  1 
hirgi-r  VL-Mcl,  c,  which  was  fiUod  nf 
nith  water;  tlie  vosst-1,  c,  was  tu- 
peiided  iu  a  cylinder,  d,  prorided 
with  a  moveable  cover,  atul  die 
«holc  was  eiidoaod  in  an  oaus 
cyiiudrical  venel,  e,  arranged  m 
aa  tt)  admit  of  itA  heiiig  made  10 
rotate  ti|iou  ita  khurttn'  axis. 

Hie  apparatuB  having  beea 
iikuuntv^I,  was  cau»cd  to  rutatr,  ii 
order  to  hritig  ervry  part  to  a  uni- 
form mmperature  ;  after  wfiicb  the 
exati.  aiuuuiil  of  this  initial  Icmycralurc  wa&  read  off  hy  a  ray 
senaitite  thermometer,  cajiabli-  of  iuilicatiog  diflcrencea  of  tria- 
pcratnrc  of -rUth  of  a  dcgreo  Centigrade.  The  tltcmiometer  wu 
then  witlulrawD,  and  the  gascx  exploded  hy  igniting  the  fiut 
platiuum  wire ;  the  outer  vestal  of  water  was  closed  by  a  cori, 
and  the  apparatus  was  causi^  to  rotate  for  thirty-five  seconds,  in 
urdrr  tu  establish  an  equilibrium  of  temperature  iu  all  iu 
The  thcTDiomctcr  was  agniu  introduced,  aud  tbe  rise  of  tcm 
tare  was  ascertained.  After  this  olmcn-atioD  the  apparatus 
again  made  to  rotate  for  thirty 'five  mx^oiiiIs,  and  the  loss  af 
thus  occasioned  waa  oacerlaiued.  I'liiit  third  rotation  was  ni 
mry  in  order  to  determine  the  cooling  efleet  of  the  atmosphere 
U|)on  the  apparatus,  iluritig'  the  time  that  the  enperimcut  hauii 
in  tbc^c  cases  it  seldom  amounted  to  more  than  ,  '^^th 
total  quantity  of  heat  set  free. 

Wlitn  solid  bodies  were  humed  in  nsj'gen,  the  form 
apparatus  was  modified ;  the  comhu^tiwl  was  cfleetcd  in  a  onp] 
vessel  [a,  Fig.  367),  of  about  250  cubic  inches  in  capacity,  whick 
was  Alk'd  with  oxygen ;  and  a  known  weight  of  the  coubosiibit 
was  Gupportctl  in  a  small  platinum  dish,  b ;  when  ail  was  raij, 
the  vewtel  a  having  been  accurately  closed,  the  combustible  «>• 
ignited  by  means  of  a  roltnic  rurrent  sent  through  a  trery  Koe 
platinum  wire  in  conneiiun  with  the  insulated  wire/.  Pnrfi""Bli 
to  this  iginlvoQ,  ^!hR  <<e«A\  a^«&  Itnmeraed  in  4  laigc  c}\. 
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C,  aWeA  with  a  kuowu  quiiiitit^-  of  water,  uid  tlic  wliole  was  xur- 
fiwiiided  hy  an  outer  vessel  of  tiuiilatc,  d,  to  jiceveut  the  eficcts  of 
liatit^Q.     The  copper  vessel  could  be  agitated  within  the  vessel 

)f  uater  hy  m(iiui»  of  the  lever,  e.  P^ticiiW  expedtcutit  were 
fxequircd   iu    ccrtaiu    cases    to    cusurc    the  iguitiua;   thus,  iu 

Flo.  367. 


bnniiiig   UDC   SUiit.'s   and  other   mctoXt  in   oiygeu,  a   miuute 

portion  of  pliosphorua  was  cmplovcd  t«  kitidle  ilie  inetnl ;  ihc 
weight  of  thi»  piece  of  phospItoruH  lieing  known,  the  heat  which 
it  emitted  wim  calculated,  aud  deducted  from  that  olucj-vcd.  Iu 
•onte  cases  thrac  fxporimciits  lasted  fiHeeu  or  sixteen  mioutes, 
w  thnt  the  corrcclioii  for  the  cooling  elTcet  of  the  external  air 
I  acquired  coiiKiderublc  iniportance. 

When  chlorine  was  used  instead  of  axyi;;cn,  it  was  not  neccs- 
I  Mrf  to  ignite  the  suhittance  under  trial ;  but  iu  order  to  prevent 
[tlie  spoiitttueous  iguitiou  of  the  body,  the  latter  wan  encloRed  in  a 
>  tliiii  glass  bulb,  which  was  broken  by  agitation  of  tlie  appurutus  at 
^tbc  moment  that  everything  wat  prepared.  The  chlorine  itself  waa 
i»  most  inat&iiccii  coutHined  in  a  glabs  vessel,  nhich  wan  filled  witli 
Itbc  gas  by  displacement ;  an  excc»  of  the  body  for  cooihiuatiun 
[with  the  chloriue  wna  idwiiy»  employed,  EO  as  to  cqs\u«  ^.\^«  Nn'vji^ 
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■bsorption  of  Ihe  clilorioe.     The  time  allowed  far  abaorptiao  hu 
ia  each  CMO  kix  uiuutes  and  a  ludf. 

(ij^o]  Bxperimenia  0/  Farrre  and  StiAermann. — A  very  ex- 
teneire  nencs  of  researches  iipou  the  derelopmeut  at  brat  daring 
molecatnr  and  clicmical  changes  was  ondcrtaken  by  Farre  ami 
Silbcrntana  {Ann.  dc  Chimie,  III.  xxxiv.,  xxxvi.,  and  xxtm). 
Tbc»G  experimeoU  were  conducted  to  tnouy  cues  apoa  a  \ttga 
scale  tbuu  Ibusc  uf  Atidruwh,  atid  wiUi  n  mucb  more  eUborale 
apparatus.  It  ia  mtisfsctorjr  to  And,  however,  that  tbmr  cxperi- 
mental  results  generally  agree  pretty  dotely  with  thote  of  Audren, 
altliouxli  tliey  difTer  from  iiim  iu  MDie  of  tbtrir  deductioua.  lie 
€6«cntial  pikrt  of  Favrc  and  Stlbermaun's  apparatus  was  a  vaid 
of  1)ra6S  fpit,  a.  Fig.  368,  ia  wbich  the  eomhustiona  vere  pcr- 
furmed ;  this  vessel  was  immGrscit  in  a  calorimster,  b,  of  ulvextd 
copper,  which  coutaiacd  about  3^  pints  of  water.  The  calo- 
rimeter waa  aupported  in  an  outer 
vessel,  c,  lioed  with  airan's  dowa.  ud 
tbw  GBfte  was  itself  snrroandod  by 
OQtcr  double  envelupe^  d,  filled 
■wtAxT.  It  was  fouud  that  by  tbi 
meuua  tbe  lou  of  beat  from  the  infli 
euce  of  the  tittcmal  atmosphere  WM 
reduced  to  a  <rcry  amall  and  measunUc 
amount.  Wbeu  the  coaibustions  wen 
performed  in  oxygen,  this  gas,  prerioiuly 
dried,  was  allowed  to  fiov  into  the  eon- 
LuKtioQ  chamber  by  the  tube,  e,  aod  tbc 
giutea  produced,  together  with  tk 
supcrJluouB  orj^n,  vera  forced,  before 
their  exit  frooi  tltc  apparatus,  to  tn< 
-  -—  verse  a  spiral  tube  of  thio  copper,  /,  so 
that  they  might  be  PompU-tcly  cooled 
down  to  the  tompcratore  of  the  wat«r  in  the  calorimeter,  i  :  gg 
is  an  agitator  for  easoring  miiformity  of  temperature  iu  the  wtur 
of  the  cjilurimeter. 

Solid  bodies  were  kindled  by  the  intrudaction  of  Mnall 
irf*  burning  charccial ;  liquids  were  burned  in  small  lamps 
sitbeatoa  wicks,  and  gases  were  introduced  by  a  jet  prerioosly 
on  tire.  The  appamtiu  in  the  figure  shows  the  arraagemeot 
burning  carbon ;  the  isc&lo  of  tbu  thcrowmetcra  cfUployed  alkiwtJ 
a  variation  of  -,  ^, tli  of  i''  C.  to  be  estimated.  In  moat  eases  the 
weight  of  the  lubstancc  burned  was  ascertained  by  coUeciiDgaod 
weighing  the  products  of  combustion. 
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(1531)  Tlie  following  Tihle  is  compiled  chiefly  from  the  resulta 
of  Dulong,  Audrcws,  and  PaTro  aud  Silbcnuson.  It  U  founded 
upon  the  direct  reaulti  obtaiued  by  tlie  rapid  combustioti,  in 
oxygeu,  of  the  various  substances  enumerated  tu  Che  fim  ooluma. 
The  heal  unit  adopted  ia  the  one  propofted  by  Dulong,  viz.,  the 
quantity  of  heat  required  to  raise  ono  gruinme  of  witter  1°  C,  or 
rather,  from  o^C.  to  i°C.  The  second  column  indicates  the  units 
of  heat  erolrcd  daring  tlie  aot  of  combnt^tion ;  or  the  weight  in 
gra,mtnM  of  water  which  would  be  raiiKsl  from  o*  C.  to  1"  by  the 
combustion  of  i  gramme  of  each  nubstanoc.  The  third  colamn 
indicates  the  weight  of  water  heated  to  the  same  amonut  by  the 
coinbinsition  of  i  gratnioe  of  oxygen  with  each  body,  and  the 
fourth  column  {the  calorific  e<iuivaient)  is  obtsined  by  multiplying 
the  numbert  in  the  third  colnmn  by  8  [Uic  combiiiing  number  of 
oxygen). 
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The  TaUcs  OD  the    Ibllowing  p«ge  coatain  the  results  of  ■ 
rimilar  scriea  of  experiments,  in    which  chlorinCi  bromioA^ 
iodine  were  employed  itutead  of  oxygen. 

From  an  inspcclion  of  these  Tables  it  m»j  be  gsi 
that  the  ftinouut  of  licat  dUcn^ged  br  the  follomng  bQd>e^ 
their  ordioaiy  phyucal  state,  daring  their  oombin&tiop  wilii  u 
equal  weight  of  oxjgcu,  ia  newly  the  aune  :  vi».,  bydrogeo,  cw^ 
bonic  oxide,  cytuiogcn,  iron,  and  tio,  to  which  alad  may  be  sdM 
protoxide  of  tin,  and  phoitphonu,  thongh  the  beat  diaengaged  by  the 
body  Ixist  muncd  ia  somenhat  higher  than  that  funiiithi-il  by  any  one 
of  the  others.  If,  however,  to  these  numbers  the  .coircctioiu  dne 
to  the  change  in  the  physical  state  of  the  products  could  be  applied. 
tbc  same  coincidence  would  not  be  observed;  but,  alliiough  tbo 
trustworthy  numerical  data  required  for  making  these  oorrcrtim* 
do  not  exiit,  it  is  qoite  obvious  that  when  equivalent  qtunfitiei 
of  the  different  element*  unite  with  equal  weights  of  oxjstft 
without  und^rguiug  change  in  tlieir  physical  state,  they  emit 
specific,  but  different  amounU  of  beat.  Sulphur,  copper,  and  p«l- 
oxidc  of  copper,  dxstwigi^e  UtUc  more  than  half  the  best  of  th* 
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two  fioaps.     Zinc  gives  out  more  lieot  than  either,  and 
tium  more  than  sine.  .._... 

Qutm/iliet  of  Heat  ditengagtd  by  the  Aclion  nf  Chlorine. 
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(1552)  Injluencf  of  Pimorphitm. — According  to  tlic  experimoit* 
Favrc  ami  Silbcriaaiui,  equal  weigiita  of  the  same  substiiiicjc, 
n  in  difft^rent  allolropic  conditions,  evulve  somewbat  diSerenc 
luubi  of  lieat  during  combufitton ;  tlie  modification  irliich  is 
it  <kuEc  uul  biui  the  liighcut  fi[}ecific  heat  evolving  the  largest 
itity  of  heat  wbeu  buraed.  The  following  result*  with  carbon, 
su1(jbur,  aad  phosphoriw,  io  diflereut  states,  maj  be  girca  in 
,iou  of  tlti*  {K>iut : — - 

VtMt  el  RmI.  BjwciAc  II«a). 

DUinoBd  erolvee 7770  011687 

Grapkiu 7796  0-J0187 

WoodOlAKO*! ■    .    UoMo  0-341^ 


ThnMwiMnw  ^tH«  Seyat  Trith  JctMlx*}.  ToV,  vx.,  \%v^ 


HEAT  ETOLTED 


TBS    GQVBCSTION    Of   COHPUDJiDS. 


OetoMnl  Sulphnr nao  oin^ 

Frinnatic *    .   nfi*  o*iHi 

Viwoui  Sulphur a>58 

Bed  Fbotphorua  .......    5070  "''i*^ 

TiireoM  PhotphotM 5953  01887 

Similar  difTcrcoces  were  observed  when  diOereut  forms  of  ibe 
tame  componnd  bod;  were  submitted  to  eiperiinent.  Accordia| 
to  t]ie«e  obsemcra,  beat  was  evolved  during  tlic  coavcrsion  ofuigo* 
site  into  calcapar;  this  is  somewhat  remarkahle,  for  tbe  deui^ 
of  cakspar  is  leas  thau  that  of  uragouite,  and  heuce  Ao* 
nnalogir,  an  absorpUoQ  of  beat  was  nttber  to  be  looked  for  in  (Ut 
cttaugo. 

(1533)  Comhuslion  of  Compounds. —  Goncridljr  speaking,  tin 
heat  giren  out  during  tlie  combustiou  of  a  cotDpoaod  body  U  Ina 
than  that  emitted  bjr  th«  combustion  fcparatcly  of  a  quiuititj  <f 
eacb  of  ita  constituents  equal  in  amount  to  that  presrat  in  ths 
oom|>ouiid  burnt ;  but  this  is  uot  uniformly  so,  as,  for  instance, 
in  the  case  of  oil  of  InrpcDtinc,  and  of  bisulphide  of  carbon. 

(J534)  Heat  evolted  iu  etrtain  Canet  during  Decooi/iotitioa,—\ 
tbe  experiments  of  Duloog  it  speared  that  when  oxide  of ' 
or  hydn^n,  was  burned  in  protoxide  of  nitrogen^  a  larger  aoc 
of  beat  was  cvoItccI  thau  wheu  the  same  weights  of  these  gaset 
were  hitmrd  111  osygeo :  foltowiog  up  this  observation,  FaTre  and 
Silberniaiin  were  led  to  the  remarkable  concluaion,  that  putoiide 
of  nitrogen,  in  the  act  of  decomposition,  evolve*  ■  ooiisideniUc 
amount  of  heat ;  and  they  estimate  that  uot  Iru  thau  1 154.  mula 
of  heat  are  evolved  in  the  Mjmnitioii  into  itn  elemenu  of  a  qtiHf 
tity  of  nitrous  oxide  which  contains  i  gramme  of  oxygen,  b 
the  decomposition  of  pcrojide  of  hydrogen  nlso^  heat  is  eroUtd 
instead  of  being  aI)aorl>eil,  and  they  estimate  tbe  heat  cvolied 
during  the  liberation  of  1  grauimo  of  oxygen  from  peroxide  of 
hydrogen  at  1363  h(«t  unit*. 

Chcini»u  are  also  fumiliur  with  other  caaea  io  which  drcotn- 
poaition  is  attended  with  disengagement  of  heat ;  as  when  tha 
oxidea  of  cblOTioe,  and  the  sO'Called  iodide  and  chloride  of 
nitrogen  arc  decompooed.  In  these  caeca  cvolutiott  of  light  aod 
heat  occara,  although  the  products  of  decompoution  oorapjr  a 
larger  bulk  tlian  the  compountl  wbidi  furuislies  them.  A  ttill 
more  Dtriking  evolution  of  beat  attends  the  explosive  dccouiporitioa 
of  gun^oolloa.  Although  tbe  gaaea  produced  occupy  many  hundred 
liraea  the  roliime  of  the  original  substance.  Tlie  latter  ouk  i» 
particularly  instructive,  for  it  is  obvious  that  tbo  oxygen  and 
carbon^  altboug\i  ^T«&ca.V  \iv  ^^aib  «n&.yv^&^^w«  «ach  then  ms 
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fonn  ia  wbiuti  they  reuiu   a  Itrgo  »harc  of  beat,  read;  to   be 
erolved   wliou  more  iutiroate  chemical  anion  occurs  ;  anil  it  ia  by 

I  DO  cneans  improbable  that  these  apparent  anomalies  may  be  due 
to  tbc  appan:nt  dvcompositioue  l}ciug  truly  double  dccomirasitione, 

I  tvo  lie  bodies  being  m  each  cajte  formed.  Thus,  iu  the  instance 
of  peroxide  of  hydrogen,  the  dccompo«itioa  may  be  Ulu«  rciircsented, 
llO,0+IIO,0=iIjO,  +  0,;  where  the  heat  cvolrod  by  Uie  uuiou 
of  the  two  utuiiu  of  oxygen  may  tie  j{reater  tbau  that  abiorbed  in 
tbc  deoomposiUou  of  the  poroiidc  of  hydrogou. 

('535)  Coitlnution  q/  Polymeric  and  Homologous  Compousuts, 

I—- Favre  and  SiJbermann  huve  likewise  examiDeil  ihe  amouut  of 
heat  developed  during  tbc  cumbuntton  of  many  bydrocarboua  aud 
conipotiiid  ethers.     From  these  experiments  it  Bpi>rars  that  poly> 

[meric  boJim  do  not  emit  oquul  amounlv  of  heat   durinj^  combiia- 

tluui ;    but   that  the  donaer  the  vapour  which  thoy  furuish,  the 

[  Binaller  is  the  amount  of  heat  which  they  evolve  in  combining  with 
equal  weight*  of  oxygen.  Thy  following  tublc,  which  indicate*  the 
amount  of  heat  givcu  out  by  hydrocaxbons  polymeric  with  olefiant 

I  gM,  distinctly  shows  this  :^ 

B«l  Vnitt. 

.    .    1 1491         V 
•    •    >)o55        mk 

Metaniylcnc     .      .      .     C^H,,      .     .     .      IO918  ^» 

I         To  homologous  conipoimda,  such  as  the  alnohols,  niid  the  futty 

Itcids,  it  was  also  fouud   that   for  equal  weights  of  oxygen  con* 

aumed,  the  heat  of  conitui^tiun  was  diminished,  the  ofWiier  that 

tbc  group  of  dements  lC,Hj)  entered  intu  the  formation  of  tlie 

I  ootnpound. 

I  Even  in  metameric  bodies,  which  contain  the  vame  number  of 
ntome,  and  which  yield  vapours  of  the  same  dcniiitj,  the  quantity 
tof  heat  evolved  during  eoinbuHion  ts  not  itecesBwrily  the  samei 
from  wliich  it  would  appear  that  diiferences  iu  the  molecular 
arraugemctit  of  the  compoiieat  clciDcnts,  although  the  number  of 
tbe  atoms  may  remain  unaltered,  may  yet  proiluce  differences  in. 
ttiu  fttnouut  of  heat  evolved  during  osidatioD.     For  example,  the 

iroiluwing  nictamcrides  evolve  different  quautJtiea  of  boat;— 
UmI  Doiu. 
Propionic  actd  .     .     .     HO,CfII(0,     .     .     .     4670         m 
Porroic  ether     .     .       C,HjO,C,HO,     .     .     .     5*79        ■ 
Acetate  of  methyl  .      CgH,0,C,H,0,     .     .     .     5344 
{1536)  Indirect  Mithoclt  0/  Etli«\ai\wi  Calortjic  Eqmw.leo.U. — 
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006     IXUIBECT  METBODB  OP  ESTlHATtXO  CALOUnC   EQL'tViLXSTi. 

The  difficulties  experienced  ia  cjSixtliig  the  direct  eom\ 
tke  mcuds  in  oxrgco,  cbtonM,  iodine,  and  aulphor,  io  audi  a 
manner  as  to  cnnire  the  perfeot  eonveraion  of  the  metal  into  » 
given  coD>[Mtuid,  Dnjniied  with  any  otfaer  body  of  liigber  or  Ivnr 
degree*  of  oxidation,  &c.,  arc  *o  con«ideral)le,  thmt  Farre  ani 
Silbcnnann  were  led  to  attempt  the  solution  of  this  problem  bf 
indirect  means,  upon  a  priucijilc  previously  anggeatcd  and  appfied 
by  Dr.  Woods  (PMt.  Mag.,  Oct.  I851).  An  examination  ottm 
of  the  metliodtt  employed  in  tK«  ea«e  of  the  oxide«,  will  fur 
an  idea  of  tbe  general  principle  upon  which  they  proceeded. 

AVbcncver  a  metal  is  acted  upon  by  an  acid,  or  when  one 
metal  ia  emp1oT»l  to  prt-cipitiite  aiiot)]<?r  met&l  from  any  of  iti 
aaha,  ag  when  zinc  is  diHsoUed  in  sulphuric  acid,  or  when  copftT 
ia  precipitated  by  means  of  snc  from  a  solution  of  ita  ndphair, 
best  is  evolved.  The  cnlorific  effects  tbu5  obtained  are,  boverer, 
complicated  result*:  for  several  chemical  processea  concur  iu  eack 
operation,  some  of  these  processes  being  attended  with  the  abfoi^ 
tion,  others  with  the  evolution  of  heat  The  calorimeter,  of 
ODorsc,  only  meaaurcs  the  difference  of  tbc»c  quautitics. 

Now,  if  it  be  assumed  that  tbc  quantity  of  heat  vhicb  in 
absorbed  when  a  compound  is  separated  into  !t»  elements  is  tbt 
same  as  that  evolved  in  the  fomnation  of  that  compound,  it  I 
possible  to  calculate  the  value  of  tlie  calorific  action  of  any 
pftrticular  chemical  o])ciation  in  the  entire  process,  provided' 
the  beat  produced  or  absorbed  in  the  other  portions  of  the  pr 
be  determined  by  other  eKperimeiita.  Suppose,  for  iostanix, 
talic  tbe  caw  of  the  »olutioa  of  ainc  in  dilute  sulpliuric  neid< 
elevation  of  temper^iturc  obwrvcd  will  be  the  resultant 
following  operations : — 

la  the  first  place,  heat  is  crolvcd  by  tbe  conabinatioo 
equivalent  uf  xinc  iritb  one  of  oxygen.  Lettliis  amount  of  heali 

Secondly,  beat  is  produced  by  the  solution  of  tbe  oxide  of  i>dc 
in  sulphuric  acid  :  let  tbi»  =  a. 

Thirdly,  beat  is  absorbed  by  the  seiwration  of  the  oxygen  l^ 
bydrogcu  during  the  decomposition  of  a  quantity  of  water  eqnlfl 
lent  to  that  of  the  zinc  dissolved :   let  thia  =  fr.  ~ 

If  T  l»e  the  number  of  bt-at  units  indicated  by  tbe  rise  ofteo- 
pernturc  observed  iu  the  calorimeter,  supposing  a  end  6  to  be  keun 
from  previous  cvpcrimeuts,  it  is  obvious  that  x  =  T  —  a  +  i. 

Experiment  shows  that  T^  tbc  beat  evolved  dnriug  tlio  solatUL 
of  1  gramme  of  zinc,  is  equal  to  ^67*9  heat  uoita.  Tbc  eo1ii^| 
in  aulpbuhc  ac'vd.  uf  v  i^T&i,umc  of  liuc  converted  into  oxide,  gfl 
for  (I  aquauXtiy  et^'OJiii  to.i,-i^JA-  »sA>»,>lwi\waa.xW«;b<4JyjH 
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.   90^ 


the  calonfic  equivalent  of  bvi]rog«n  ,  . 

the  cbemic&l  equivalent  of  sine 


tbio  decompositioa  of  a  r|tisnt)tjr  of  water  eijuivaleut  to  a  gramme 
.  of  ziac,  was  fouud  hj  auolher  expentuent  to  be  equal  Ut  1060*39 
I  Units,  or 

I  ODTUoquetitlff  a,  tbe  beat  attendant  on  the  oxldattoa  of  ziac,  is  tliiis 
obtained.—  H-.ir>,iM. 

T==  567-90 

+5=1 060-39 

1628-39 

-g=  33.554 

g=  1293-75 

This  number  iigrecs  very  closely  with  the  direct  determinntion 
hy  Andrews  and  by  Dulong,  both  of  wbum  burned  the  metal  io 

.oxygen.     The  cxperirneuta  of  A.ndrews  would  give  the  number 
I301,  and  those  of  Dulong  1398.      But  nltbough  the  results  itgree 

'  very  well  in  the  pnwcnt  instanee,  the  divergeuces  are  much  greater 

^ia  tbe  case  of  iron  aad  of  copper. 

Tlie   foUowiug  arc   the  results  deduced  by  Favre  and  Silbcr- 

'  mann,  by  op4.'ratians  conducted  upon  this  principle;  the  quantitioi 
of  beat  evolved  being  calculated  for  1  gramme  of  each  clement, 

I  vhco  combined  with  a  siugle  equivalent  of  the  bodic**  with  which 

1  it  is  united  : — 
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Tfotwithstaiiding:  the  confidence  with  which  thc«  numbers  arc 
It  forward  by  tbcir  authorsj  it  must  be  admitted  that  the  dnta 
ry  for  tbe  calculations  by  which  they  were  obtained  arc  m 
FOt  very  incomplete.     Tbe  lateut  beat  of  oxygen  in  the  gaseous 
[■tatc  is  Qukaown,  aud  other  important  numbers  are  wanting  :  the 
kuItA  given  ill  tbe  foregoing  Table  caiiiiot,   therefore,  At  present 
received  without  great  reserve. 

(1537)  Mcrcariai  Calarimcler  of  Favre  and  SUbermctm. — Most 
of  tbeae  ex2>eri(oeiit»  were  performed  l>y   t\ie   aid.   s^  .».  mtytutvJ- 
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eatorimeter  [Ann.  de  Chime,  III.  sxxri.  33).  This  iusLrurocnt  nitj 
be  r^arclvd  as  a  mercuria]  therraoinetcr,  with  a  very  large  bulb 
capable  of  receiving  wJlbiti  it  the  substances  whicb  were  submitted 


¥ia.  369. 


to  experimeot.  TtoonmUofa  large  glass  globe,  a,  Fig.  3fi9,oftli< 
capacity  of  about  32  fluid  ounces,  provided  iritli  tltrcc  apcrtarai, 
unc  at  the  top  aiid  two  at  the  eidc*.  Lito  one  of  tlie  lateral  cper* 
turea,  b,  ix  fixed  obliquely  a  tube  of  thin  iron  ur  of  platiuunij  doMd 
at  tite  bottom  ;  oud  into  tlus  tube,  nhicli  is  called  tbo  miifk,  it 
introduced  another  tube,  r,  of  vorr  thin  glaw,  coiitaimtig  tlXMit 
atonccs  which  arc  to  be  tubmitted  to  cxperitncnt :  tbis  glass  tnbe  ii 
fitted  into  the  metallic  tube  by  means  of  acorkfCf;  a  small  qnastit} 
of  mercury  is  pUoed  within  tlie  muffle,  the  object  of  this  csfiedicnt 
being  to  trousfnit  the  heat  rapidly  from  the  glsu  tnbe  to  liie  body 
of  the  calorimeter.  Tlie  tecond  lateral  apertun:,  r,  tcrmtnata  ia  a 
neck  which  \»  curved  verticallj  upwards,  and  into  which  is  cesMnlad 
the  bent  extremity  of  a  horizuiital  citpillary  tube,  /,  of  Doifium 
bore,  open  at  both  ends,  and  18  or  20  inches  iu  length  :  by  mouu 
of  ttiis  tube  tbo  cliaiiges  io  volume  of  the  mercury  can  be  mea- 
sured upon  the  scale,  g  i/.  Through  the  upper  npcrtarc  of  ths 
globe  passes  a  steel  piston,  h,  moved  by  a  screw,  by  which  meam 
the  coIuDiD  of  mercury  in  the  capillary  tube  can  be  reduced  at 
pleasure  to  the  zero  of  the  scale.  The  globe  U  itself  cncloaodiai 
wooden  case,  k,  lined  with  swartVdown  in  order  to  dimtnuk  tbt 
disturbing  effects  of  extenisl  changes  of  temperature. 

The  value  of  the  amount  of  espansiou  indicated  was  at  ooM 
transformed  into  unitf  of  heel ,  by  ascertainiug  tbo  amount  of  cl- 
pansiou  produced  by  the  oouliug  of  a.  given  weight  of  water  fN» 
the  boiling  point,  to  a  measured  degree  of  temperature :  by  aalu> 
plying  the  weif^ht  of  water  in  grammes  by  tlic  number  of  dcfiM 
Centigrade  which  it  had  lost  in  cooling,  tbe  nuiuber  of  mJ^V 
ttetU  was  Bscert^ned ;  since,  by  oar  deSaitiun,  a  unit  of  hot  it 
the  quantity  of  heat  required  to  raise  t  gramme  of  water  i''  C  Tkl 
■lumber  of  iueUea^  xtUvchthn  mercurial  columu  had  advaocidiD 
the  capiiltir J  luW  ^ttiwi^  'Or'i  a^t^'vwsk  ■«■»».  vwrsx.  -uxncatdlT 
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Lsured;  and  bjr  dividing  tliis  measured  column  hy  the  nnmber  of 
Meat  aaite,  the  initnimeitt  wai  gruliiated  m  u  to  enable  the 
lobKrvcr  to  record  at  once  the  numl)cr  of  untta  of  beat  diaec^^aged 
lor  absorbed  during  any  chemical  change. 

I  Thi«  ii[>i)Aralus  is  good  in  principle,  but  it  is  open  to  certain 
r  objections  in  the  mode  of  its  construction  : — the  sidea  iif  the  glass 
[  n-»9el  arc  neoesaarilj  thick,  to  etiahle  it  to  mstaiu  the  lar;^  weight 
lof  mercuiy  with  which  it  is  lillcd ;  the  gliuM,  therefore,  ca.unot 
liapidly  and  certainly  adjust  itself  to  the  temperature  of  the  hot 
I  mercury  with  which  it  is  in  contact.  Moreorer  the  tabes  arc 
Memented  into  the  three  O|)ontag«  irith  mastic  or  marine  glue. 
rThe  apparatus,  to  work  wpII,  should  hare  been  filled  like  a  l>aro> 
I  meter  or  thermometer,  siuce  the  ^lescuce  of  even  a  small  bubble 
[  of  air  would  materially  affect  the  accuracy  of  the  results.  It  is 
[true  that  it  is  stated  that  the  globe  was  filled  with  mercury  in 
[vacuo,  but  with  cemented  joints  this  precaution  would  soon  lie 
ueodered  useless.  It  is  therefore  necessary  in  estimating  the 
I  amount  of  confidence  due  to  the  results  obtained  by  its  aso,  to 
ll>cttr  in  mind  ihen;  possible  sources  of  inaccuracy.  This  19  the 
Imore  necessary,  since  it  is  principally  in  the  numbers  obtaiued  by 

■  the  use  of  this  ,t|>))aratus  that  the  results  of  Favrc  and  Silbermaim 
I  differ  from  those:  of  .-Viidrcws.  At  the  same  time  it  is  to  be  re* 
I  marked,  that  the  results  published  by  the  French  obeervers  appear 
I  to  be  very  consistent  with  each  other. 

I  (1538)  On  the  [feat  evolved  during  Metallic  Precipitathru. — 
1  On  the  other  hand,  it  must  be  stated  that  the  varied  and  careful 
I  experiments  of  Andrews  {PHI.  Trara.  1848)  upou  the  heat  evolved 
[  duriug  the  precipitation  of  scveml  raetaU  from  their  Aalts  by  the 
I  action  of  other  metals,  furnished  nucnerical  resultR  differing  from 
I  tfaoae  calculated  by  Pavre  and  Sillicrmann.      In  the  experiments  of 

■  Andreirs,  the  oorrcctious  required  are  not  in  all  cases  completely 
ItiDder  esnct  experimental  control ;  in  the  displacement  of  copper 
lt>j  lead  the  correction  amounts  tu  one-eighth  of  the  whole  incre- 
Baent  of  heat,  but  in  other  instances  the  correction  ie  trifling,  not 
kxceeding  onc>fi(ticth  of  the  amount  of  hcnt  CTolvcd  ;  the  numbers 
mbtoioed  are  luiitually  consistent.  An  addition&I  te^t  of  the 
Kccuracy  of  this  method  is  afforded  by  the  data  furnished  tn  two 
piflerent  aeries  of  experiments  up«)n  the  amount  of  heat  obtained 

diirii^  the   precipitation   of  copjw'r  by  aine — the   eorreaponding 

■iiimbers  in  both  sets  of  experiments  agreeing  very  closely  with 

fcnnli  other.     In  tlie  first  set  of  experiments  metallic  copper  was 

Lrecipitated  from  a  Btrong  solution  of  its  sulphate  by  means  of 

■dnc,  in  a  small  glass  Teasel,  and  the  heat  cstLmated  U^  t\v%  -raft^  c& 
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temperature  cxpcricuced  hj  the  water  of  a  calorimeter  id  wI 
tliv  gtM*  V(>SH>1  vas  coutuDcd :  in  the  *ccoaiI  verico,  « 
KtlutioD  or  tiulphnte  of  copper  vsb  emplori-il,  snil  the  best 
mcn-iiirfd  by  the  rise  of  temperature  cxperieDced  bf  tbo  Uqtod 
iUcir.  The  meau  of  4  expcrimpnts  by  tlic  first  plMi  gn»c  864  «• 
the  number  of  unit«  of  heat  evolved  by  the  precipitaliuo  uf  eaeh 
gramme  of  copper  from  ita  sulphate;  wbilst  the  mean  of  j  cxpcri- 
meDt&  u|Miu  the  latter  method  was  868. 

The  folloviiig  ore  the  numbers  given  by  Andrews,  but  be  lua 
purposely  abstained  from  any  attempt  to  deduce  from  them  the 
amount  of  heat  developed  during  tbe  indirect  oxidation  of  the  metal 
which  acts  as  the  prccipilaut : — ■ 


Table  of  Heat  evolved  dvrvig  Metallic  Precipiiatutna. 


« 


r  JjrMiptUIIDI  I 


S«lu  of  Copper  l>y  Ziaa  . 
8*lu  of  Copper  by  Iron  , 
Sails  of  Capper  by  L*a6, . 
Salts  of  Silver  by  Zinc  . 
Salts  of  Silver  bv  Cojjjier 
SsIUofLMaiiy  Zmr  .  . 
SalU  of  Mercury  liy  Zino 
SalM  of  VlntinDcn  by  Zinc 


Vwnt  of 
|ir«o*|-^UUd 


I      VnlBBfhMi 


Fori        TVf 


Copp«r 
Copper 
Copper 

SllffT 

Silver 
L<>>d 
Mt-rcory 
1' latin  g  CO 


966 

101 
181 


4S9J* 

laS 


Zmc 
Iran 

Zioo 

Cnpper 

Zinc 

Zine 

2iae 


S4: 
1430 


In  these  experiment*  «  known  weight  of  finely  divided  ria^i 
na,  lead,  or  copper,  aa  the  case  might  require,  was  mixed  with  4 
lutiou  of  the  salt  to  be  decomposed  ;  taking  caro  that  Uie  OWtal 
"employed  was  nlwoys  mure  than  sufficient  completely  to  dceoa* 
pose  the  salt  in  ftolution  :  the  rise  of  temperature  which  oocune^J 
vas  noted  with  tbe  usual  precautions,  ^H 

Andrews  stnte*,  as  tbe  result  of  a  large  number  of  eiperiin«t*P 
bat  the  quantity  of  beat  developed  duriug  the  mutual  aetiou  of  tk 
ime  pair  of  metals  ia  the  Mme,  wfaen  an  cfjuiTaleut  of  one  mcltl, 
"a,  di«placOR  another  metal,  b,  from  any  of  its  salts,  whatever  say 
be  the  acid  of  the  salt  eni|)loycd,  prorided  that  a  is  in  the  oM 
state  of  oxidation  in  esch  of  the  compounds  submitted  to  csperi* 
ment.  But  if  a  different  metal  l>e  employed  to  effect  the  prwip-' 
tation,  the  amount  of  heat  evolved  is  difierent  Thua,  whetha 
chloride,  or  8id|Jiate,  or  acetate,  or  formiatc  of  ooppur  be  pnop^ 
tilted  hy  nine,  the  qiuintity  of  heal  developed  in  each  caae  for  ctctj 
equivalent  of  copper  is  scugibly  the  same,  vi^.,  2745a.  But  if 
auliatUuted  \w  i\'QC  w  >lV<£  ^\^')\^Mton  of  the  copper, 
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lODtit  of  btat  is  dtffcrciit,  fix.,  i')7jO  i  though  iron  evolves  tbo 

pe   amoiuit  of  beat,  wlieiher  tlie   sul]ikate  or  tite  chloride  of 

■per  \)r.  employed.     The  principle,  tint  tlie  tiuaiitity  of  heat  Acve- 

feA  during  the  mutual  action  of  the  sumc  ptkir  of  metals  ia  alvravs 

■  same  vhatever  be  the  nature  nf  the  acid  contained  in  tlie  salts 

Mloj'ed,  biu  sioce  bcca  tsAumcd  hy  Favrc  and  Silbcrmann  in 

pt  calculatioiut.     If  tlio  mctAla  lie  arranged  in  a  list,  l>c^ni)iiig 

lit  tliofio  which  emit   the   largest  amount  of  lieat  vrlica  umm)  as 

icipitAiitB,  tlic  order  in  which  ihcy  will  iUmd  is  the  folLoiring — 

ic,  iron,  lead,  copper,  mcrcunr,  eilver,  anil  platinum,     Now,  it 

HI  be  remarked  that  thtA  U  exnctly  in  the  electro>cheinicul  order. 

Be  being  the  most  c1cctro-po«itire,  and  platinum  the  mostclectro- 

Mtivc.     Another   iut(T«ting   ^wint  of   roniicsion   between  the 

brtnal  aud  the  electrical  pheiioineiia  exhibited  by  the  mctAU,  ts 

[bo  obnorvcd  in  the  fact  that  the  nature  of  the  acid  contained  ia 

^^It  which   is  unilergoiiig  decomposition,  docH  not  influence 

^B  its  thermal  eqatvalent,   or   tlie  electro- motive  force  (228), 

Wma  ft  exertft  when  employed  in  the  production  of  voltaic  action. 

I  The  following  remfu-kalilc  coiietusiou  was  daluc<-d  by  Andrews 

kn  these  experimcnta : — If  three  nietal«,  a,  b,  and  c,  be  so  rvlatc<l 

U  A  ia  capable  of  di'^phcing  n  and  c  from  their  eonhiDationa, 

n  n  he  bIxo  ca|Miblc  of  displacing  c,  the  heat  dercloped  by  the 

pttUutioti  of  A  for  c  will  be  exactly  ejiial  to  chat  developed  in 

b  Bubstittition  of  a   fur  o,  together  witb  that  developed  io  the 

Kktitutioo  of  a  for  c  : — 

I  n<M  Ouiu, 

I      Thus,  1  equivalent  of  lead  displaced  by  aiuc   =    iSiJj6 

I  I  equivalent  of  copper  by  lend    .     .     =      8488 

I  I  equivalent  of  copper  by  zinc     .     .     ^    ^7344 

Tlic  experimeutal  Dumber  for  copper  by  sine  being  37452 

\  ,Au  aoalogouH  plieiiomenon  is  observed  iu  the  electrical  relations 
■■m  metals  (338) :  when  three  metal?  sach  as  platinum,  siuc, 
BfetnMium  are  arranged  two  and  two  in  their  electrical  order, 
m  dettro-motive  force  generated  between  the  two  extremes,  pla- 
■am  and  potassium,  ia  equal  to  thu  Mtm  of  the  electro- cnotive 
kcea  of  the  pain  pl»tinum  and  xinc,  and  nine  and  potassium. 
L  (l53y)  Caloric  EquivaUnta  of  the  Elemenit. — The  reaulta 
■bed  by  ibc  direct  action  of  oxvgcii,  chlorine,  icdiuc,  and  bro- 
^Bupon  various  elcmmtary  bodies,  arc  summed  up  in  the  fol- 
^K  Table,  in  which  the  numbers  given  indicate  tlie  qoaniity  of 
lit  tn'ulved  by  the  (ininn  of  equivalent  quantitiea  of  oriygen, 
iloriuc^  iodine,  and   broiaiue,  with  each  dement,  taking  as  the 
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auaAuA  of  comptmoo,  tbeQataberofgnmmea  of  water  uc^< 
which  would  he  rWM-d  to  i'^  C,  bjr  Uie  cooilwtioo  of  l  gnuni 
kjilrogtm  in  oxrgen.     The  qiuntities  of  Imt  Aqm  0wea  oot 
iMBliI  br  PivK  and  Silbcrmann,  the  calorific  t^/mtrnttnU  oT  the 
dHhntit  eleioctiu. 

Ilie  DBtnhcn  to  which  «n  A  M  prefixed  ire  thoce  of  Aadrev*; 
F.  S.  indicate  those  of  FsTre  and  SUbennaon :  when  kn  uUrak 
k  prcfiied  to  any  number,  the  result  tukt  been  otlculftted  b^  iaduwl 
netbodt,  apon  the  [inuci[vle  alreAdjr  ciplaioed  (p.  906)  • — 

Calorific  Eguipaltnlt  0/  varioma  Eitmemts, 


OhwM*    •  I 

Siilpbar    .  . 

PaotplionM  ■ 

Potmmum.  . 

Ditto .     .  . 

Soohnn     •  . 

Zino     •    ■  . 

Ditto .    .  . 

Imb.    .    .  . 

DlUo.    .  . 

Tin  ...  , 

Anraid     .  . 

ARtimrmj .  . 

Copper .    .  . 

Ditto  .    .  . 

L«wl     .    .  . 

BilTor  .    .  . 


F.8. 


A. 

A. 

A. 

A. 
F.B. 


Dnioag. 

IV 

F.8. 


Oxjtm. 


aw"*' 
24140 

i7;6o 


)    4a>Bi 

33519 

ITooo 

•0113 


»n»s 


104476 

"30196 

24993 

A.  30401 

^5»4 


•93" 
40tf«o 


•i5<ii8 


r-3w 

96617 
8o4( 


•33108 


^: 

ffeoi  Umla  evoteed  by  Ihe  Cambinmiiom  tjf  l  gywrnlad 

AND&BWg. 

Jin 

AoMh 

hUab 

B«4*. 

BwTt*. 

mate. 

.lr 

LhM. 

Bk 

LmA. 

mm. 

f^  1 

KOalptmria    . 

if9ao 

i**oo 

■<■ 

'»« 

i»,t«» 

... 

iiSeo 

■»i 

•*■ 

iUH% 

Kalphoniu  . 

14(00 
MlOB 

>.. 

... 

... 

•*- 

■  «* 

14000 

14000 

14700 

tlMO 

IJJOO 

rS7» 
15500 

lOJOO 

89M 

690B 

s»' 

ArKdH  .     . 

14 100 

1J900 

»-» 

iiioe 

■  h- 

.»F 

--■ 

... 

Hjilnichlorie 

I4J0O 

1*700 

14700 

I190O 

17700 

*»• 

10600 

... 

uMv 

njdrotiroiDio;    ... 

... 

*•- 

... 

... 

Bjdfiodie    . 
Chronlo .    . 

14100 
14000 

t4roo 

•4700 

11900 

... 

... 

$$0» 

— 

- 

I44OO 

r46oo 

... 

■  *4oe 

... 

IBI 

■;■    ,  ■  -1 

Aortb     .    . 

13800 

•  j»oo 

13700 

11900 

... 

«59oo 

„. 

fioo 

1 

Tonnio    .     , 

13900 

-.. 

.>• 

... 

-" 

_ 

1 

T»rt>rie.     . 

IJ30O 

ri^oo 

KtOO 

*■• 

< 

Citric.     .     .    13100 

ligoo 

... 

ItOOO 

... 

>•* 

-• 

__ 

.:        1 

fiii(>nDiC  .     .  1  lUfiO    II9Q0 

1 

\  -  V"" 

V" 

i - 

- 

-l-jj 

IteTELOTKD  DritINO  rnuntMATtOn  OP  ACIDS  niTH  BASES.   913 

From  Ba  eKamiuiitiou  of  tlic  forr^ing  Tnhle  of  calorific  cquiva- 
>rit  trill  be  obfious  tliat  ilie  temponture  evolved  in  tin;  net  of  com* 
itioii  nwB  higliwt  in  those  cases  in  wliich  tlip  chemical  affinity 
■c^ii  ttie  two  clt'ui<nite  is  the  stroDgest,  and  wliere  tlie  compound 
■  Uic  grentest  stability.  No  definite  qunntitutive  cxpre*uon 
.  ■.»■  which  regulutcs  tbc  evolution  of  beat  during  combination, 

fc  .ever,  be  ilcduiiwi  fniin  these  niiniWs,  owing  lotheTirietj 

disturbing  cau»e«(t47lt}«r[i oil  bodicsarc com  pared  in  the  )K>I id  BUte. 

( I  j;4o)  On  the  Ileal  ftevrloped  during  the  Combination  of  Acids 
th  Btun. — A  cartfnl  and  extensive  scries  of  expcrinicnts  upon 
C    Iicnt  dci'cloped   duriitg  tli<-  MkturiLtioii  of    dilute    Noltiliunn  of 

iorctit  acids,  by  each  of  the  more  important  bu^es  with  wliich 
By  form  soluble  compounds,  iras  published  by  Andrews  in  1841, 

■atu.  Hoy.  frith  Acad.,  vol.  xix.  Piirt  11.)  In  tbow:  exp*nnii:nU, 
Blight  exce*a  of  acid  was  purposely  employed  ;  the  bases,  wlicre 

WA»  poMiblo,  bcin^  in  a  sUto  of  K)1iition.  When  the  bosca 
a  in  the  insoluble  form,  the  licnt  ob^ervwl  iit  of  course  lower  than 
at  due  to  tbe  cliemical  action ;  a  portion  bciug  absorbed  in  tbo 
Msage  of  the  Ikisc  from  the  solid  to  the  Ufitiid  condition  ;  but 
iDoagli  the  quantity  of  liciit  »o  abnorbud  is  unknown,  this  (iinount 

coiutanl  for  tbc  same  base,  and  therefore  the  oliscrvcd  result* 
liained  for  the  combiiiatiou  of  ctjuul  wci{;hU  of  this  base  with 
iflerent  acids  arc  mutually  coiupnrablc.      A  re»um^  of  tins  subject 

gircn  by  llic  samu  anlhor  in  a  "  Ke|)ort  on  the  Heat  of  Combi- 
Itioo,"  published  in  tlic  Rejmrt  of  the  British  Association  for  1849, 

69.     From  tiiewc  eJii>erimcms  it  appears; — 


mnentioifit  Bases  with  t  Equivalent  of  cfrtain  Acids. 
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1.  "  Thkt  an  cquimlent  of  tHc  ume  bue,  oorabined  «ith  iii- 
fereot  iicidx,  pradiioea  nearly  the  eanie  ((u&ntity  of  lient. 

3.  "  An  cqtu^tllent  of  tbc  same  acid,  couibiuul  with  diffi 
btMK,  produces  diRbrcnt  amonnts  of  hcnt. 

3.  "  Wlici)  a  iieiitml  &alt  is  converted  into  aa  acid  salt 
combinittg  with  one  or  more  equivalente  of  an  acid,  no  dt 
gtf^oueiit  of  heat  oocnrs. 

4,  "  When  n  double  tialt  is  fbrinetl  by  the  union  of  two  oeutnl 
salts,  no  iltsvngogcaieiit  of  beat  occurs. 

j.  "  Whcu  n  neutral   »alt   is  eoiivcrtwl   into  a  hatac   salt,  tV 
combinalion  is  accompanied  by  the  (HsengRgement  of  hcnt. 

iS.  "  When  one  and  the  same  bane  displaoes  another  fron 
of  its  neutral  combinntious,  the  hnt  cToIvcd  or  absorbed  is  al 
[nearly]  the  snnip,  whaturer  the  arid  element  may  be."* 

The  resulla  of  Favre  aud  Silbemiami  lead  subatantJall, 
slniilar  coiiclusioDa,  though  the  absolute  quanliticB  of  heat  w 
thoy  obtained,  in  many  ca»e»  differ  oniisidcmbly  from  those  pub- 
lished by  Audrens,  The  Table  vliieh  is  givuu  ou  the  prcccdi^ 
page  indicates  the  amount  of  beat  obtained  by  both  obserren  by 
combining  i  equivalent  of  each  of  the  diRcrent  bases,  with  e»A 
acid,  the  acid  Imiiig  always  very  slightly  in  excess. 

lu  the  preiteiil  stage  of  our  kuowledge  ujxm  tliis  sutgcct,  r> 
a}>pcars  safest  to  stato,  that  the  quantity  of  beat  eniitlcd  duriJ^ 
the  act  of  comhinatidu  of  e(iuivaleat  quantities  of  differcii! 
with  a  given  boKe,  although  ueorly  Ihv  vame,  is  not  rigi 
They  might  probably  \)V  arranged  in  i*oihermic  groups,  s»  foJlo 
— tboM;  which  stand  first  evolving  must  heat:— 

Wilb  I  Bgl  tt 

1.  Sulphuric  and  sulphnroua  acids     .     .      .  'j9^^ 

2.  Oialic,  nitric,  phoitplioric,  arsenic,  hydro-) 
chloric,  liydriodie i 

3.  Cliromicj  formic,  Hoctio 14OCO — J3800 

4.  Tartaric,  citric,  succinic 13300 


*  Xk«>  author  caunot  h^ro  omit  sdtnowledfing  tlio  IdndaMS  of  kii  bm^ 
Dr.  dniircwB,iiho  liaaruniirlird  liim  irilh  sTablDorhu  cxperimentsl  RNia, 
reduced  Trom  the  paper  in  the  Tmiuaciiuni  tfthe  Soyat  JritA  jM^mylO 
ihi*  hydroufi)  unit,  corrcetrij  f>r  tho  specific  M>at  of  the  •olutioot  etav't'^^l . 
tbit  corrpctioii  is  very  trilliug  iu  siuouut,  but  it  iraa  omit4nl.  u  alalM.  a 
tfa«>  oriK'niBl  pujivr.  Dr.  An  Inm  hst  nUu  Mmtnioiicatci]  to  tbe  snlbo'  tW 
rCTult  of  an  unpublished  corifs  of  iMprriinents  upon  ihr.t  itibjed  uluii 
Ki-re  undfrinkeu  nith  a  riew  of  tlin>H)ni[  liuhl  upon  titc-  diderenee  bets«n 
tlu)  RJiicIiuion*  Rrrivi-d  nt  by  the  French  cheraiils.  sndtluwe  fonMfl;  |*^ 
\if\ied  bj  the  I*raf(>HMr  or  llarrut.  Tbo  fptnrral  rntult  of  tli<«e  mw  oipen' 
tncntii.  which  irvnf  ptrhTmeA  with  tbmnonwirra  0/  i^rvster  delioKr  ^lu  ■■ 
tha  fonact  oodieioa,  aad  wiLh  mlJitioaAl  prA-suti<)(U  to  sroid  error.  euaMm 
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The  bases  also  differ  in  the  amoDDts  of  heat  which  they  emit 
in  combining  with  the  same  acid,  but  as  only  a  very  few  of  the 
bases  are  soluble  in  water,  their  thermic  powers  cannot  be  com- 
pared in  so  simple  a  manner  as  those  of  the  acids.  Potash^  soda, 
and  baryta  seem  to  be  nearly  isothermic,  whilst  ammonia  is 
decidedly  inferior  to  these  bases.  Lime,  magnesia,  and  the  other 
insolable  oxides  cannot  be  Batisfactorily  compared  with  each  other, 
nntil  the  amount  of  heat  which  is  absorbed  during  their  passage 
into  the  liquid  form  is  known. 

(1541)  QuatUitative  Estimate  of  Heat  absorbed  rfurinj  Solution. 
— Daring  the  solution  of  saline  bodies  in  water,  heat  is  generally 
absorbed  ;  but  in  a  few  cases  where  anhydrous  salts  are  dissolved, 
an  evolution  of  heat  occurs,  owing  to  the  formation  of  a  solid 
hydrate.  The  following  are  experimental  data  fumisbed  by  Favre 
and  Silbermann  upon  this  point : — 

Heat  Absorbed  or  Evolved  dunnff  the  Solution  of  Salts. 


Huns  of  Silt. 


Sulphate  of  potash  .... 
soda  .... 
ammonia  .    .    . 

ztno 

protoxide  of  iron 

potaah-alum  .     . 

ammonia- alum    . 

Bisnlphate  of  pota«K    .     .     . 

CMondeof  potasBJum  .    .    . 

„        sodium .... 

„        ammonium    .    . 

„        calcium     .    .    . 

„         strontiam .    .    . 

„         barium .... 

Bromide  of  potaBsium  .    .     . 

Iodide  of  potaaeinm .... 

NitraW  of  potash     .... 

Boda 

ammonia .... 

lime 

Btroatia  .... 

lead 

Bilrer 


£quiTkleatt. 


87X3 

71  xa 
66x3 

Sogxa 
78x3 

358-5 

136 

74-5 

58-5 

S3'5 

5S"5 

79a 
104*0 
119 
166 
101 

85 
80 

8a 

'PI 
165-6 

170 


Hut  onit* 

tbflorbed  bj  i 

grmionu. 


353 
491 
III 
148 

I3'I 
33-1 

i9'o 
35-6 
519 

/^ 
651 

155 

a4S» 

i6'9 

37» 
39'a 

70s 
45  5 
659 
371 
413 
14-9 
31  I 


HoKt  ftbiort>fld 

bj  I  Eqt.  io 

gruuuas. 


614a 
6973 
"405 
3383 
1839 
5991 
45" 

3481 
3866 

3483 

860 

197a 

1757 
449S 

4847 

7I3I 

3867 

3333 

4355 
3467 

5387 


{1542)  Evolution  of  Heat  by  the  Condensation  of  Gases. — 
During  the  solution  of  gaseous  acids  and  bases  in  water,  a  con- 
siderable evolution  of  heat  takes  place,  which  has  been  estimated 
by  Favre  and  Silbermaun  in  the  following  instancea*. — 

8  N  2 


916        ETOLimON  OT  HEAT  BT  THS  CONDBKUnOM  OT  941*1. 


ITcmeofSak 

Vonnla 

BqtfnlMti. 

KaatDBita 

HMtoili 

Hfdrobromio  said     .... 

80. 

HCi 

HBr 

HI 

H,If 

3? 

>7 

I»r4 

449$ 
335-6 

147-7 
5143 

7705 
10410 

8738 

APPENDIX. 


vUies  conttpand'mg  to  Degrees  of  Bauati's  Ht/drometer 
for  Liquids  heavier  than  ft'ater. 


-Sr** 

SpwUo 

ftpnifli) 

BrMii« 

Ontnr- 

I>ccnM. 

Qnrilj. 

D«CTM> 

Ot»iily. 

Oagntt. 

OnnttT. 

I'OOO 

lo 

1153 

40 

'■357 

60 

I-653 

i-oo; 

31 

I-160 

41 

I-.1&9 

61 

1-670 

I-OIJ 

33 

1*169 

4» 

1-383 

63 

f6Sg 

I-OJO 

'3 

1-178 

43 

•■395 

63 

1-708 

i'OJ7 

>4 

I-18S 

44 

1-407 

H 

1-737 

»'OJ4 

as 

••197 

4S 

1-430 

65 

1-747 

1*041 

36 

i-io6 

4C 

»-434 

66 

I  ■767 

I  048 

'7 

l-Jifi 

47 

1-443 

67 

1788 

I  "056 

38 

I '395 

48 

1-463 

68 

1-809 

I  •06  J 

>9 

'■^35 

49 

I -4;  6 

69 

■  ■83' 

i-oio 

30 

1-^45 

SO 

1-490 

70 

1-854 

11078 

3» 

1-356 

5' 

'■495 

71 

1-877 

I  •085 

3a 

f36j 

5a 

I'a'o 

7> 

1-900 

1-094 

33 

1-377 

53 

"■535 

73 

1-934 

I'lOl 

34 

1-388 

54 

1351 

74 

V049 

1-109 

35 

I-3!)9 

55 

"fl^T 

76 

'■974 

l-llS 

36 

i3'0 

5* 

1-583 

76 

9"O00 

I*ls6 

37 

I -31 J 

57 

1-600 

'■134 

38 

'■333 

58 

1-617 

"143 

39 

'■345 

59 

1*634 

ijfc  Gravities  on  Haumi'a  Scatc  for  Liquids  lighter  than 


K; 

SlwiHr 

ApM«a« 

epMUo 

IV7* 

D>(rcOTL 

nniTiijf, 

uncm#i 

Qnioj. 

V*tnm. 

QnxOj. 

I'OOO 

*3 

0-9 1 8 

36 

0-849 

49 

0-789 

o'993 

34 

0-913 

37 

0-844 

50 

0785 

0-986 

35 

0907 

3« 

0-839 

5' 

0781 

0-980 

36 

0-901 

39 

0834 

5» 

0777 

o*973 

37 

0-S96 

40 

0-830 

53 

0-773 

0-967 

28 

0-890 

41 

0-835 

54 

0-768 

0-960 

39 

0-885 

43 

0830 

55 

0-764 

0-954 

30 

0-8Ko 

43 

0-816 

56 

0760 

0-948 

3' 

o'8j4 

44 

0-811 

37 

0-757 

0943 

3a 

0-869 

45 

0-807 

58 

0-75J 

0-936 

33 

0864 

4<. 

O-Soj 

59 

0-749 

0-9  .JO 

34 

0-859 

47 

0*798 

60 

0-745 

0-934 

35 

0854 

4« 

0794 

liiSBb 


918 


UTIMDIZ. 


The  degrees  of  Twaddell**  hydrometer  are  readily  connrtd 
into  their  correapondiDg  Bpecific  gravitiee  by  multiplyiug  than  ly 
5,  and  adding  looo.    The  following  is  a  abort  Table  of 

Degreea  on  TvaddelFa  Hydnmuter,  and  the  eorreapond^ 
^ec^  Gravitiet. 


Dcgnw. 

BpecUto 
Onfltj. 

Bt^tm. 

DPfOBO 

Otpam. 

entity.    DattMS, 

BpMtt* 

I 

9 

3 

4 

1 

7 

I-O05 
I*OIO 

i"oi5 

I*030 

1030 
I'oas 

8 

9 
10 
II 
13 

>3 
14 

1-040 

i"045 

rogo 

^■055 
I -060 
1-065 
1*070 

\l 

ai 

ro75 
1-080 
1085 

1*090 

»09S 
rioo 
1*105 

33 

as 

34 

35 

I'tlO 
I -I  IS 

i-iao 

1*125 
1-130 

i'3S 
1-140 

Engluh  fVeiffhis  and  Meatvm. — Avmrdvptna. 


GnfaM. 

Pnehmi' 

Onacw. 

Ik 

qn. 

Ort. 

Tm. 

Grain.    . 

I 

Ihvchm  , 

a7'34 

I 

1 

Ounce     . 

4375 

t6 

I 

Pound     , 

7000 

356 

16 

t 

Quarter  . 
Cwt.  .    . 

196000 

7168 
3867a 

448 

38 

I 

784000 

1793 

119 

4 

' 

Ton    .    . 

15080000 

573440 

35840 

3340 

80 

30 

I 

Troy  Weight. 

Onint, 

DwU. 

Obdco. 

lb. 

Gram     .... 
Pennyweifcbt .    . 
Oance    .... 
Found   .... 

I 

34 

480 

5760 

I 

30 
340 

I 

13 

I 

I  cubic  inch  of  distilled  water  in  lir     at  €3"  F.  =  253*456  gnuDs. 
I  cubic  inch  of  dittUled  water  tit  vacuo  at  63°  F.  =  353-733  groiiu. 

OoUe  iDohn. 


r  Gallon                    = 

377-376 

I  Pint                       = 

34659 

J  Fluid  ounce           = 

1-7329 

I  Litre                      = 

61 '034 

I  Cnbio  centimetre   ^ 

0-061034 

1  Cubic  inch  =  16*387  cubic  centimetrM. 
i-oeeoo  ipBTtB  of  ftM  »t  ^1"  F.,  aq-qa2  Bar.  (also  at  33°),  beeoiiw  at  W  F, 
Bar.  30  incoeft  l,aW>  ah  W^  ^  vq«,-\i^  -^nxSa. 


AFFIKDIX. 


sia 


Con^riaon  of  French  and  Bngliah  Weights. 


I  Onmme*  ^ 

3        »  = 

3  ..  = 

4  »  ~ 
S 


Giski. 

15"-I33348 
30-864696 
46-397044 
61739393 
77' 161740 


Gr^ui. 

6Qninmei 

^ 

93-594088 
1 08026436 

I 

It 

= 

II 

= 

"3"458784 

9 

n 

^ 

138-891133 

10 

>i 

^ 

I54"3a3480 

The  weight  of  a  gramme  is  that  ot  a  cnbia  centiiiieta  of  distilled  water 

at  39°-3  F. 


I  HilliKmnme 
1  Centigrantine 
I  Deoigramme  - 
I  Oramme 
I  Kilogramme 


Qniiu. 

O1.AT. 

^ 

0"OI543 

= 

0-15433 

= 

I"S43a 

^s 

IS'43' 

^ 

l543»-348 

=        35'»73 

Ui.At. 


=:  3*3046 


Comparison  of  French  and  English  Measures  of  langih. 


I  Millimetre 
t  Centimetre 
I  Decimetre 
I  Metref 
I  Kilometre 


?=  0-03937079 

=  0-3937079 

=         3'937079 
=        3S»"37079 
=  39370'79 


rwL 


Tardt. 


=  3380899       =  1-093633 

=      3380899  =     1093-633 

Tbelengthof  the  platinum  metre  is  estimated  at  the  temperature  of  33°  F., 
the  Bngiish  standard  yard  at  63°  F. 

1  English  inch  is  equal  to  354  millimetrea. 


Fluid  onaMf. 


Fistt. 


I  Litre        =        353754        =        i'7fi377 
The  capacity  of  a  litre  is  that  of  a  cube,  each  side  of  which  is  a  decimetre. 


2b  Seduce  Oramme*  la  Chain*. 

Log,  Grammes  +  1-188433  =1  log.  Grains. 

2b  Reduce  Cvhic  Centimetre!  to  Cubic  Ineket. 

Log.  oabio  centimetres  +  (~  3-7855007)  =:  log.  Cnbio  inches. 

To  Seduce  MitUmelre*  to  Inchet. 

Log.  millimetrea  +  C— ^SPSi'^t'S}  =  '"g.  inches. 

To  Coneert  Grain*  into  Oramme*. 

Log.  grains  +  (—3-81 15680)  =  log.  grammes. 

2b  Convert  Cubic  Inches  into  Cubic  Centiitetret, 

Log.  cubio  inches  +  1*3144993  =  log.  cubic  centimetres. 

To  Convert  Incke*  into  MUlimetret. 

Log.  inches  +  1-4048337  =  log.  millimetres. 


*  This  determination  of  the  gramme  was  made  from  the  kilogramme  des 
Archives  by  Professor  W.  H.  Miller,  in  fixing  the  national  standards  {Phil. 
'Rrane.  1856,  p.  893). 

t  Ihe  metre  is  a  ten-millionth  part  of  a  quadrant  of  a  meridian  circle  of 
the  earth. 
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Valuet  of  Millimetre*  hi  EngHah  Inehea. 


HUU- 

Bwllih 

KilU- 

BMtm. 

EadU 

HiSi- 
Bwtm, 

se 

I        . 

.    o'03937o79 

45    . 

.      I-7716 

12s      . 

-     4*941 

9      . 

.    0-07874158 

50    . 

.      1-968 

130      . 

.     5'"8 

3    • 

.    0-11811337 

55    ■ 

.     2-i6s 

»35    • 

■    5*3'S 

4    ■ 

•   0-15748316 

60    . 

.    2'36a 

140    . 

.    5'5" 

5    ■ 

.    0-19685395 

65    . 

■    3  559 

145    . 

■   s-ros 

6    . 

■    0-23633474 

70    . 

.    .    2-756 

150    - 

.     5-906 

7    • 

■    0-27559553 

75   • 

•    ■    a-953 

155    ■ 

.     6-103 

8    . 

.    0-31496632 

80    . 

■     .    3'I49 

160    , 

.    6-399 

9    . 

•    o*354337ir 

85    . 

■     3-346 

165    . 

.     6-496 

lO    . 

•    o*3937o79o 

90    . 

.     .     3543 

170    . 

.     6-693 

n    ' 

.    0-5905 

95    • 

■     .    3740 

"75    - 

.    6-8go 

30      . 

•    0-7874 

100    . 

•     •    3'937 

180    . 

.    7-087 

25     . 

.    0-9343 

105    . 

•     .    4-134 

185    . 

.    7-284 

3°    ■ 

.    1-1811 

no    . 

■     .    4'33' 

190    . 

.    7-480 

35    . 

•    »'3779 

IIS   . 

.     .    4-5»8 

»95    ■ 

.    ■    7-677 

40    . 

.    »-5748 

130    . 

.     4-744 

300    , 

.    7-874 

Table  of  the  corresponding  Heights  of  the  Barometer  in  MilUmetm 
and  English  Inches. 


Ui[]i- 

EDBliih 
inoSiei. 

Miili- 

Eneliah 
iacBC*. 

lIiU< 

mcbffl- 

metra*. 

metm. 

matn*. 

730 

=        28-347 

739      = 

=         29095 

758         = 

=     29-843 

7ZI       ^ 

-        28-386 

740      = 

=         29-134 

759      = 

29881 

723 

=        28-425 

741       = 

39-174 

760 

:     29-9^3 

723      = 

=        28-465 

742      = 

=         29-213 

761      = 

=     29-961 

724      = 

=        28-504 

743      = 

--         29-953 

762      I 

=     30-000  . 

725      = 

=        28-543 

744      = 

=         29-292 

763      = 

=     30-039 

726        ; 

=        28-583 

743      - 

.         29-331 

764      r 

=     30-0:9 

737        - 

28-623 

746      =      29-370 

765      ' 

30-118  1 

728        = 

=        28663 

747      = 

I         29-410 

766      - 

^     30-158 

729        - 

28-701 

748      =      29449 

767      = 

=      3o-'97    1 

730        = 

28-740 

749      = 

:          29-488 

768      = 

30-236   1 

731        = 

=        28-780 

750      = 

=          29-528 

769      = 

=      30-276 

732        =        28-819 

751      = 

-          39567 

770      ^ 

=     30-3' 5  ! 

733      ^ 

-        28-858 

752      = 

29606 

771      = 

=      30355 

734      ' 

^        28-898 

753      ^ 

-          29-645 

772      = 

=      3039*    1 

735      = 

=        28-937 

754      = 

=          29-685 

773      = 

=      30433 

736      = 

28-976 

755      = 

=           29-724 

774      = 

'       30-4'j    1 

737      = 

29-016 

756      ^ 

.          29-764 

775      = 

=      30-512    ! 

738      = 

=        29-055 

757      <=      29-803 

1 

AFFKNDIZ. 


m. 


'adlefor  the  Conversion  of  Degrees  on  the  Centigrade  Thermometer 
into  those  of  Fahrenheit's  Scale. 


•Oral. 

'ftb. 

"  Cent. 

-FiJl. 

"Cont. 

"Fill. 

"Ccotv 

'F-h. 

lOO 

— 148-0 

-:i 

-56-3 

a 

35-6 

53 

II7-4 

—  99 

— 1463 

—  54"4 

3 

37'4 

54 

139*3 

— ■  ga 

—  144-4. 

—  41 

-5^-6 

4 

39' 3 

55 

131*0 

—  97 

—  I4S*fi 

-46 

—  50-8 

s 

410 

S" 

133-8 

-96 

—  140S 

—  45 

— 49'o 

0 

4.8 

^2 

"34*6 

—  95 

—  '390 

—  4^ 

—  47-2 

1 

446 

13**4 

—  94 

—  137a 

—43 

—  45'4 

464 

59 

I3«3 

^  93   — 1354 

—  43 

-436 

9 

483 

60 

1400 

—  91   —  i33'o 

—  4t 

-41-8 

10 

50'o 

61 

141*8 

—  9'    — I3f8 

—  40 

—  40-0 

II 

SI'S 

61 

r43'6 

—  go   —  1 3o'o 

—  39 

-38-3 

13 

53-6 

63 

'45'4 

—  89  —  ij8-a 

-3S 

—  S^'* 

13 

55'4 

64 

1 47 '3 

—  88 

— 136-4 

—  37 

-34-6 

14 

573 

Gs 

I49'0 

-87 

—  1 34'6 

-3fi 

-33-8 

12 

590 

66 

150*8 

—  H6 

—  ijxS 

—35 

—31-0 

60-8 

a 

i53-6 

-85 

—  III'O 

—34 

—  ig'2 

)l 

fi2-6 

154*4 

-84 

—  II9J 

—33 

—  374 

644 

*9 

1563 

~ii 

—  117-4 

—3' 

-=5-fi 

"9 

66-3 

70 

i58'0 

—  8a 

—  115-6 

-3' 

-33-8 

30 

68-0 

7' 

icgS 

—  81 

—  H3-8 

—3* 

—  aa'o 

31 

69-8 

73 

i6r6 

—  80 

—  1  la'o 

—  39 

— ao'3 

32 

71-6 

73 

'fi3'4 

—  79 

—  1  lO-a 

—  38 

-184 

33 

73'4 

74 

165-3 

-71* 

—  108-4 

3^2 

— 166 

34 

75'3 

75 

1670 

—  77 

■ — 1066 

-n-s 

3S 

7ro 
78-8 
60-6 

76 

i68*8 

-76 

— 104-8 

—  35 

—  130 

3(1 

77 

170*6 

—  75 

— 103-0 

—  34 

— 11-3 

^7 

7« 

1734 

—  7+ 

— 101-3 

—23 

—  94 

3S 

8x4 

g^ 

174*3 

—  73 

-  99'4 

—  33 

-  7'6 

39 

84-3 

1760 

—  73 

—  W^ 

^31 

-  S-8 

30 

860 

81 

177*8 

—  71 

-  !>5'8 

30 

—  4-0 

31 

8;-8 

63 

179-6 

—  70 

—  940 

—  11} 

3    1 

33 

Sg-fi 

83 

181-4 

-69 

—  y" 

-18 

—    °A 

33 

914 

84 

183*3 

—  fiH 

—  90'4 

—  Sti-6 

—  17 

+    1-4 

34 

93*3 

85 

185-0 

-67 

—  16 

3"' 

35 

950 

86 

186*8 

-  66 

—  S&S 

-IS 

5"0 

36 

96-8 

11 

I8S*6 

-(is 

—  8s'o 

—  14 

6-a 

S 

<,8'6 

190-4 

-64 

-  >!3^ 

—  '3 

8-6 

ioo'4 

89 

I93'3 

-63 

—  81-4 

12 

104 

39 

103*3 

90 

194*Q 

—  fij 

—  jyo 

11 

II'] 

40 

104-0 

91 

lys'S 

—  fi, 

-  77S 

—  10 

140 

41 

1 0.5*8 

93 

197*6 

—  60 

—  76-0 

Z'i 

.5-8 

43 

loj'fi 

93 

1994 

—  5? 

—  74-:i 

jyA 

43 

log  4 

94 

301 '3 

-sti 

—  72-4 

—  7 

19-4 

44 

111 '3 

93 

»03o 

—  57 

—  70-6 

—  6 

ara 

45 

ii3'o 

96 

304-8 

-gft 

—  68-8 

—  5 

130 

46 

114-8 

97 

2066 

—  55 

—  fij'O 

—   4 

M'S 

47 

116-6 

99 

308-4 

—  54 

-653 

—  3 

afi-6 

48 

ii9'4 

99 

3IO*3 

—  53 

—  o3"4 

—  2 

28-4 

49 

I30'9 

100 

31JO 

—  5^ 

—  6r(S 

—  1 

30-1 

50 

I33'0 

101 

3138 

—  51 

-  59-8 

0 

33-0 

51 

1338 

103 

3ii;'6 

—  SO 

—  58-0 

+    I 

Ai-8 

fl3 

135-6 

103 

3i7'4 

■ 

P 

■ 

^^H 

1 

^^H 

1 

^^^^^^^1 

^^^^^^^1 

^^B 

^^_ 

^^^« 

- 

APKCKDIX.                                                  ^^H 

H          Qmrertion 

of  Decrees  on  /Ae  Centigrade  Thtrmomtter  into  ihan  1^ 

Fahrenheit'a  Scale.                                   | 

({WMsurf] 

™ 

^^M 

•€««. 

•FU. 

-CcM. 

■Flk. 

•Cf«. 

-Fifc. 

'Cost. 

r 

^^H 

"04 

31 91 

,„ 

3"0 

306 

403-8 

»S7 

494^ 

49**4 

105 

33  to 

iSfi      3U'8 

»; 

404-6 

3S» 

^H 

lOb 

911-8 

157  SM'*! 

158  [   3i«'4 

308 

4«4-4 

'M 

«8-3 

^1 

«07 

3346 
31«'4 

M9 

40H-3 

fioo-o 

^H 

108 

'59      3'*» 

310 

4100 

a6i 

60'-8 

^^ 

to<» 

3i8-a 

100      3300 

311 

4ir8 

a6> 

BOS'* 

^H 

110 

3300 

161        3ii'6 

311 

4'36 

363 

S0ff4 

^H 

III 

asi-H 

163       3336 

313 

4IS'4 

>«4 

eoJ» 

^1 

II* 

>33'6 

163       3*3  4 

314 

4173 

aisl 

S09* 

^M 

"3 

'354 

164 

3»7' 

"5 
310 

4190 

6'»< 

^M 

114 

'31* 

165 

3*9» 

4»0-8 

368 

SI  3-6 

^M 

\\l 

>3!>0 

330-5 

3IJ 

433-6 

5' 44 

^M 

3408 

:a 

33J* 

318 

4344 

369 

516-a 

^M 

\\l 

J4J-<i 

.J3-»"4 

319 

436-3 

ajo 

Sift* 

^H 

M4-4 

.69 

33*''' 

330 

4380 

aji 

819* 

^1 

119 

3^6  3 

170 

jV^o 

331 

4398 

353 

531-6 

^H 

110 

J48*o 

•7' 

AW» 

3)3 

431*' 

373 

s^i-* 

^1 

131 

1408 

'7» 

341'' 

"3 

4334 

374 

6»5-» 

^1 

lai 

»5i  ■« 

'73 

3434 

334 

43SS 

37s 
376 

Caj-o 

^M 

iJ3 

3S34 

'74 

345' » 

"A 

^S 

^* 

l»4 

355> 

«75 

3470 

126 

'77 

S30-* 

;;i 

J.'.;-© 

176 

34S-8 

III 

440'6 

378 

S3)'4 

^ 

3588 

3Jo6 

44' "4 

'M 

E34« 

■ 

'M 

ato-6 

35J4 

339 

446  ■<> 

6360 

^ 

>*»■* 

*19 

354-3 

330 

381 

657-8 

139 

3<4» 

1660 

lio 

3r."*o 

'3' 

4478 

>83 

5»^ 

130 

i«t 

35;'8 

333 

4496 

383 

S*14 

131 

>678 

18a 

359*6 
3* '"4 

'33 

4514 

384 

5*3* 

J 

tja 

t6y6 

l«3 

334 

453'a 

!^ 

^1 

■ 

133 

aii-4 

1H4 

3$3> 

'35 

4.W0 

■ 

^^^^H 

■34 

»73» 

189 

3«50 

336 

4568 

'!i 

6*8« 

^B 

136 

:??? 

3*6-8 
36S6 

»37 
J3« 

458* 
460-4 

388 
389 

550-4 
SSi' 

•% 

32:! 

370'4 
37»' 

>39 

340 

463*3 

390 

391 

554* 

sas-? 

"39 

183-3 

190 

3740 

341 

4*58 

393 

557* 

MO 

284-0 

191 

373*8 

343 

4676 

393 

559-4 

^ 

141 

185-8 

191 

377<' 

>*i 

4^4 

^94 

55i-» 

■ 

143 

J87IS 

193 

3794 
3613 

344 

471' 

196 

363-0 

n 

'43 

a«94 

194 

346 

4730 

i^-fi 

144 

3(^1 '3 

'95 

3^iO 

474-8 

^ 

143 
146 

3530 

196 

3»48 

347 

4,66 

5«-4 

«)4-8 

'52 

38ft  6 

348 

478-4 

399 

S70' 

148 

I<j(>fi 

198 

38^*4 

349 

4H0-) 

300 

S7''o 

*9»'4 

'•}•> 

390'J 

350 

4H3'0 

3«" 

s;3-8 

'49 

300-3 

2W> 

39»-o 

351 

4833 

30a 

573'* 

'5° 

3030 

301 

393S 

'5' 

4K56 

303 

5774 

<S' 

3038 

30) 

3956 

353 

4874 

304 

579> 

»5> 

3056 

'03 

397*4 

'54 

4893 

iS 

6!''1 

153 

3074 

3«4 

399> 

355 

4910 

«^*1 

^H 

>54 

309-3 

305 

40  [*o 

356       4S""'* 

3«r 

sa*-'' 

1 

^ 

^ 

t       g^^^^^^^^^^^^^^^^^^^^B 

ATFINDIZ. 
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Hwnon  t^  Deffreea  on  the  Centigrade  Thermometer  into  those  of 
Fahrenheit's  Scale. 

[ClMtMIMd.] 


"CCBI. 

"FWi. 

■Cent. 

'Fth. 

"Cant. 

•TiJi, 

"  Cant. 

•Fit. 

308 

58«-4 

330 

6i6-o 

35' 

663-8 

480 

896 

309 

S88-a 

331 

fiz7-3 

35' 

66s-(5 

490 

914 

310 

5900 

333 

6i^'6 

353 

^T'* 

600 

93^ 

3" 

59' 8 

333 

631-4 

3-.4 

06  93 

Itl3 

3»» 

5936 

334 

^33^ 

355 

67  10 

700 

I39J 

313 

5!)5"4 

335 

0.150 

350 

672-8 

bm 

1473 

3'4 

597"3 

33^ 

6368 

357 

674-6 

90a 

1653 

3'S 

5990 

337 
33« 

6386 

358 

676-4 

lODO 

1833 

gifi 

6<»-8 

640-4 

360 

678-1 
fiSo-o 

■  100 

aoi3 

3«7 
3>8 

6044 

339 
340 

643-3 

644'o 

t>po 
1300 

3193 

370 

69s 

319 

fio6'3 

341 

6458 

380 

7.6 

1400 

ass  a 

3ao 

6080 

343 

647-6 

390 

734 

1500 
1600 

37.1a 

3" 

6og-8 

343 

649-4 

400 

75> 

3913 

3" 

61 16 

344 

651-3 

410 

770 

IjOCh 

3093 

313 

fi[3'4 

345 

653'0 

420 

7S8 
806 

iSoo 

3173 

3H 

6153 

3415 

654-8 

430 

1900 

34.')' 

3»5 

6170 

618S 

347 
348 

65(i-6 

440 

834 

2000 

3^3= 

336 

658-4 
6603 

450 
46  a 

843 

IIOO 

3S13 

115 

6kj'6 

349 

860 

92GO  ' 

3923 

633'4 

350 

663-0 

470 

878 

3300 

4173 

339 

634'] 

QHanlitir.1  of  Abtntule  Alcohol  htj  Weight,  in  Mtztarrs  of  .4tol 
and  \yalar  <j^  the  fotlovittj/  Sjttc\fie  GravUlea  {Drinhcetcr)  t- 


Um/M 

ilMhol 

aImM 

Akohol 

Ab4M' 

itwr. 

SpKik 
«r»rtiT 

la  iM 

Untlir 
■i*vr. 

9p«elBe 
Ormti 

4.' 

••HI 

p»t>~ 

fArta- 

I  I-'i^ 

|»«« 
570 

1—    , 

i-oooo 

O'OO 

0-9967 

T78 

■9934    3  67 

•9901 

-9869 

I«5 

•9999    0-O5 

-9961S 

1-83 

•9933    373 

■9900 

5-77 

-9S6S 

7-9>] 

•9998 

o-ii 

■99*3 

11S9 

•995*    3'78 

•9899 

5*83 

■S>8*7 

7-9» 

•9997 

O'ifi 

•99*4 

194 

■993" 

3-84 

-9898 

589 

■VS66 

S^ 

•9996 

o-ii 

■99«3 

199 

•9930 

3-gO 

■9897 

5  "96 

■9»fi5 

8-ij 

■9995 

o'a(i 

■99*3 

'■05 

■9939 

39^ 

■98,<J 

6-03 

■9864 

«J0 

•99*)< 

0-33 

■9961 

Jl  1 

■9928 

403 

9893 

6-09 

■98(i3 

81J 

•9993 

6'37 

■9960 

31J 

■99s) 

408 

■9894 

615 

■9863 

8-34 1 

•999» 

0'43 

■99SV 

3-13 

■9936 

4'4 

•9893 

6'33 

■986 1 

S-4' 

■9991 

0-47 

■9958 

2-38 

■9935 

4-10 

■9893 

6-39 

■pSAo 

M 

■9990 

o'sa 

■9957 

2-34 

■9934 

4-37 

■9891 

635 

■9859 

8-3sl 

•9989 

o*5« 

■995* 

s-39 

■99»3    4  33 

9890 

643 

■9858 

8<?' 

•9988 

0-64 

■99S5 

2-45 

9933  ■  4-39 

'9889 

649 

■9857 

8'7U 

•9987  1  0-69 

■9954 

3-3I 

•9931  1  4*45 

■9888 

655 

■9856 

8-w 

■9!)86    074 

"9953 

2-57 

■9920,4-51 

9887 

6-63 

■9^55 

8-a| 

.9985  1  o-J*o 

■9953 

3-6  i 

■9919 

4 '57 

-988  li 

0-69 

■9«S4 

S'9H 

■9984 

0-85 

■99  5 » 

3-68 

-99.S 

4-64 

■98«5 

675 

■9833 

8'J*T 

■9983 

0-91 

■9950 

374 

■9917 

4-70 

■9884    683 

•985= 

9-oS, 

•9983  \  0-96 

•9949 

370 

'9916 

4-76 

•988 1    6-89 

•9851 

9-ii 

■9981 

I'oa 

■9948 

3-85 

■99'5 

4-83 

■ym's  6-95 

■983a 

9']frl 

'9980 

ro; 

■994J 

2-91 

■9914 

4-66 

■9881  '  ;02 

■9849 

94 

■9979 

1-13 

■994* 

2*97 

■9913 

vn 

■9880    7  -09 

■9848 

9'jl 

■9978 

ri8 

'99  ir. 

303 

-99  r  a 

5-01 

■9879    7'6 

■9847 

944 

•9977 

1-33 

■9944 

3-08 

■991 1 

5-07 

■9878  ,  7  33 

9846 

9'4n 

■9976;  ''9 

■9943 

3»4 

■9910 

5-'3 

■9877  ;  V30 

■9845 

9-3* 

•9975 

1-34 

■y94a 

3-20 

•9909 

5  30 

-987 (i    ;-37 

■9844 

9-03' 

•9974 

1-40 

■9941 

3-26 

•9908 

5-36 

■987  5,  7  43 

■9843 

970 

■9973 

'■45 

•9940 

3-3» 

■990- 

5-33 

■9874 

750 

■9843 

978 

■9973  1  i"5' 

■9939 

337 

9906 

5'39 

■9873 

7  57 

■9841 

r^i 

•9971  I  r5« 

•9938 

3'43 

'9905 

5-45 

•9873 

3-64 

•9840 

9-V 

•997  » 

1-61 

•9937 

3*49 

■9904 

5a' 

■9871 

7-3 1 

•9839 

9-» 

■9969 

1-67 

■9936 

3T.5 

■9903 

5-58 

■9870 

7-38 

9838 

IffOj 

•996» 

1-73 

■9935 

3-6» 

■990a 

5*4 

This  l^blc  18  founded  on  s^nthetit!  experimeuts,  m  «t 
eloveu  diflcrcTit  mixtures  of  alcohol  and  water  were  onsilc,  cont 
ing  respectively  0-5,  1,2,3,  4.  5>  ^>  7.  8,  9,  and  10  per  cent 
alcoliol  hy  weight :  the  alooliol  entplo^cil  tiftd  &  s|)eci6c  gmntj 
cr7938  at  60°. 


^g~  '^  - 1 

Proporlio}*  ofAbsoUtte  Alcohol  by  Wfighl  in  loo  partt  of           ^^| 

Spirit,  of  different  Speci^fic  Gravitiet  at  60*  F.                     ^^H 

(Fowues.     Phil.  Trana.,  1847.} 

■ 

llMkol 

kleohnl 

BpMHa 

AWnhol 

^fOJU 

Ateebal 

•pwMt 

^H 

"■*"'■ 

■atMOI. 

MrcotL 

OnTiijr. 

[ifrtaBt. 

Onn^. 

1 

*»'5 

1*0000 

»5 

•9653 

5' 

'9160 

76 

■8581 

0          ^(jgi 

16 

•0638 

5» 

•9 '35 

77 

-8557 

^^H 

I         -9981 

»7 

•9623 

53 

•9".1 

78 

■8533 

^^H 

a 

■9965 

aS 

■9609 

54 

■9090 

79 

■8508 

^^1 

3 

■9V47 

>9 

■9593 

55 

•9069 

80 

■8483 

^^H 

'« 

•9930 

30 

'9578 

56 

■9047 

81 

■8459 

^^1 

5 

■9914 

3' 

•95fio 

57 

■9025 

83 

■8434 

^^H 

6 

■9808 

3J 

■9544 

5« 

*I)OOI 

83 

-8408 

^^1 

J 

■9«8« 

33 

'93»8 

S? 

•8979 

8+ 

•8382 

^^H 

•9869 

34 

'95 '> 

60 

■8956 

85 

■8357 

^^1 

9 

•985.1 

35 

■9490 

5i 

■893-" 

86 

■8331 

^^1 

to 

■3841 

36 

■9470 

62 

■890« 

87 

■8305 

^^H 

K 

■9898 

37 

"945* 

«3 

■Q986 

88 

■8J79 

^^H 

fff 

■9815 

38 

■9434 

6* 

*863 

89 

■8254 

^^1 

»i 

19803 

39 

■9416 

«S 

•8840 

90 

■8138 

^^H 

14 

•97«9 

40 

'930 

66 

•88i« 

9i 

■8199 

^^H 

Si 

•9778 

41 

•937* 

67 

•8793 

92 

•81-3 

^^1 

•97^1 

43 

■9356 

68 

■8769 

93 

■fi>45 

^^1 

«J 

•9753 

43 

•9335 

69 

■H745 

9+ 

■8tr8 

^^H 

«8 

•974' 

44 

■93 '4 

70 

•8721 

or. 

•8089 

^^H 

*9 

-97  j8 

45 

■9J93 

7' 

-8696 

96 

■806J 

^^H 

>o 

■97 16 

*<' 

■92JO 

71 

■8671 

97 

■8031 

^^H 

«i 

•9-04 

47 

■9149 

73 

-8649 

98 

•800) 

^^H 

il* 

•969. 

48 

■9  J  38 

74 

■863.; 

99 

■7969 

^^H 

0 

•9678 

*9 

'9JO6 

75 

■86oi 

100 

7938 

^^H 

f^ 

•96f>5 

50 

•9184 

^1 

[n  Lht3  Table  every  alteroBtc  number  is  tbo  result  of  a  dt 

root          1 

etical  exi>eriment ;  absolute  alcohol  and  distilled  «at«r  being           1 

bod  out  ill  tbc  propt-r  proportioiiSj  nml  misol  \ty  ngitatioo  ia            ■ 

tend  bottler;  after  a  lapsi:  of  three  or  four  days,  each  speci-       ^J 

was   brought  eicactly  to   60**  F.  and    the  spociRc    gravity      ^H 

rnuDod  with  great  euro.                                                                    ^^| 

■V-                                                                                             .                                                   -^^^^1 
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TTPK,  WiTBB. 


Oxina*. 


ttro 


I.  jvuwy  or  tf*r««MJ  tan*. 
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liiilrMa    or   •nntUiriiing, 


S}* 


hyifni*rfc»- 
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I.  IMNOTir  in  ltj4'9M  wUr, 

I.    a>NitAii>y    ur     daJMmt 
*•«* .  •  y ,  luIiiliimi^riU) J-0^, 

(oDjrdridM. 


tlwta 

fivin 

t-iLh 

pcaitiife 

■at 

iMlialaa. 


I       (T«»>«.^}(V 

I  Compound  athftnt,  r^.  tol- 
I  OompcKind  MldoEriU, 


8Dlphid«M  of  aloohol*. 

I.  iViMoiy  nfpAid4,  or  luv^ 
mpdiiu,    r.f.  ■ul}iUi/djidr 

of'UijiSl'l''- 


1.  frnnrfarf  n>li4n,  Or  nX- 

C.11,V 


phid.<f*l7l.gjJii8» 


Siilphidwa  of  •Idabrd*. 


■■>)!>■ 


SnIphldM  of  Mid*. 

I.     Frumff    rmlfStilu,    •-*- 

bidrQ-aaluhocrthu*      ■ci4. 


tS.^t 


8iilpbo«aila.  t-f.  i^bo- 

Oompound  siUshtitMUd 
ttbmn.  'J.  ftMHiMi  or 


Ooai round  aaljdiuTetMd 

■IdehydB, 


OhlorldM 

1     I'ti  u  mt 


CUnrfilai  of  I 

I.  fVfiny 
<hh«.U,  Of'- 


TO»r  DSftntSa/  t^ifioni. 


ni 


W 


MMMie  ffrltitf 


rlyJFMyMit 
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TttB,  AUMOS'IA. 


PhnwkUM.  AnMn4M.Milfl(iMilM ) 
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•2}  = 
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Mltrld«B  of  ■loohdlatorhuH 
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t]' 


r  <«.  oncddr 


1.  Jiwi«4«rr  rfrWM:  f^. 

U  J 

(-■.11,1 
tTMlljU^C.lt.-fM. 

Jlllrldoa  of  nlilehjda- 


g.  r»lMr/   •MtiJm,     (AS  th<H 
<>li>>*H  ar*  14  jM  Dntiiova.) 
VUriOes  of  uids. 
I.  Primary  mVrVJH 


bnc44niJ«, 


■Wdotrtd*. 


■ueoiniuudf,  |C,!l,OJ''(!I,: 


5-  "'•o. 


UppuriowUti  CuR 


II.O.> 


I.   Tw4>an  sMrtif  J  ,  J  J.  dlt»MB- 

c.ir.o,-) 
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(BMk  linfla  mJ  MKviauL) 


Ho««ls  Of  bUM. 
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U«tAts  of  AJoohoL 

I.  n^BiDV  •i«u(i.  or  It^lUM  «/ 


*.  AmvAMf   iHt-iI^  or  alraW 


Btstala  of  alHohTda. 

T,   /Vii.ra     «./„'.,    ur    Jk/Jrtin 

teiunl). 

UMala  or  MltU. 
i.ilua^ynMliiJj.  urlffrawWi.' 

hinlrvcUotir  Mtd,]|  J 1  hfdmf  • 

,,  .vwi^trf  x^itLir  r^lrfjn; 


Ua>  dlTiriOB  nu]-  of  Vante 
•SramAj  nCrrndtu  ulkar  cla.>»i 
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ArPBNDIZ. 


Table  of  the  Tension  of  Aqueous   Vapour  expressed  tn  Incha  of 
Mercury,  at  32°  'F.,for  each  decree  F.  between  0°  and  100.° 


Trmfi. 

Inobei  or 

Ttinp', 

Tucbn  cif 

'Tamp, 

TwichfA  lit 

Temp. 

IdpLhuI 

"F. 

Uervurj. 

"P. 

M  ercurj. 

"p. 

Mimniry . 

'¥. 

0 

00439 

26 

0-1395 

51 

0-3742 

76 

0-8964 

I 

O04S9 

37 

0-1457 

53 

0-3883 

77 

0-9266 

a 

□  0481 

2S 

0-1532 

S3 

0-4026 

78 

09577 

3 

o'O503 

29 

0  1589 

54 

0-+I7S 

79 

O-989S 

4 

O'Ogifi 

30 

o'lfiGo 

■55 

0-4329 

80 

1-0227 

5 

P-055 1 

31 

o-'733 

56 

0-44SS 

6[ 

1-0566 

6 

0-0576 

33 

0-1810 

57 

o'4653 

S2 

1'09'S 

7 

0-0603 

33 

0-1883 

58 

0-4S23 

8j 

1-1174 

8 

0-0630 

34 

0-1959 

59 

0-4997 

84 

1-1643 

9 

0-0639 

35 

0"2O38 

fio 

o'5i;8 

85 

i-aoij 

10 

006H9 

36 

0-2119 

61 

°'5364 

86 

1-2413 

11 

00721 

37 

0-33O4 

62 

o'SSSl^ 

87 

1-2815 

la 

0-0753 

38 

0-2291 

63 

0-5755 

83 

1-3228 

13 

o-ojisa 

39 

o-i38i 

64 

'>\i959 

89 

1  -3651 

14 

00823 

40 

0-^475 

65 

o-fii7Q 

90 

i'408J 

'5 

o-o86r 

41 

0-257 ' 

66 

0-6388 

91 

'453? 

16 

0-0899 

4^ 

0-2673 

67 

o"66i2 

9^ 

1-4998 

r? 

0-O()40 

4J 

0'2775 

68 

0-6843 

93 

^-5471 

18 

o'otiSa 

44 

0-2882 

69 

0-7081 

94 

'  '5958 

19 

0-1027 

45 

0Z993 

70 

0'7327 

95 

f«45: 

20 

01 07. J 

46 

0-3108 

7' 

0-7580 

56 

i-6(.7i 

ai 

O'llSl 

47 

0-3226 

72 

0-7841 

97 

1-7498 

22 

o'n7  1 

48 

o'3349 

73 

0'8[09 

98 

I  '8039 

=3 

□  ■1223 

49 

0-3476 

74 

□  ■83S6 

99 

1  ■85?5 

2+ 

0-1278 

5° 

0-3607 

75 

08671 

100 

1-91  JO 

-"5 

oiJ3S 

1 

This  Table  is  computed  from   Begnault's  experiments,  and  is 
taken  from  Dixon's  "  Treatise  on  Heat "  {p.  357). 
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INDEX. 


Absorptiob  m  iniiiuJa,  846  Aei 

Acetal,  34S 

Jloetemitu,  438 

Aoetftiiilid^  4ji 

AoeUte*,  wo 

Aoetio  aci^  krtiSoiBl  prodaction  of.  69 

(■         1,      kuomalum    v»poar   deuaity 

<*   34» 
AoMificatioD,  process  oi^  195 
Aoetina,  178 
Aceto-clilorob'\>mb3-drin,  1S1 

„     dicfalnrhjdrJD,  181 

„    etlijlide,  429 

„     mannito,  iSj 
Acetone,  301 
AcetonU,  304 
Acetouitrile,  194 
Aoeturaid^  715 

Aoetjrl,  az;-cbloride  of,  Liebii;')>.  108 
Aoetylene  (klumeDe),  143 
Aootylia,  474 
Aoonitmi,  jo} 
Aotolein,  3S4 
Add,  acetic,  336 

„      glacial,  339 

„     aceto- sulphuric,  347 

„     ncetoidi),  305 

„     aconitio  (equiaetic),  393 

„     acrylic,  361 

„     adipic,  371 

„    aldrt^dic,  37 

„    aliainc,  606 

„    alHturic,  739 

„     allaotaric,  743 

„     allopbanics  304 

„     aUoxuiD,  735 

„     aluetic,  til3 

„     alpha- oraellerie,  639 

„     althionio,  170 

„     amalic,  505 

,,     amido-acetJc  (glycocine),  734 

„        „      uiiio,  544 

,,        „      bentino   (benamic,    earban- 
iUo),  S4i 

>,        „      cnpruic  (lencinfl),  737 

„      cummio,  544 
>•        »      propionic  laiaaine),  715 

.,        ,,      toloie,  1144 

t.     ampelic,  670 
,,    amjgdiilic,  534 
■  ,    anehoic  (lupargjUc),  371 

3  80 


id,  angclie,  363 

anllic  (nitro-salicjlic,); 

anisic,  574 

aniauhc,  5S4 

anthranllio,  610 

apocrenic,  lis 

apoglucic,  81 

apophjilic,  496 

antchidic  (butic),  36a 

aepartic,  383 

baigaic  (BUsaric),  358 

benzamic  (amido-beliuuc),  544 

b«nzilic  (stilbjlio),  £49 

benio^ljoolio,  S54 

benzoic,  340 

benzolactic,  5J4 

bQnziautpbo-pbenjIanlic,  414 

benzosalphunc,  £4  3 

bicbloroquinonic,  41a 

bromacetic,  347 

bromosalicylic,  567 

butic,  161,  360 

butytnctio,  373 

butyric,  350 

butyro-Bulpbttiic,  310 

caffeic,  508 

caffelic,  508 

campbolic,  53a 

comphiiratnic,  414 

earn  phone,  530 

oapivic,  588 

oapric,  356 

Cftproio,  3S4 

capryUc,  355 

carbamic,  435    . 

carbaEotio  (picri<^    trinitropbenic), 

661 
carbethylic  (carbovinic},  173 
carbolic  (pbeuic),  658 
carbovinic  (carbetbylic),  171 
oarbar«ic  (allophaaic),  715 
canninic,  6ta 
carebric,  786 
oerotic,  364 
chloracetic,  346 
chlorisatic,  613 
chlorobcnioic,  543 
chlorobutyric,  351 
□bloropbenesic,  660 
cbloitwalicylic,  567 
chlorotialicytoQB,  %6% 
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^H          Aeid.  oUorettMrie.  360 

Add,  gitlloUiiiiic,  401          ^^H 

^^H              ,,    oUorovBlenaio,  3^4 

„       g«)F.  Ill                               ^H 

^^H                      cUoroTkkraalE,  3<4 

„    elu(M,8i                    ^H 
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^^^^          ,,    <ili(]r*>phuil(w  603 

„    buluii(«4  744            ^H 

^^^m                      cinnMiiie,  gj8 

„      billmiM,  Sji 

^^H                       cnU»c-^iiic  (pyTv<nlri«)r  39B 

„    bumios  131 

^H                       oitiw,  J44 

,,    li;r<l''<'>ob>ltic7ania  £91 

^^H                 „    oolopbulic,  5S3 

„     hfitradBniejuilc^  6SS 

^^M                 „    conenic,  4OO 

„    bfdrnfMrocjtnnie,  Mi 

^^H                 „     «oun)Mfc,  sjl 

„    b]r4r«Di»llMik^  697 

^^1                     emir,  lai 
^V              „    cumtnic,  jii} 

„    brdrMutrapnunic,  698 
„    bTdropennlpbocTuiM^  (197 

^H                „    c;«in«luric,  699 

„    ti7ilrw|)IUin(»7«nic,  6tfi 

„    bTdnnlpboepiiiic,  696 
„    byoBlwhUg.  B06 

^B                  „     C7Miunc,  6^ 

„     breebobN,9o7 

^H                         dtatrenMcnie,  jSI 

„    byocboKo.  «nA 

^H                  »     dMitrotuiaHe.  ^4,  jU 

„    bTpQwJplxi  \  ■■ri^    («h 

,,     lij-poHulpJiitxllnitte,  fi|9 

„    inifigotic     {uiiUek     aim 

^^M                 „     iJibr(iin<«Bc>cin<c,  379 

^^M               ,.    dichlurobutvric,  jty 

s*; 

^^1                      dichlcmpbciiJo,  IjiJo 

„    boihv  781                 ^ 

^H                ,.    dilituric.  j.tQ 
^^H                      (]inicrtiMh;lw,  111 

tiuulinitk  666             ^^B 

»    iHoilc,  Ai]                ^^B 

^^1               „    i!linitN|>hoiuc66r 

„    bktic,  6»                 ^H 

^^B                     (Kpbomlwtbyliv,  173 
^^H                        disulpnaoiltc,  319 

bMbloBtc,  170            B^l 

^^H                       (]iaal|ili«tlii>1>c,  3ii> 

,,     UMulanc  itji                    ■ 

^^B                „    dimliihetliylic  (cttilMiir)  311 

„     lUcoul*.  398                        ■ 

^^H                       <Jiiitilj>1mtmtiii>li(%  316 

„     bAkodvlic.  <30                    fl 
„    kink)  (qitiakh  407       ^J 

^^1                ,1     d(»u)p!;>4iiivthc-lie  Intrlbioiik}  jiO 

^^B                       itkul|ihDiapl)Uuilii),  664 

„    kmyllc,  <t59                ^H 

^^P               „    cttiulpho^rltDHc,  31a 

„    kTnuMri<^  ui            ^H 

lw>tie,  uf.  374           ^^B 

^H                        eludir,  363 

„    iRCtuiArUrM;  )S)         ^^fl 

^H                        ollatfic.  4«r 

„     iMTnneaBiic,  3^3           ^^B 

^^H                           «pigl}v>riilitnrUn«,  M4 

InroUrtMlo,  393          ^^B 

^^1                 „    •nicic,  363 

,.    hniuniie.  744            ^^| 

^H                 „    «Tyll>ric,  697 

„    UurU,  357                  ^H 

^^M               „    cihaltc  (palmitic),  m 

MCUMrnO,  A19                    ^^H 

,,    lapargytic  (MHtbok),  JTtH 

^^U               „    GtliiiHiici  r7i 

„    ItMoc  377                         B 

^^M                „     etlirlulTiUiioDifi,  III 

„    ItiMoturic,  735,  Mt'           B 

^^M              „    et)irl*uljihan>in  (mlpliMtlijIolic), 

.■   lipio.  3;i                       B 

^H 

„    litfarivllio.  >t09             ^J 

^H              „    Mg«nlA  tiS 

.    naWe  379               ^H 

^^H                „     •DKaiiUiii',  604 

UMlaBrio,  iir               ^^H 

^^M                      at.-ia'c  S19 

^^P                           exerrtolic,  811 

^H                 ,,     formic,  333 

^^m                       rormto,  •j-dtlicnn  of,  333 

,,     niklic,  37!)                     ^^B 

„      Kiiilunic.   >fi6                   ai^l 

„     tntumlUrlMic^  9$S              ■ 

^H               „    f«nnolwi»uili<^  Sj9 

„    ii«npwie,  3j8                       fl 

^H                „    rutminlc,  7ur 

„     tMMMlc  398,  49a               ■ 

^B               „    Ihlininurio  (iwcjitniiric),  704 

„    maUiinrlt'.  iSgg                 ■ 

^H               ,,    rumtncj-;^^ 

„    nelurie,  81                  ^fl 

^H               „    S^^i  l<^ 

031 


iCl 


■e),j48 


phoaiatLolk),  3  to 

I 

riaic.jTo 


»ii 


Acta, 


ip 


flhin),      401, 


aM79 


e),  393 


pJ»cK  «o; 


j.txM;ilunintc),  173 


l6ti 


oZ 


pTOfnn  mtpbiiria,  3  to 
prataonio  (imuUcMHik),  }|8 
polinonio  (pcsoiniet,  608 

purrvie,  60  j 
pjTocitric,  J99 
pjTOgallki,  4O6 

pynmuuie,  jSj 

pjf««i*«c«M,  400 

pyranuiok,  93 

pjraUfUrie,  391 

pyrnric  (i>yninc<iniio),  J9t 

qulolo  Qciiili-).  407 

qutmURiiir,  401 

ndiolfiA,  iioIktMO  of,  l^;,  Mtr 

nueiuic,  jyj 

riciiiolulc,  t6a 

rnbsiyttirfo,  606 

ra^llio  (jHu^lUgitf,  407 
niie  (tiapnc),  ^o 
SMchuiu.  gi 
salicylic.  5 A3 
nEeykiua,  560 
nlie^lurio,  56; 
wlylu:,  5(15,  Ro/< 
■■ponic  (ncullu),  $99 
suko-Lulio,  ij6 

■inwic,  jSo,  niHe 
aadne,  4 10 

Htlbylic  (IwDtllie),  549 
■ty^iiio,  663 
■itburia  371 
taMbunl&  433 
aUMinic,  367 
(U(icinosuJ|iliDric,  j^p 

■u1|i1<»oeI^c  (iiioeMau){iiulcJ,  34} 
lulj'hallylio,  jy; 
MlcbBUiaihiotiic,  604 
raluliatnic  435 
■ubluunylic,  167,  1S4 
(Dlpbiuillio,  311 
(ulphnthylir  (niiIpbaniiM),  168 
■nlpbtiulylU.  616 
■obtluitti jlol  ici,  i;3 
■urpho>>i)nai)llo,  31 1,  G5A 
«ulp}iob«nMio  (bfllKOvnIphnric),  J09 
(ulphobtnjrio  (bu(y)Uaulpli«rio), 

309 
ta1plio«*)ii7lia  {Mdpboctyltc),  166 
mi1pli<)«arfN)Uiylwv  IJl 
■iilpbowtlci  10  3 

•olphootj'lir  |<iiilplioca{>nrlH),  166 
nlphoenflic.  (giS 
■iilphoMnma^  177 
•itl|ihobM,  373 
■ulpbomMi«lii(^  93 
■ulpbonaUijIio  (avIbyhutjAari^], 

•aiphoMpliihalW,  M4 
■ul))]iu|MUnktlc.  171 
ulpbofibaiicv  Ml 


ACI 
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Acid,  lulpfaopropioiiic   (propioaitlpliuTie), 

309  .     , 

„  snlfMioparpiine,  617 

,,  eulphorufic,  s68 

,,  aulplmsKcchkric,  81 

,,  RulphoBtAario,  171 

„  lulphotnccinic   (lucaoft-sulpliutic), 

369 

„  fnlpholetfylic  167 

,,  solphothjmj'lio,  516 

„  ■nlpbotrit^Jic,  167 

,,  lulpbuviuic  (aulpliethjlic),  168 

,.  •ylvic,  585 

„  UDnio,   400 

„  Urtariu.  384 
„     tartiric  (inactive),  394 

„  Urtr»lic,  391 

„  taruwoic,  435 
,,    Urtrdio,  39* 

„  Urtretlijlic  (ethylUrtaric),  171 

„  teurocholic  (cboleio),  S05 

„  terebendc,  S13 
,,     terebic,   5S6 
„     terechrjaie,  553 
„     terephtboUa,  J13 
„     tontlnic.  513 

„  totrachlorn-butyric,  353 
,,     thuKWtic,  347 
„     tbioformtc,  348 
„     thioDkphtic      (dlaulphunnphtbaltc), 

664 
„     tbintiuric,  74O 
„     tuluic,  5f6 
,,     triclilomcetio,  346 
,,     tritritiopheuic  (carbazotic),  661 
,,     ulmic,  lit 
„     uric,  730 
„     urox;iiiio,  731,  nole 
,,     uaiiio,  625 

„     vnleric,  353 

,.  xsjitbtc  (sulpbocirbethjlie),   171 
AcitlH,  acetic,  group  nf,  338 

„  bcctjc,  seriea  of,  t-ible  of,  331 

,,  aini'latoi,  413,  434 

,,  anilidHttKl,  450 

,,  cblorinated,  319 

,,  colligated,  309 

„  fatty,  electrolyRiH  of,  330 

,,  fatty,  K.>ll)e'M  theory  of,  330 

„  fatty,  table  of,  317 

„  monobuMC  andpolybasic,  why,  307 

„  nitro,  312 

,.  oleic  Herica,  table  of,  361 

„  organic,  action  of  cliloiine  on,  314 

,,  organic,  action  of  beat  on,  313 

,,  orgnnic,acti..nofheat&baBe3oii,3i5 

„  organic,  table  showing  origin,  306 

,,  organic,  theory  of,  307,  3*1 

„  onalic,  derieij,  table  of,  365 

,,  stearic,  serius  of,  3:7 

„  sulplio,  309 

„  vinic,  167 
Adipocire,  168 
Ailjoetivo  colon™,  C33 
Aluniiua  soluble,  341,  note 


Akotoe,  715 
AlbiimeD,  751 
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^^^^H                        ilabTiiuiiBiEnn   af,   mnthoil  of 

■1           1,      [wtoxkIm  of.  33; 

^^^^p                              »tatii'«  inlucnai,  tt 

„       kiulfiia,  ultiBikto  |>riner|il*  <4  A* 

^^^P^               II           dctrtnMiliaii    of,    mMtinil   cf 

„             pfMs^i  t ' 

^^pi                                Viimelrapp  ind  Will.  18 

„           „         olUoutr,  uf  a  «(C4  ••« 

^V                    „          dculoxidc  of,  lubMJtutiaa  ot. 

toiitktDlng'  nhnifti^  (I 

^H                                     fur  faTdn)|[tin,  67 

^1                          ahalM   during    rvptniUofi, 

„       Immi   l4te  «Im  Bm)) 

„         „    oliuttHicalioa  nf  4II3 

■                                  ig;.  MM 

11          »    *<iniraltnlj  of,  bnw  •■xr 

^1                           pemid*  M,  mMiUiUaa  o( 

t«iB»i,  js                  ^J 

^1                                 for  lijrdrngm,  67 

luHmHla  of  fisnuM.  4^^^| 

^1               KIlnclxcenFi,  ilfl,  17; 

Minis'*  proooH  «I%IM^^| 

^B               NiltnnwnniU',  t  iB 

^^H 

^H               Nilniauf'UUMliD,  6/^5 

olinniicij,  dirtineUnw   IMa  ^^M 

^1               IVItrr>|in»Bi<lc>,  fiKA 

oigtaie,  4                   ^^ 

^1             KitroM)ph««ijlTn,  6j7 

„      coiDpouncU,   dUUnpiiAvd  fri     | 

^1          Ifttnalryehiilk,  joo 

^B          lfitrciMMtitu[««circoet«ii,  116 

onPMlaed,  1    ^^H 

llieir  orimtj  t^^M 

^1                                     of  nsM,  March,    Ac., 

itltuiAiU.  j       ^^1 

■ 

OifMiiMil  (w> peal' Hi,  ihtir  iiuUbiSqi^^l 

^B            AltrofOlpbidM.  689,  now 

OttUKVO^Mll''  b.^im,  117                   ^^H 

^H            }I  ilmtkaui«  (ohiiUitrofiluui),  {05 

'  Ori^intl  Oranfiet,'  •x|Mn(D«fi)#afc  '^^^ 

^1            Nkriityreaiiift.  7,10 

OaniMjnuiiilta,  694 

^1            N'niijtpii«(vlMnc>k  147 

0«Mln,  765 

^m              NutpUla,  401 

Oi«llMiiiini,  72« 

^B            Nu(i»»g-).iiUn',  160,  3S7 

Oxkfio  Mid,  dewiMforitiw  oT,  tif  tlwfcw 

^1            Nndntion  of  Huiouls,  845 

tind  bwt,  334                                        ^H 

^B                              o(  pluiEi,  8l3 

Oumrlbuia  (oxaote  ttlur),  mi  ^^^H 

^H 

Ouuiiile,  431                                ^^^^H 

■          OrrTLKHB  (ckpiTTUii*^,  147 
^1          Octylijt  (ai|ir)iU),  470 

Oiuiilide,                                     ^^^^1 

OunlliraMa^  6jo                        ^^^^H 

^1           iKniuitlK  1I.  301 

Oxidntiui  of  JLumiiMiJcntDpoiMJi.T'^    H 

^H             <KuuiitliyIeDc  (liejlljlltu*),  I47 

rfoW  ptOCf  !■  of.  tij                  ^^d 

^1             Oil,  hIiiioiiiI.  15S 

OiIdM,  atiniilc  rnlama  at,  87J                 ^^^ 

H             II     l>en,  3(> 

O^roblorlile,  Moalle^  31(1                          ^^| 

^H                    cn«tar.  359 

henBiip,  ejS                          ^^M 

^H               „     000i»-niii,  iAq 

*uMun>c  369                         ^H 

■                 „      Mftl-MJ,  6,^1 

Oxjdiloriika  of  orguiic  aditi,  <ti4       J^H 

^1            „    co-t-livcr,  159 

Oijgea,  arjnunenta  for  ikialil^  tlMi^H 

^^            „    txilia,  1*9 

weiffbl  (rf*.  41                       'AH 

■           „    IMppe\'>,4(v'*7l 

^H          „    of  uratMi-nttS  3^ 

»                    tiAma,  ^t,8,  8Si                      j 
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nxton  Willi  ilnw  OiidntiDM, 


ru,  «nmnlil»  of,  879 

oliigiiid,  800 
ui.  49>.  49s 
kiur,  1 19 

>],  iTff,  IMtt 

<!«,639 

"».  357 

■fals  (UieUiii),  495 

•«.  3»7 

D,    I  to 

lite,  4f  i 
■orrtin,  594 

■»•  "J 

UlL^  of,  64i 

itS,  iJ»,  (14 


lb  of  ckthon,  •ulpU'U  of,  70 
■^limoiie  tebloruiils),  409 

liun  af  eUnenta  in  MVaoto  e(xii< 
1.669 

baaeit,  315 

Wtrisc,  oijouring  euitUr  itt,  6oi 

(MrtfjlU),  46J 

HvrtUkna)^  5>i 
WMitv  lifiMto),  183 
hi,  660 
mt»4\  6j4 

»rtB^  65* 
MrbMlc  ftdifl,  ftjS 
lUwl  (m'umD.  574 
■wturaot,  651 
bdnwntc  (/,  053 
iMoride  oC  f-to 
(iiiiil  i»  U'  irf,  653 

:     •'   of.     Gfo 

l^  4»3 
I".  V3 
■■  ■    1=5 
.»J 

-uiuic,  miillBe),  447 


Phlnrtlin,  596 
PUundua.  59  c 
PhloriE«iB.  job 
FboaptiDrinif  bMM.  4?d 
PhupliotetMtbj'liota  <ti>tratlylpbn«pbcnu- 

uai).  471 
PlMMphalHtl^IEk  (UMiliflpliMphloit,  471 
Fliaapfaariih*,  418 
PlHMpliiirui,  detonDiiuliDn  tit,  Is  ocjwik 

l%tiwlunt4«,  415 
VhyWaeftniit,  fi.u 
FlijltoxMlhlii,  631 
ncunkr,  643 
rtodbie,  4*4 
Kcriwmhrin,  fitS 
Vumtcaia,  1.^ 
Via»-\ppla  ml,  tyy 
TlriU.  ;»7 
R pyridine,  498 
I'lfK-Hn,  4;;8 
Piptiyluita,  499 
Piub.  638 
Pitlacat,  643 
ri.-mti,  ItUtrUiOB  of,  9t9 
Piutoi,  !6y 
I'latinic  «jranl<lM.  693 
l^ittiDOC;r«niibN  6^1 
riMJnapyridtnc.  4J4 
P1«toHipvHi)i<ic,  454 
Huinbutliylt,  118 
I'.iljitomic  hiuai,  473 
P'oIyUwc  ulcvbuU  149 

„       ndidM,  liow  formti,  jj 
PotjrohronM  (owDlint,  $^j 
Polj-ethylvDe  lUeoholi,  151.  naft 
Pulynurio  aoinjMMiDda.  httA  «ialU*d  daN 

injl  cnrobiutHin  of,  905 
Pc|>>i)in,  sro 
F<>tuh,  pru(m>t4  of  (ferroejriiaiilf),  <S8l 

„       ml  fmiMlkU  of,  4$S5 
PotMwnin,  slinMnMiyoniila  of,  (^91 
„  GObUtiojaaiilitor,  (jii 

„  BTaBldaor,  674 

„  rcnicjaaide  a^  685 

„  f«m»ojvolil(  of,  Wl 

„  iridtcy&iii<(»  of,  A94 

„  inolloiiid«i  ef,  697  [693 

,,  pprchtcirofdktiiiei'jitiiHlo  (d^ 

,,  |>ljitlii!c-cjiu)tiUiar,  A<|3 

,,  pUliiiiKyiuuda  ot,  691 

„  •al|ilK«ya>niilv  </l,  69; 

„  -Alcobol,  174 

PptolO,  •aUjua  of,  100 

„      lUreb,  prepftniUoii  of.  (OO* 
PiWwrTBtiaa  gf  iroodf  fibn  from  tiaoj, 

111 
Procf  ipliil.  1(7 
PraiiioMunkle.  4*^ 

Ptopiukk koid,  snifloift] TomuitiM)  oil  is; 
PiDpwnltrll*,  19  J 
Profj-lMninctUiiyluV  469 
Pi<>|i]rltfi«  (trilvl«>H'>,  146 
ProfijlciM,  loditod,  574 
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Protoin,  7SO 

Proximate  aoKlyaii,  wbftt,  6 

Pnuautn  blue,  6i)4 

„        „      b«ic,  685 

„        „       Botuble,  685 

„      TutiibuU'^  6B7 

,,        „      WiUiAniMin'B,  687 
Prnsai>D  greeo  (iiikKiieUo  cyanide),  686 
PMado-erjtbrin,  630 
Pieudn-orcin  (eiytbToaAnnits),  tiiS 
Ptyklin,  798 
PutT»e,  603 

Purrenone  (auxMitboDe),  604 
Fur,  811 
FubvfutioD,    Scbroder'a  otperimenta  in 

preTBiitiug,  105 
Pjin,  811 
Pjrene,  640 
Pyridine,  4.14 

„     leriea  of  bases,  453 
PjTobenEotiiie  tlophine),  477 
PyrocRtechin  (oxyphenic  »cid),  404,  663 
Fyroguniacin,  5S7 
Pjroinnthin,  640 
P^roiylic  spirit  (wood  spirit),  114 
Pyroxylin  (gan  coiton),  114 
PjrroC  671 

QUEKCimii,  596 
Querclte,  97 

Qjerdtrin,  596 

Quercitron,  601 

Quinatea,  408 

Quinia,  483 

QuiuLcine,  48S 

Quinidiiie,  487 

Quinoidine,  485 

Quinoline  (cbinoline,  leukul),  456 

Quinolinu,  series  of  bases,  456 

Quiooue,  408  ^ 

RaCEUATEB,  srtificial  fonnation  ot,  393 

iUdii^les,  iaobtted,  what,  39 
,,         Liebic'«  theory  of,  36 

Rancidity  of  oils,  156 

Red  dyes,  604 

]le<i  liquor  of  dyern,  337,  341 

Heduced  indigo,  617 

Reducing  action  of  plants,  (ioi 

ReducUon,  icetamoip hoses  by,  61 

Rennet,  action  of,  on  milk,  763 

Beain  of  jalap,  594 

Resinein,  585 

Rcaiiis,  584 

lieaist-paates  in  calico- printing,  636 

Res[iiratioQ,  chemical  ihangea  in,  S47 

,;  eiperimentsuf  Hegoatilt,8:o 

,,  Biperinieiits  of  Scharliiiy,  849 

,,  in  hybemants,  851 

Retiiiaphtlia  (toluol),  633 
Retin  asphalt,  114 
Retinite,  124 
Hetinol,  s^S 
Jletiiiyl  leumoU,  655 
Uutisterene,  610 
Kbatauy  root,  ^ot 


Bheiii,  603 
Rhodeorotin,  S9* 
Bhodicyanides,  694 
Rbubkrb,  603 
Rioe  paper,  iii 
„    starch,  loi 
RicinoUmide,  160 
Ripening  of  fruita,  Sij,  Note 
Roocellinin,  617 
RocbeUe  salt,  3  89 
Rock  oil  (naphttui),  673 
Ruseint^  449 
Rosin,  585 

Rotation  of  crops,  fhtrnj  of,  8j6 
Rubiacin,  607 
Rubian,  606 
Rubianin,  607 
Rufin,  595 
Rum,  159 
RutheDJocyanidet,  6gi 

Sabasillia,  503 

Bsccharide,  78 

Saccharides,  1S8 

Saccharine  group,  71 

Sacchariae  solutJona,  densities  of,  1 37 

Saffiower.  609 

Saffron,  601 

SaffO,  103 

S^ep,  I03 

Salhydraniide,  417,  {61 

Saiicin,  567 

Salicyl,  chloride  of,  ^61 

„      couipountls,  table  of,  563 
„      hydride  of,  560 
Salicylates,  564 
Salicylide,  567 
Sali^eiiin,  36S 

Saligenin,  a  diatomic  alcohol  !  ij<,  nofi 
Saliretin,  3GS 
Sill  iv  El,  797 

Salts,  atomic  volume  of,  in  solution,  8;j 
Santonin,  399 
Saponification  by  lime,  f;i 
Saponin,  59S 
Sarcine,  733 
S:irkoBiDe,  719 
Scales  offish,  779 
Scamniony  resin,  ,(94 
Schweinfiirt  greeo,  345 
Scoparin,  479 
Sealing-wax,  5SS 
Scbicin,  379 
Secretion.  8j8 
Sediments,  urinary,  815 
Seed  lac,  587 
SeleDaldttie,  446 
Selenium  mereap Ian,  193 
Semlbunien,  752 

Seminaphtbahdiun  (dinaphthylia),  66  c 
Scricin  (from  silk),  780,  781 
Serum  of  blood,  790 
Sliainoying,  775 
.Shell-luc,  1^7 
Sliella,  toinposition  of,  778 


nh 


946 


VAB 


KItw,  ontdia  of,  6  7  7 

„     fiumiiiate  0^  701 
Sinapine,  J  So,  nol* 

Binkaiins,  5  So,  Hole 

Kie,  768 

UduIT,  prspantioti  of,  481 

8o«4>-mkki]](^  «6o 

,,    VMietiBB  01,  369 
Boda,  acetate  o^  J4> 
Eoda-lime    preparation  0%  for  nitr^^ 

determination,  19 
Sodiom- alcohol,  [74 

„        ethyt,  JI4 
glycd,  ijo 

„         aitroproiaide  of,  oSo 
Soils,  OBUses  of  fertility  in,  eig 

,,     vadetiea  o(  830 
Bolania,  503 
Soluble  tartar,  38(1 
SolveotB,  for  prozunato  HuJfsii  of  bodiei, 

Sorbin,  96 

Spartma,  479 

Spedfiu  heat,  rdation  to  Atomic  weigbt, 

Sgt 
Bpermaceti,  iSl 
Spirit  of  wiack  156 

„  „       firom  bread,  14' 

„     pyrcaylio  (wood  »piA),  154 
SpoDge,  7  So,  781 
Sbuinetlijla,  iig,  3ia 
Starch,  97 

„        potato*  100 

„        non-fonnatdon  of,  in  animal*,  toi 

„        Dca^  let 

„         BOgar  toluooM)^  79,  95 
Steau  ooal,  110 
atearateo,  359 
Slouic  gluooae,  s8S 
Stearin,  165 

Stsarine  oaodka,  nwiufkDtaM  of,  973 
Stearomuuaitea,  186 
gtearopten  of  oik,  jiS 
Stibetb^  (Btibio-tnethfl,  (tibaninel,  133 
8tiUo-t«trainetbyliuiii,  434 
SOlriotrimethf  1, 133 
Btiok  lao,  587 
Btilbyl,  540 
BtUbyl,  chloride  of,  550 
Btotjholm  tat,  638 
BtoiM.  si9 
Strychnia,  499 
Btyraoin,  560 
Btyrol,  SS9 

Styrone  (dnnanuo  aloohol),  359 
Saberone,  305 
SubatantiTS  colours,  633 
SubHtitutioD,  method*  df  effecting,  61,63, 

67 
Snbatitation-compounda,  bases  forraed  by, 

6» 
Subrtitutioni,  invent  68 
SuociaamldB,  431 
Snooinates,  369 

a  ft 


Saoeinlc  aoid.  Its  oonTeinon  into  tartaric 

and  malio,  371 
Sucdninude  (disaatanamide),  431 
Suorose  (oai]e«marX  74,  95 
Suet,  361 
Sugar,  action  of  basas  on,  75 

„     aetioD  of  polybaaio  acids  ou,  387 

„    aotion  of  heat  on,  77 

„     beetroot,  86 

„     oana,  74 

„    diabetic,  86 

M    effects  of,  on  polarized  light,  83 

„     eatimation  of,  81 

„    fermentation  of,  119 

„     giapo,  79 

,,     invvtod,    79 

„    of  lead  (acetate)  343 

,,    lime,    use    of,     for    neutraTiang 
standard  acid,  lo 

„    nuuiulactare  of,  84 

»     m»pte,  S5 

„     milk  (Uolose),  90, 55 

„     uitro-deriTatiies  o^  117 

„     production  ot,  in  the  liver,  81 1 

„     production  of,  in  arine  by  irritation 
of  brain.  So 

„     reining,  87 

„    starch,  60 

„     in  urine,  818 

„     varietiMof;  73 
Sugars,  are  probably  alccbcls,  71 
Sugars,  tabU  of  prinoipHl  properties,  95, 96 
Sulpbindylic  acid,  a  carrier  ot  oxygen,  oo 
Sulpbetbylatea,  169 
Sulpho- acids,  309 
Sulpho- ben  ride,  656 
Sulpbo-cyanidoa,  691,  695 
Snlpho-naphtbalin,  664 
Sulpho  Tinates  (snlphethylates),  169 
Sulphur,   detonniuatioti    o(    in  organic 

compounds,  71 
Suma^,  tannin  oC  401 
Sumaching  ot  leather,  774 
Superheated  steam,  action  of,  on  &ta,  174 
Sweat,  S19 
Sweet  oil  of  wine,  195 
Synaptase  (eronlain},  53S<  <■<>'< 
Syothesia  of  M-gaoic  oompounds,  69 

Tasle  of  add,  taitario,  Tarieties  of,  394 
„      acids,  aostic  or  stearic  series,  331 
,,         „      chlorinated  fatty,  319 
„         „      fiitty,  318 
■  I        »     glycolic  or  lactic  series, 

373 
„         „      oleic  series,  361 
„        „      ozaLc  series,  365 
„         „      relationiof  monobasic  and 

polybaaic,  306,  314 
„      albuminoid  bodies,  composition 

of,  7SI 
,,      idcohol.  strength  of,  91^  935 
„      aloohots,    heterulogoua  -  deriva- 
tives of,  511 
„     aUehyds,  19a 
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„     inltjdiiOu*,  Jit,  jio 

„      kuitiiM  (Inhvativta,  4;  I 

, ,     mUmouUI  anfuwBwUlUft  ocn- 

pounib.  iji 
„      irtBoinlfMa.  178 
„     Klooie  Lonbii  d  oompMinilfl,  S94 

„  ilvniuEit*,  ^« 

.lomlo    voUmoa    ot   atiatogDut 

„  ,,        dimonibou* 

bedU^  8;  I 
diloridM,  874 
„       ouiM  BjJ 
.,  ,.       Hlte  in  aolo- 

Linn,  678 

natat,  tong- 
■Ul««,  (ubo- 

IMMa,         Mid 

ntlntM,  87  J, 

876 
aniliu*  leriw,  ^5J 
clawtficMioii  «r  arlifiuisl, 

4«4 

,,      fn>m  u[riuiD,  4S0 

BuinnlilM  Ml^M.  4f6 
,,       fiom  •tryi'fcnm,.  JOJ 

brnvidraiiiltiiililvrtliMi  vaMr, 

bUft,  pniduot*  frum,  &oi,8io 
blood,  oomiuMiiioD  of,  jun,  jao 
boilUqc  |)tiiiU  of  MVMiU;  hiindi^ 
I1I4,  H88 
„  „      calculatM.  '>9a 

bonM  Asd  iMth,  camiinaiiiub  of, 

nmio,  coliaLTtnenls  oC  7S0 
liriaiUtuilii,  aiiitip<iBition  of,  1 39 
eklor>Ao«i|iil<raJeiiUiuf  ebmoftU, 

Cdbrilio    *quiv>]«iU    of    Mn- 

■louiiil*,  <i07 
clilitnnalo)  (leriratiTco  of  oblo- 

ntlu  ur  trlliyl,  64 
cKlnniMlfd  dorivBlivoaof  Dsloh 

Itqui'l,  65.  6S 
chlaniiakloi  tUijrIic  vllifn,  1^ 
mal  ftuil  wixN^  cxaik|>iMi(!cii  of, 

117 
cokl'Ur   producu,    homokgoM 

•erioi,  65,1 
wmpHriMn  of  Ccotignuls  and 

FabnutMdLtBKbNi  9*1 
cani|iu-iBon  of  Fnncb  uid  Rnf- 

liiliirctubUMiilnioAtiltv*,  gtq 
fli'ivpiiuijir  rulic'Ica.  Utlilif'ii,  36 
eniniioiind  Bta*M,  Jn 

iui<l  clil(ir[ij««,  4] 
cn'tix,  vlwaifivaAiun  <X,  ^ 
6i).  »13 


» 
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uli  l>Tti«a,  871 

donvaUYM  uf  miiaobMk 

316 
iluvkte  liyilmcubon  ndklv,  tjf 
EoglHli  iroigliti  ui4  niiyn 

918 

•lliylic  atliitrw,  I  It// 
Cvrt^aiiiilm,  6Sj 
Ctmicgrniii'lra,  680 

food,    )ibj>tic   aMl    tofiinlar; 

«o«i|ioiieiiM  «£  $40 
lOud.    tvhtioK    ta    qoMMj  to 

«a«u.  SS3 
fitactiooit  of  buzitfl  umI  HoHd^ 

gHtfie  jnlM,  ouDpMltiaa  ol,  be 
K<l*tiff«i>oui  hodif,  ooMj  I  ■Uw 

of.  76s 
Ovthuit'*   riMriScuioa,  9W^ 

,9*1 

glutM,  ocmponiun   of 

inont*  of,  141 
fljrdmileii,  tji 
glywlk  ethm^  351 
gljroola,  148 
CnutiiDoa  m  palna,  qig 
b«*t  absorkeil  or  evulvsJ 

oalulioool  nkltn,  oli 
n*  MiiiUail    ijiuna; 

cUndiM^  broniiDO, 

90J 
livat  truilled  ilBfiag 

901 
bait  onitied  ilurioc  mMl^jn 

hMt  anilUMi  4unas  ■otatMii' 

*■"".  916 
Mt  uniU  oinitted  to  iqiwMi* 

tlon  of  Immo  wkfc  asd*,  gil 
bcnghta  of    bMOtnecor  in 

mvUM  Mid  (mIim.  yw 
tioniulagoiu  MrlM,  34 
lioinfilo^vu*  of  twKiol,  Oft 
Loru,  bitJr,  wool,  Ac, 

liuo  of,  7to 
iiuli|{D,  prailiieU  Tro*,  S13,  fcj 
Wo^u*  fnva|it,  149 
luUioil;)  eompouQiK  *tS 
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ADDITIONAL  EliRATA  IN  PART  I.    Sicoxn  Editiob. 

«i,    4  lin ta  (ram  top,      hi  btlme,  nmi  alovt. 
Ti<ii   II         M  ,,         Tut  inela4fie,  noJ  tlatlCc 

199,  Tnoipnu  tlsfl  firtt  tvo  Wmi  of  the  proportion. 
450,     i  lin«*  bdov  tlio  UbU,  for  l^ttitluli,  road  tiidjl. 
«75.   '3  lin"  from  top,  aJJ,  iiii<in£fraf«uij|  t/x  jirwfiMAMl  ti^  to(-««io«fti 

j8S,    11  „  „  Tof  «n2  nwl  tvV;. 

39i>     9        .,        „         ibr  iSjS,  roiw]  iSjit. 

^t   ij         (I         n  Kit  <2>iin«/jr,  ihkI  rwCrMly, 

ADDITIONAL  ERRATA  IN  PABT  11.    8«oo!ri»  E»mo». 

159.  Ib  laUe  of  i>ul|iLuruiu  iLciil,  firat  Udo,  for  i  »(■  Co,  nti  i  vr  o'g. 

„  .83-  luubtorfwiphurotud hy^K-.-^, f"' ^:;;:^:^:^ «»j ; t^t^^i-'^ 

II  *tit    7  lino*  from  K>p,        (vr}4'3i  f'w'sj.j. 

(I  tj4,  1 1  Unfa  from  batlom,  for  N,C„  retd  N,C,. 

,(  ^90,    J        „  „       of  Uit,  forzxii.,  raul  lii. 

„  36J.  InGml.  QU^  for  ij'i.  rtnd  tit)  ;  and  fi^r  ii  S,  raul  l}'J. 

ti  3l^i<    7l>»«*fn)nibattain,  fbr6o-iT,  PW(t  6079:  andfor  39-;9,  rcBid  jgic. 

••  399.  IS        ,,        «iN        for  i  rbO.BO,.  r««l  1  PhO,t  BO,. 

„  484,     4         „         botlMn  of  text,  for  >;3*7,  roH  I73'T< 

„      „     ftiBt  liii*  flf  nnut,  foT9J'4,  nail  115-8. 

„       „      LhC  line  of  uote,  for  Ji'4.  reuJ  44'!^. 

M  l^f-   '*  Liuc*  fructi  ("p,      for  3<j'},  roail  59'£- 

„  J40,  to        „         liaUoni,  iiMirt  oiAtr  bohn  nctal, 

M  i+o.  13       1.        t"P*        ft>f  1  FiiS,.  roul  Fo,iv 

M  i9<i     4         »  .1  foKCuRnl,  raul  (Cii.Sd). 

>.  061,13         ■>  .t  for  11 '4,  rand  44 "S- 

„      „     III  tiMa,  Uin  Dumber  for  rhoiliitm  alioutd  be  59'I> 
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KBRATA  IN  PART  III.    Sacorro  EnniOK. 

6  linoi  fram  top,  ddo  ix. 
i«        ..        bolWiii,  fnw  m),C,HO^  read  no.c.HO^ 

In  Ulile,  Um  fomiiila  for  tbi)tc«li<:  ulber  ahuuld  b«  (C,B,OJ  (C.HJS^ 
In  Mch  eqiutiafi  for  Isktio,  for  1  (KO,C,Oj  tMd  *  (1  KO.C^OJ. 
11  liDMfrom  botlom,  for  i;i6orc>ii  19.630. 

7  liana  fruni  Uip,  fur  ilv.  re^l  iliti. 
J        ,,         top  ,.  mtaturr*.  raad  weiglUt. 

Fint  lino,  ddo  I  HO,  in  liia  funiiuU. 

Id   table  fin  aouM   coploi)  in   the   Ibrmtila  fur  ifimelliia^da  at  tin,    far 

In  tttn  farmnk  for  sUnoio  indtitnnicthidD,  for  lC.B,)i  R«d  (C,u,,,. 
j  linn  fhim  bottom,  read  Uii:  oumpuiutiiiD  til  boric  dloxjratlude  oa  (bl- 

'"'"'*' I  (c;3:o.v 

17  lioM  from  ttp,  fot  iadidt  rwul  rUoruft. 

16  „         tnp  fwr  3H'>,C„H,0„.  Pimd3lI0,C,.H0„. 

iMt  Una  of  UliK  for  C„H„0,  re»d  C„U„0,. 

Th«  gensnl  fonuiU«  for  Uin  kotonaa  iUkiuU  be  5"    5*^'   '  {  . 

Id  tita  U>bt«,  Ui«  nalllug  point  of  bntjrio.  raUris,  uhI  oaproio  twU*  afaould 

be  giToB  a*  Mow  o*  F, 
6  lines  from  top,  for  iiffartt  or  1  «(m*,  read  57  paru  or  3  oMMi 
ifl  line* fruin  bottom,  for  iiji*,  read  145*. 
>3        H        t»Pi        <lide  ofnV  i'«  (uKMurfe  uvlA  ricinoMc  oeicZ. 
S       „  ,,  kdil  +  tiO  toUia  ead  of  liia  w^iui^b. 

Fint  tines  tor  ^0  {In  (unuuU)  m»l  t  UO. 


050 

P»g6  391,  15  Uhm  feim  top,  for  mttaU,  N*d  a€itie. 

„  419.  In  foniHil»  for  beDMinida,  for  I  O^  lead  |  S. 

„  436.  In  aBDond  eqwtiim,  both  time*,  for  (C^^O^,  read  (C;,HuOJ". 

„  431.  IiMt  lim  but  ooe^  hunt  1  bafora  H,0^ 

,,  438,    4  liitea  bvm  bottom,  ft>r  fte(ro-a«7ii«>v^  raad  «{«e(r»-po«MM; 

>•  4S»,  '3        »  .»        !''>' C„  "~1  C„  „.       .  ,  ^ 

!•  454>    9        It         t^>       inf(»TauUf<»-ptatMOp]nuuiB,»>rpL,  tckIFL 

11       It     '7        »  »        fof  P*-!  >•**  rt. 

..  475,    4        ..         bottom,  for  »C,;tt^,HCI,r»ii(C,^^,Ha>. 

„  478,    6        „  „         forCaOj', '«<l(C,<Vineqn«tiMi. 

„  ^gb,  13         „  top,       tmufer  the  aantenoa  bagimimg — It  dot*  «•(  qipw, 

to  p.  495)  7  Un«a  from  top. 

„  497.  IntbafonnnlnroropiMDmoiiutd  teTopiammoii,  forN,  nadN.lliroagboaL 

, ,  50s.  Laat  lino  but  ono  of  tabia,  for  6  Aq,  read  4  Aq. 
„        „    Laat  line  of  tabla,  for  6  Aq,  r«ad  8  Aq ;  dala  maderatd}/. 

„  511.  In  the  eqaatioD,  for  1  Agl,  read  Agl. 

„  515.  Laat  line,  for  3  HCl,  read  a  HCl. 

„  540^    J  linea  from  top,        tor +C],=i  HCl,  read +1  C1,=4HCL 

„  344,  18        „  bottom,  tor  t  Aq,  read  4  Aq. 

„  5S3.  In  tabid,  foimnla  for  all;loxamio  ether,  for  C,0,  read  0,0^ 
„      „         „        next  line,  for  C,0,  rrad  0,0^. 

„  60}.  Laat  line  bat  one  in  note,  for  Oj^  read  0^ 

„  611,    6  linee  from  top,        tor  {N0J,O  +  *Aq,  read <N0^,0,4-3Aq. 

»  fii't    7        t>        bottom,  for  BO.Cy,  read  HO,C^ 

„  653.  Laat  line  (in  aoma  oopiei),  for  KO,C,^Ou  read  KO.C^H.Or 

,,  664.  It)  formula  for  lulpbobuiliUuUtn,  tbr  C„H,«8,0p  read  CMH^i^O,. 

„  690.  In  table,  for  Fa^  read  Fa,. 

„  695.  Laat  line  but  one  of  t&ble,  for  HgSoT,  read  9  HgScj. 

„  731.  Fintlin<^  forotioxait,  read  nlloraMiit. 


ADDITIONAL  ERRATA  IN   PART   III. 

40.  Unei  »  an^  >3  from  ton,  <fele'or^W«  <«d  '^""»^._.^„^ij„ 
:;       S*  7  l^e. fr.m  top. after  jAo»pA«(M,  insert  <»r«nui*.  o-^  a^*mm^. 
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-"WOBK  b  inteiidvd  to  f\imiBli  tl>6  Slucknb  and  PrsctatioDer  witb  an 
I  rinw  uf  th«  Au*tninj  of  1)m  Htungui  Dvdjr,  utd  man  MpodiUy  tlie  Njiplicatjoa  of 

tH  to  rmnickl  HonpTjr. 
irfUi«<b«fobjn!tac<fUieiiuLlior  bill  been  (oinduM  the  itnilent  to  upply  hit  luuitioniSeal 
Ri  til  tiM  mow  pradinl  pwnu  in  8iir)f«ry,  by  {vtndueiag,  in  idulII  typo,  nndor  each  of 
iiij;  niiLJiviiliitiB,  niob  oimtTTKtiolM  u  uiow  tha  noonuity  of  ui  nommU!  knoirlrJ^  nf 

it. —  Miuli  lima  ainl  otre  hatvn  tMCn  rlonitwl  to  tbia  [art  cj  Uia  irark,  the  IimI*  cf 

vlcdce-      It  ronuUDi  n  canciH  dTBciijitiou  of  tliu  KnMoinjr  of  lii«  biMHMi  UluolTSlod 

I  Mwurati-ly  l«itU-n«l.    *li(>wjng  ihr  viuiouii  nurkuigi  knd  pmrfii  on  «ach  Ixdi*. 

»l«  •>r  tadi  uiutclu  *r*  thown  In  ilalUxl  liiiM,  co)>[«tl  froiu  nrfvot  JiaKCttolii.     Th« 

~  cD«h  tout  nro  thown  va  m  saw  f<luD,  miJ  »  inetbml  ban  bairu  ailoiiUd  by  wiiioh 

I  onniplitatnct  kcoount  nf  Ibe  i]evc)o)imcnl  of  ttio  bonra  a  niiidc  miirea!!ii|de. 

)uc  Abticcljitiovh.— Ill  ttiis  toaiou  tb«  VHriuuii  ■ttuctuna  fonninK  tho  jmnta  andeaoribcrf, 

r''  I  111  tb* joint!  Ib  pvaii.  anil  tho  aniitniiiT  of  Miob  oaraftiUy  lUwribod,  UliKlnUd  \yy 

I!  (4'wbieh  ATo  lalieu  from,  or  conoeucf  bj,  Maanl  diMMdoni. 

^cus  jJRt  FiBCUS.^Iii  IkU  iMtion  Uie  oiuicIm  *i«  doaonlml   in  i^up*,  m  ia 

riiical  work*.     A  — «4m  of  Uliiiilniiicinik  abowkig  the  Iiikb  of  inoiilun  neecmn'  in 

uf  Uio  miuclca  in  enoli  ragton,  ■»  iDtrodntcJ,  and  iLiu  aiiui;tiM  arc  sbown  in  FJftV' 


Lu^iAt  ■»):•■   TbemTgxul  anotamjof  Ibeuiiuicileain  cunnvxion  «ritb  bkutuna,  uf  til*  toodutil 
divldcil  ill  OMraUum,  In  abo  dMcribcil  uiil  il]iiiil.nit«(). 

htkkika. — Tbe  oount,  rolotiona,  ticcutiuriiico,  Mid  inr^lckl  uutomy  of  entlt  m1«tv 

in  itiia  leutioQ,  t<»^tliitr  wiiii  tiifl  juwtoiny  of  tbe  Tcpou  containing  tlie  ancrin 

Jly  iiiTolred  in  inrifc*!  oiioralbm*.    This  port  of  tbe  worli  h  illuatnl«d  bjTwmiljr' 

liav*  nm  deKrtbed  u  in  ordmuv  iiutuniinl  vorkt,  ud  iUuitmlml  byn  nnfM  of 
«.  chawing  thew  in  mch  ration.    Tiio  ToJm  of  tbo  tpiat  ont  d«ootittod  and  iUuitmUi) 

)•  woll  known  mni,  of  Urrwttet. 

IX  LvHi')iA7i<;it  are  diwcribvil,  and  BgurMl  ia  »  avrioi  of  tUuatntiona  oopiod  from  the 

■^>(av>ji:k  Srsrui  *fV  OiiuiKa  or  StTiai.— A  ohocim  and  aocaialo  il— cfipticn  of  lLi« 
^Kpartof  Anatomy  baa  bnni  givnn,  illuitntnl  by  8ixty-ai*  Kagtnvinn  wiyirliv  tin 
pB  Mill  ku  «amIiraoao,  (Lc  anatoray  uf  tlw  bndn  in  a  aariaa  of  aKtiMal  Tioma,  tba  otif  Idi 
and  ilistrtbtUMC  of  tli«  cnmial,  tpiiMl,  and  tyapatlictio  ntrrca,  and  Uia  aaalony  of  tbe 
of  auiiH:. 

im  Vt-ictUA. — A  drUDod  iloNiriptlon  nf  thii  oMcntaal  part  of  aoatoiuy  h&«  bean  gipoD, 
bid  by  Finy-&Tv  Iatko  >c«ntualy-leit*nd  Eognvins*. 

WtoKAt.  AxiTouT.  — llie  uiHliMny  of  lb*  jitflMiuiD,  <4  Uw  tocbin-rwtal  rteion,  lod  of 
I  anil  iiik'u>B>^  tiKDit*.  ID  d*-°nilwl  at  tlio  end  of  Ibo  Bork.  TW  rvgioo  of  tbe  neck,  lb* 
lk«  liei^l  r/  llie  dUiw,  Searjia'*  tciaacle,  and  tlio  popliltaJ  apaca  in  llio  auction  on  iJie 
I,  Tin  UiTnp>-tnicluial  rvgiou,  wttb  ilia  anatooiy  u<  ibo  tiatlua  and  laryni.  Th«  n^oa* 
ttntvH  }*f  mtnji  EnctariM|[a. 

>'!OAt.  Ajiatomt. — A  hiiof  aoooont  of  the  eaicroacoipl^Al  anaiotny  of  nowe  «f  the 
''«  TUIMit  or^Mia,  baa  aloo  baaa  MttoduoMi 
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